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Operating Committee
PJM Conference & Training Center, Audubon, PA
June 11, 2019
9:00 a.m. – 12:30 p.m. EPT
Administration (9:00 – 9:05)
Approve Operating Committee (OC) Agenda for this meeting.     

Review and approve Draft Minutes of the May 14, 2019 OC meeting. 
1. Review of the OC Work Plan.  
Review of Operations (9:05 – 9:20)
2. Review of Operational Events
Mr. Chris Pilong, PJM, will review PJM operations since the last OC Meeting.  
Review of Operating Metrics

Ms. Stephanie Monzon, PJM, will review the May 2019 PJM operating metrics slides.  Metrics will include PJM’s load forecast error, BAAL performance, transmission / generation outage statistics, and Perfect Dispatch historical performance.   
FERC Order 841 Education (9:20 – 9:35)

3. FERC Order 841: Electric Storage Participation Education
Ms. Laura Walter, PJM, will provide education regarding FERC Order 841 electric storage participation.

Endorsements/Approvals 
      There are no endorsements or approvals for this month’s meeting.  
First Readings (9:35 – 9:50)
4. Manual 14D Changes

Mr. Vince Stefanowicz, PJM, will review the proposed changes to PJM Manual 14D:  Generator Operational Requirements.  The review will include a cover to cover review and proposed language changes regarding compliance with FERC Order 841 for energy storage participation.  The Operating Committee will be asked to endorse these changes at the September 10 OC meeting.
5. Manual 36 and 40 Changes

Ms. Laura Walter, PJM, will review the proposed changes to PJM Manual 36:  System Restoration and Manual 40:  Training and Certification Requirements regarding FERC Order 841 for energy storage participation.  The Operating Committee will be asked to endorse these changes at the September 10 OC meeting. 

6. Manual 39 Changes

Mr. Daniel Bennett, PJM, will review the proposed changes to PJM Manual 39: Nuclear Plant Interface Coordination.  The Operating Committee will be asked to endorse these changes at the next OC meeting.

9a. Manual 13 Changes

Mr. Augustine Caven, PJM, will review the proposed changes to PJM Manual 13:  Emergency Operations in regards to Resource Limitation Reporting.  The Operating Committee will be asked to endorse these changes at the next OC meeting.

 OC Subcommittee / Task Force Updates (9:50 – 10:10) 
System Operations Subcommittee (SOS)

Mr. Chris Pilong, PJM, will provide a summary of the most recent SOS meeting.  

7. Data Management Subcommittee (DMS)
There are no DMS updates for this month’s meeting.      

Distributed Energy Resources Subcommittee (DERS)

Mr. Scott Baker, PJM, will provide a summary of the most recent DERS meeting.  

System Restoration Coordinators Subcommittee (SRCS)
There are no SRCS updates for this month’s meeting.
Primary Frequency Response Sr. Task Force (PFRSTF)
There are no PFRSTF subcommittee updates for this month’s meeting.
Unit Specific Parameter Updates   
8. Unit Specific Parameter Updates

       There are no Unit Specific Parameter updates for this month’s meeting.    

PJM Initiatives/Education Updates   (10:10 – 10:40)
9. Fuel Requirements for Black Start Resources Update

There are no Fuel Requirements for Black Start Resources updates for this month’s meeting.  More information on this initiative can be found at PJM’s Issues Tracking page.  https://www.pjm.com/committees-and-groups/issue-tracking/issue-tracking-details.aspx?Issue={B7F726E1-9F06-414E-8516-4D69B5050AF4}
10. Transient Stability Analysis and Modeling Education

Mr. Liem Hoang and Mr. Mike Zhang, PJM, will provide education on how PJM models and performs transient stability analysis.

Break (10:40 – 10:55)
Tool and Informational Updates (10:55 – 11:15)
Synchronous Reserve Performance Updates

Mr. David Kimmel, PJM, will provide an update on PJM’s synchronous reserve performance.
11. Primary Frequency Response Generator Performance Update

Ms. Danielle Croop, PJM, will provide an update on PJM’s primary frequency response generator performance.
NERC Lessons Learned 
Mr. Donnie Bielak, PJM, will provide an update on recently posted NERC lessons learned.  
Reliability Compliance Update

There are no Reliability Compliance updates for this month’s meeting.  
12. Pricing Interface Update

There have been no newly created pricing interfaces.
Non-Retail Behind the Meter Generation (NRBTMG) Business Rules Issue (11:15 - 12:30)
13. Non-Retail Behind the Meter Generation Data Collection Timeline Review

Ms. Terri Esterly, PJM, will provide a review of the Non-Retail Behind the Meter Generation data collection timeline.  
14. Manual 13 and 14D Changes
       Mr. Chris Pilong and Ms. Terri Esterly, PJM, will review the proposed changes to Manual 13:  Emergency Operations and Manual 14D:  Generator Operational Requirements.  The Operating Committee will be asked to endorse these changes at the next OC meeting.  
Lunch (12:30 – 13:00) 
 Action Items (12:30)
1. PJM will review the request to include additional data to the Operating Metrics report in the area of Operator Biasing and Reserve Pricing.
2. PJM will review Manual 03 language changes regarding stability studies in order to align with proposed Manual 10 language changes.

3. Manual 10 endorsement vote will be deferred until after the June MIC meeting.
Information Only
The Non-Retail Behind the Meter Generation Subgroup June 3 meeting draft minutes are posted on the June 11 OC meeting website.

Previous OC Education 
	Network Model Alignment Initiative
	2/5/2019
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	Forecasting Education
	4/9/2019
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	Emergency Procedures Overview
	4/9/2019
	
[image: image3.emf]20190409-item-23b- emergency-procedures-overview.pdf



	Behind the Meter Generation Settlement History
	4/9/2019
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	Improving Load Forecast with BTM Solar Forecast 
	5/14/2019
	
[image: image5.emf]20190514-item-20-i mproving-load-forecast-with-btm-solar-forecast.pdf



	Existing Non-Retail Behind the Meter Generation Business Rules
	5/14/2019
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	Non-Wholesale Distributed Energy Resources Data Collection
	5/14/2019
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	Process Used to Estimate Non-Retail Behind the Meter Generation in PJM
	5/14/2019
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	Non-Retail Behind the Meter Generation Settlement Agreement – Determination of the Threshold and Cap
	5/14/2019
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	Future Meeting Dates

	July 9, 2019
	9:00 a.m.
	PJM Interconnection - Conference and Training Center

	August 6, 2019
	9:00 a.m.
	PJM Interconnection - Conference and Training Center

	September 10, 2019
	9:00 a.m.
	PJM Interconnection - Conference and Training Center

	October 15, 2019
	9:00 a.m.
	PJM Interconnection - Conference and Training Center


Author: Don Wallin
Antitrust:

You may not discuss any topics that violate, or that might appear to violate, the antitrust laws including but not limited to agreements between or among competitors regarding prices, bid and offer practices, availability of service, product design, terms of sale, division of markets, allocation of customers or any other activity that might unreasonably restrain competition.  If any of these items are discussed the chair will re-direct the conversation.  If the conversation still persists, parties will be asked to leave the meeting or the meeting will be adjourned.

Code of Conduct:

As a mandatory condition of attendance at today's meeting, attendees agree to adhere to the PJM Code of Conduct as detailed in PJM Manual M-34 section 4.5, including, but not limited to, participants' responsibilities and rules regarding the dissemination of meeting discussion and materials.

Public Meetings/Media Participation: 

Unless otherwise noted, PJM stakeholder meetings are open to the public and to members of the media. Members of the media are asked to announce their attendance at all PJM stakeholder meetings at the beginning of the meeting or at the point they join a meeting already in progress. Members of the Media are reminded that speakers at PJM meetings cannot be quoted without explicit permission from the speaker. PJM Members are reminded that "detailed transcriptional meeting notes" and white board notes from "brainstorming sessions" shall not be disseminated. Stakeholders are also not allowed to create audio, video or online recordings of PJM meetings.  PJM may create audio, video or online recordings of stakeholder meetings for internal and training purposes, and your participation at such meetings indicates your consent to the same.
Participant Identification in WebEx:

When logging into the WebEx desktop client, please enter your real first and last name as well as a valid email address. Be sure to select the “call me” option.

PJM support staff continuously monitors WebEx connections during stakeholder meetings. Anonymous users or those using false usernames or emails will be

dropped from the teleconference.

Provide feedback on the progress of this group: �HYPERLINK "http://www.pjm.com/committees-and-groups/committees/form-facilitator-feedback.aspx"��Facilitator Feedback Form� �Visit � HYPERLINK "http://learn.pjm.com/" �learn.pjm.com�, an easy-to-understand resource about the power industry and PJM’s role.
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Settlement Agreement 


Theresa Esterly 


Sr. Lead Engineer, Capacity Market Operations 


OC Meeting 


April 9, 2019 
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History 


March 1, 2004 


Filing ER04-608 


PJM proposed rules to 
allow BTMG at same, 


single electrical 
location to net against 


load  


May 6, 2004 


 FERC Order  


Accepted filing subject to 
condition.  Required PJM to 


examine whether appropriate 
to expand BTMG netting 


provision to municipal and 
cooperative system loads and 


file status report. 


May 2004 – March 2005  


BTMG Working Group 


Deliberated on expanding 
the BTMG business 


rules.  PJM filed three 
status reports to FERC 


on the topic. 


www.pjm.com  


March 18, 2005 


Final Status Report  


PJM stakeholders rejected 
proposal that allowed 
BTMG on distribution 


system to net based on ten 
PJM coincident peaks 


during summer period for 
transmission and capacity 


purposes. 


July 6, 2005 


Docket EL05-127 


 FERC established 
hearing and settlement 


judge procedures to 
investigate expanding 
netting provisions to 
BTMG connected to 
distribution system. 


October 24, 2005 


Settlement 
Agreement  


Established the Non-
retail BTMG business 


rules. 
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Issues to be addressed by Settlement 


 


Appropriateness 
of expanding 


netting provision 


•  Whether generation not located with load should be 
categorically excluded from BTMG netting provision 


 


Impact on 
reliability as a 


result of 
expansion 


• Whether reliability concerns raised by PJM are relevant to 
question of netting to determine the responsibility of the 
costs of transmission system or whether such concerns can 
be addressed in other ways 


www.pjm.com  


Reliability concerns: 


• Classifying high levels of municipal generation would reduce level of installed 


capacity reserves on system 


• PJM did not have right to call upon  BTMG in an emergency 
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Settlement Agreement 


• Applicability of the BTMG Netting Rules 


• Non-Retail BTMG Threshold 


• 3000 MW NRBTMG Cap 


• Maximum Generation Emergency Obligation 


• Filing Rights 


 


 


www.pjm.com  
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Applicability of the BTMG Netting Rules 


• Netting rules shall be expanded to apply to BTMG used by 


municipal electric systems, electric cooperatives, and electric 


distribution companies to serve load (“Non-Retail Behind the 


Meter Generation”) 


• If distribution facilities are used to deliver energy from NRBTMG 


to load, then permission to use distribution facilities must be 


obtained from owner, lessee, or operator of such facilities 


• Netting rules for BTMG apply only to those entities that have 


Network Integration Transmission Service agreements with PJM 


www.pjm.com  
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Non-Retail BTMG Threshold 


• NRBTMG Threshold caps the amount of NRBTMG in PJM that will be eligible 


for 100% netting 


• Initial NRBTMG Threshold shall be 1500 MW for 2006 calendar year for 


transmission charges and 2006/2007 delivery year for capacity charges.   


• Each year thereafter, NRBTMG Threshold is increased based PJM load growth.  


• Load growth shall be determined based on most recent forecasted weather-


adjusted summer peak for PJM region divided by weather-adjusted coincident 


peak for prior summer for the same area. 


• NRBTMG Threshold shall be rounded up or down to nearest whole MW. 


• NRBTMG Threshold for current calendar year/delivery year shall be the base 


amount for calculating the NRBTMG Threshold for succeeding calendar 


year/delivery year. 


 
www.pjm.com  
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NRBTMG Threshold Calculation 


2018 CY & 2018/2019 DY NRBTMG Threshold = 1953 MW 


 


Load Growth 


= 2019 Forecasted Summer Peak ÷ 2018 Weather Normalized Summer Peak 


= 151,357 MW ÷  147,375 MW 


= 1.0270 


 


2019 CY & 2019/2020 DY NRBTMG Threshold 


= Base amount * Load Growth 


= 1953 MW * 1.0270 


= 2006 MW 
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Base amount for 


calculating  2019 


CY & 2019/2020 


DY Threshold 
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 Exceeding the Non-Retail BTMG Threshold 


• If amount of NRBTMG in PJM exceeds the NRBTMG Threshold, 


the NRBTMG eligible for netting shall be pro-rated back to the 


NRBTMG Threshold 


• Entity’s NRBTMG eligible for netting shall be product of entity’s 


total NRBTMG multiplied by the ratio of NRBTMG Threshold 


divided by total amount of NRBTMG in PJM (not to exceed 3000 


MW). 


www.pjm.com  


Example: 


NRBTMG Threshold = 1500 MW 


NRBTMG in PJM = 2000 MW 


Ratio = 1500 MW/2000 MW = 0.75 


 


Entity’s NRBTMG = 20 MW 


Entity’s Eligible NRBTMG Netting Amount = 20 MW * 0.75 =15 MW  
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3000 MW NRBTMG Cap 


• NRBTMG in PJM shall be capped at 3000 MW for netting purposes unless 


modified pursuant to a filing 


• If 3000 MW cap is reached, no additional NRBTMG will be eligible for 


netting for purposes of determining charges for transmission service, 


reactive service, black start service, and capacity obligations 


• In event 3000 MW cap is reached, within 6 months of the date the cap is 


reached, PJM shall make a section 205 filing to justify either continuation of 


existing BTMG rules (including any expansion of rules to include additional 


MWs) or any changes to the rules. 


– Filing to address the effect of the implementation of current BTM rules on 


reliability and equitable allocation of cost responsibility 


www.pjm.com  
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Maximum Generation Emergency Obligations 


• Each year (November 1- October 31), NRBTMG resource shall 


be required to operate during first 10 occurrences of Maximum 


Generation Emergency (MGE) conditions to address either a 


generation or transmission emergency in the zone in which the 


resource is located 


• Obligated to operate up to the resource’s emergency rating up to 


the duration so rated, and the obligation to operate at its normal 


rating for the duration of the MGE condition. 


• Failure to operate results in reduced netting benefit 


www.pjm.com  
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Reduced Netting Benefit for Failure to Operate  


• Except for failure to operate due to scheduled outages during months of 


October through May, for each MGE condition in which such resource fails 


to operate, in whole or in part, the netting associated with that resource for 


purposes of charges for transmission service, reactive service, black start 


service, and capacity obligations shall be reduced by 10% of the amount of 


MWS the resource failed to produce 


• Reductions in netting shall be applied in the succeeding calendar year with 


respect to transmission service, reactive service and black start service, 


and in the succeeding  delivery year for capacity obligations 


 


www.pjm.com  


Example: 


Required Output during MGE = 100 MW 


NRBTMG Output during MGE = 50 MW 


Shortfall = 50 MW 


Entity’s Eligible NRBTMG Netting Amount for next CY/DY will be 


reduced by 10% * Shortfall or  5 MW 
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Filing Rights 


• Nothing in Settlement Agreement shall be construed as affecting 


the rights of any party to make future filings under section 205 


and 206 of Federal Power Act 


• PJM shall have right unilaterally to make 205 filing to provisions 


of OA to extent provisions and amendments concern reliability or 


operational issues with BTMG netting rules 


• PJM shall have right unilaterally to make 205 filing to provisions 


of OATT to extent provisions and amendments concern BTMG 


netting rules 


 


www.pjm.com  
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Reliability Concerns Addressed  


Netting up to NRBTMG Threshold 


3000 MW Cap on NRBTMG 


Requirement to operate during Maximum Generation Emergency condition 


PJM rights to file to change BTMG provisions in event that PJM identifies a reliability 
concern 
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Settlement  Agreement terms provided mechanisms to protect the reliability of 


system, while permitting increased participation in BTMG netting program. 
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Appendix 
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Parties to Settlement Agreement 


• American Electric Power 


Service Corporation 


• American Forest & Paper 


Association 


• Borough of Chambersburg, PA 


• Eastern Utilities Commission 


• City of Geneva, IL 


• Illinois Municipal Electric 


Agency 


 


 


 


• Old Dominion Electric 


Cooperative 


• PEPCO Holdings & its affiliates 


• PJM Industrial Customer 


Coalition 


• PJM Interconnection 


• Public Service Electric & Gas  


 


 


www.pjm.com  
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Definition of Maximum Generation Emergency in OATT 


Maximum Generation Emergency shall mean an Emergency 


declared by the Office of the Interconnection to address either a 


generation or transmission emergency in which the Office of the 


Interconnection anticipates requesting one or more Generation 


Capacity Resources, or Non-Retail Behind The Meter Generation 


resources to operate at its maximum net or gross electrical power 


output, subject to the equipment stress limits for such Generation 


Capacity Resource or Non-Retail Behind The Meter resource in 


order to manage, alleviate, or end the Emergency. 
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Existing Non-Retail BTMG Business Rules 


Theresa Esterly 


Sr. Lead Engineer, Capacity Market Operations 


OC Meeting 


May 14, 2019 


www.pjm.com 



http://www.pjm.com/

http://www.pjm.com/





PJM©2019 2 


Existing Non-Retail BTMG Rules 


• Definition of Non-Retail BTMG 


• Metering requirements 


• Reporting requirements 


• Netting requirements 


– Non-Retail BTMG Threshold 


– Adjustment to netting if Non-Retail BTMG Threshold reached 


– 3,000 MW cap on Non-Retail BTMG 


– Adjustment to netting if 3,000 MW Cap reached   


• Operational Requirements 


– Performance Evaluation 


– Adjustment to netting if failure to operate 


 


www.pjm.com 



http://www.pjm.com/

http://www.pjm.com/

http://www.pjm.com/





PJM©2019 3 


Definition of Non-Retail BTMG 


Unit delivers energy to load without using the transmission system 
or any distribution facilities. 


• Consent to use must be granted from the owner, lessee or operator of distribution 
facilities and demonstrated to PJM. 


Exception to the prohibition on use of distribution facilities rule is 
allowed. 


• Designated as Capacity Resource; 


• Sold to another entity for consumption at another electrical location; or 


• Sold into PJM Interchange Energy Market 


Does not include any portion of the output of such unit: 


Unit is used by muni/coop/EDC to serve load. 


www.pjm.com 
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Retail BTMG vs. Non-Retail BTMG Classification 


Retail BTMG 


• Unit is co-located with load at same 
site 


• Unit typically serves load for one 
retail electric customer (unless 
there is a net-energy metering 
arrangement with utility) 


• Unit is located behind the retail 
electric customer’s meter 


• Unit is not classified as generation 
capacity resource, demand 
resource, or energy-only resource 


Non-Retail BTMG 


• Unit is not co-located with load at 
same site 


• Unit serves load for multiple retail 
electric customers on distribution 
system 


• Unit is located behind the 
muni/coop/EDC wholesale meter 


• Unit is not classified as generation 
capacity resource, demand 
resource, or energy-only resource 


www.pjm.com 
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BTMG Configurations 


www.pjm.com 


M 


Retail 


BTM 


Load Non-Retail  


BTM 


Load Load 


M M 


Transmission 


Distribution 


Retail BTM 
Serves load for one retail electricity 


customer.   


Non-Retail BTM 
Serve load for multiple retail electricity 


customers.   


EDC/Muni/Coop 


wholesale load meter M 


Retail load meter 



http://www.pjm.com/
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Existing Metering Requirements 


• BTMG that is > 10 MW (or that otherwise has been identified by PJM as 
requiring metering for operational security purposes) must have both 
revenue-quality metering and telemetry equipment. 


– Need for metering smaller-sized units depends on local operational security needs. 


• BTMG consisting of multiple units that are individually rated at < 10 MW, but 
collectively total >10 MW at a single site and are identified as requiring 
metering and telemetry equipment, may meet these requirements by being 
metered as a single unit. 


• For telemetry and metering to be communicated to PJM, the unit must be 
modeled in the PJM Energy Management System. 


www.pjm.com  
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Existing Reporting Requirements 


Network Customer with Non-Retail BTMG 


• Report information to facilitate the 
determination of Non-Retail BTMG 
netting credit 


• Report scheduled outages of unit prior to 
the occurrence of such outage 


• Report the output of Non-Retail BTMG 
during emergency conditions 


• Report load and generation information 
to PJM for use in load forecast (EDC or 
network customer may report)* 


Transmission Owner/Operator 


• Report information to determine the 
impact of BTMG during a manual load 
dump or other emergency situations on 
an annual basis (to the extent that the 
TO holds or can obtain info from 
muni/coop/EDC) per M-14D, Appendix A 


• Report load and generation information 
for PJM’s planning purposes* 


• Submit a completed BTMG Modeling 
Information Form as an eDART Network 
Model Request* 


www.pjm.com 


*Requirement applies only if metering is required for Non-Retail BTMG. 
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Existing Netting Requirements 


• Operating Non-Retail BTMG is allowed to net against load for 


purposes of calculating capacity, transmission service, ancillary 


service, and administrative fee charges. 


• Only the Network Customer, entity receiving Network Integration 


Transmission Service, is eligible for netting treatment. 


• Entity must have NITS agreement. 


• Such netting may never result in a load that is less than zero. 
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 Operating Non-Retail BTMG Impacts Load & Charges   


Obligation Peak Load (OPL) 


• Locational Reliability Charge 


• Schedule 9–5 Capacity Resource & Obligation Management Charge 


• Generation Deactivation Charge  


Network Service Peak Load (NSPL) 


• Network Integration Transmission Service Charge 


• Transmission Enhancement Charge 


• Reactive Supply and Voltage Control from Generation & Other Sources Service Charge 


• Black Start Service Charge 


Scheduled Load or Real-Time Load 


• Regulation Charge 


• Day-Ahead & Real-Time Operating Reserve Charge 


• Synchronized Reserve Charge 


• Non-synchronized Reserve Charge 


• Day-Ahead Scheduling Reserve Charge 


• Reactive Services Charge 


• Synchronous Condensing for Post-Contingency Operation Charge 


• Transmission Loss Charge 


• Inadvertent Interchange Charge 


• Meter Correction Charge 


www.pjm.com 


• Transmission Owner Scheduling, System Control & Dispatch Service Charge 


• Schedule 9-1 Control Area Administration Charge 


• Schedule 9-3 Market Support Charge 


• Schedule 9- MMU Funding Charge 


• Schedule 9-FERC Annual Charge Recovery Charge 


• Schedule 9-OPSI 


• Schedule 9-CAPS 


• Schedule 9-FERC 


• Schedule 10-RFC 


 



http://www.pjm.com/
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NSPL & OPL Process 


www.pjm.com 


Allocation of zonal load to retail end-use customers and wholesale areas in December 
• Methods to allocate may vary form EDC to EDC 


• https://www.pjm.com/markets-and-operations/billing-settlements-and-credit/theo-plc-and-nspl.aspx 


• Allocations of Zonal NSPL used to determine LSE’s NSPL MW for next calendar year 


• Allocations of WNZP used to determine LSE’s OPL MW for next delivery year 


PJM posts zonal loads in November 


Zonal NSPL has the highest metered zonal peak load during Nov. 1–Oct. 31 period. 


Weather Normalized Zonal Peak (WNZP) for prior summer  


LSE 1 LSE 2 LSE 3 LSE 4 


Assignment to Network Customer (LSE) for operating day 
• EDC uploads the aggregate amount of NSPL MWs and OPL MWs that an LSE is responsible to serve 


for the operating day in Capacity Exchange system 


 


1 


2 


3 
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Zonal 


Load Hour 


Zonal 


Metered 


Load 


Wholesale 


Area Actual 


Load 


Operating 


Non-Retail 


BTMG 


Wholesale 


Area Net 


Metered Load 


Share of Zonal 


Metered Load 


Wholesale 


Area 


 NSPL or OPL 


NSPL 10,000 1 CP Hour 10,000 500 50 450 0.04500 450 


 
 


WNZP 9,400           0.04767 448.1 


    5 CP Hour 1 9,700 505 50 455     


    5 CP Hour 2 9,500 490 45 445     


    5 CP Hour 3 9,100 495 35 460     


    5 CP Hour 4 9,400 480 48 432     


    5 CP Hour 5 8,700 450 30 420     


    Avg. 9,280   Avg. 442.4     


Example of 100 Percent Eligible Netting 


www.pjm.com 


With 100 percent of operating Non-Retail BTMG allowed to net, NSPL=450 MW and OPL = 448.1 MW.  


If operating Non-Retail BTMG was not allowed to net, NSPL = 500 MW and OPL =490.3 MW. 


NSPL= 


Share of 


Zonal 


Metered 


Load * 


Zonal 


NSPL  


OPL= 


Share of 


Zonal 


Metered 


Load * 


WNZP  


450/ 10,000 =  


442.4/ 9,280 =  
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Non-Retail BTMG Threshold 


• Non-Retail BTMG Threshold caps the amount of Non-Retail BTMG in PJM that will be eligible 


for 100 percent netting. 


• Initial Non-Retail BTMG Threshold was1,500 MW for the 2006 calendar year for transmission 


charges and the 2006/2007 delivery year for capacity charges.   


• Each year thereafter, Non-Retail BTMG Threshold is increased based PJM load growth.  


• Load growth shall be determined based on the most recent forecasted weather-adjusted 


summer peak for PJM region, divided by the weather-adjusted coincident peak for the prior 


summer for the same area. 


• Non-Retail BTMG Threshold shall be rounded up or down to the nearest whole MW. 


• Non-Retail BTMG Threshold for the current calendar year/delivery year shall be the base 


amount for calculating the Non-Retail BTMG Threshold for the succeeding calendar 


year/delivery year. 


www.pjm.com  
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Non-Retail BTMG Threshold Calculation 


 for 2019 CY & 2019/2020 DY 


2018 CY & 2018/2019 DY Non-Retail BTMG Threshold = 1,953 MW 
 


Load Growth 


= 2019 Forecasted Summer Peak ÷ 2018 Weather-Normalized Summer Peak 


= 151,357 MW ÷  147,375 MW 


= 1.0270 
 


2019 CY & 2019/2020 DY Non-Retail BTMG Threshold 


= Base amount * Load Growth 


= 1,953 MW * 1.0270 


= 2,006 MW 


 


 


 


   


 


www.pjm.com  


Base amount for 


calculating  2019 


CY & 2019/2020 


DY Threshold 
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 Exceeding the Non-Retail BTMG Threshold 


• If the amount of Non-Retail BTMG in PJM exceeds the Non-Retail BTMG 


Threshold, the Non-Retail BTMG eligible for netting shall be prorated back 


to the Non-Retail BTMG Threshold. 


• An entity’s Non-Retail BTMG eligible for netting shall be the product of the 


entity’s total operating Non-Retail BTMG multiplied by the ratio of Non-


Retail BTMG Threshold divided by the total amount of Non-Retail BTMG in 


PJM (not to exceed 3,000 MW). 


www.pjm.com  


Example: 


Non-Retail BTMG Threshold = 1,500 MW 


Non-Retail BTMG in PJM = 2,000 MW 


Ratio = 1,500 MW/2,000 MW = 0.75 


 


Entity’s Operating Non-Retail BTMG = 20 MW 


Entity’s Eligible Non-Retail BTMG Netting Amount = 20 MW * 0.75 =15 MW  
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Zonal 


Load Hour 


Zonal 


Metered 


Load 


Whole-


sale 


Area 


Actual 


Load 


Operating 


Non-Retail 


BTMG 


Wholesale 


Area Net 


Metered 


Load 


Ratio 


Adjustment 


Eligible 


Non-Retail 


BMTG 


Netting 


Amount 


Wholesale 


Area 


Adjusted Net 


Metered 


Load 


Share of 


Zonal 


Metered 


Load 


Wholesale 


Area 


 NSPL or 


OPL 


NSPL 10,000 1 CP Hr. 10,000 500 50 450 0.75 37.5 462.5 0.04625 462.5 


 


 


WNZP 9,400           0.04879 458.7 


    5 CP Hr. 1 9,700 505 50 455 0.75 37.5 467.5     


    5 CP Hr. 2 9,500 490 45 445 0.75 33.75 456.25     


    5 CP Hr. 3 9,100 495 35 460 0.75 26.25 468.75     


    5 CP Hr. 4 9,400 480 48 432 0.75 36 444     


    5 CP Hr. 5 8,700 450 30 420 0.75 22.5 427.5     


    Avg. 9,280   Avg. 442.4 Avg. 452.8     


Example of 75 percent Eligible Netting (Non-Retail BTMG Threshold Exceeded) 


www.pjm.com 


With 75% of Operating Non-Retail BTMG allowed to net, NSPL = 462.5 MW and OPL = 458.7 MW.  


462.5/ 10,000 =  


452.8/ 9,280 =  
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3,000 MW Non-Retail BTMG Cap 


• Non-Retail BTMG in PJM shall be capped at 3,000 MW for netting purposes 


unless modified pursuant to a filing. 


• If a 3,000 MW cap is reached, no additional Non-Retail BTMG will be 


eligible for netting for purposes of determining charges based on NSPL or 


OPL. 


• In the event a 3,000 MW cap is reached, within 6 months of the date the 


cap is reached, PJM shall make a section 205 filing to justify either a 


continuation of existing BTMG rules (including any expansion of rules to 


include additional MWs) or any changes to the rules. 


– Filing to address the effect of the implementation of current BTM rules on 


reliability and equitable allocation of cost responsibility. 


www.pjm.com  
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Zonal 


Load Hour 


Zonal 


Metered 


Load 


Whole


sale 


Area 


Actual 


Load 


Operating 


Non-


Retail 


BTMG 


Allowed 


to Net 


Operating 


Non-


Retail 


BTMG 


Not 


Allowed 


to Net 


Wholesale 


Area Net 


Metered 


Load 


Ratio 


Adjustment 


Eligible 


Non-Retail 


BMTG 


Netting 


Amount 


Wholesale 


Area 


Adjusted 


Net Metered 


Load 


Share of 


Zonal 


Metered 


Load 


Wholesale 


Area 


 NSPL or 


OPL 


NSPL 10,000 1 CP Hr. 10,000 500 50 10 440 0.66867 33.4 466.6 0.04666 466.6 
 


 


WNZP 9,400           0.04916 462.1 


    5 CP Hr. 1 9,700 505 50 10 445 0.66867 33.4 471.6     


    5 CP Hr. 2 9,500 490 45 9 436 0.66867 30.1 459.9     


    5 CP Hr. 3 9,100 495 35 8 452 0.66867 23.4 471.6     


    5 CP Hr. 4 9,400 480 48 9 423 0.66867 32.1 447.9     


    5 CP Hr. 5 8,700 450 30 8 412 0.66867 20.1 429.9     


    Avg. 9,280   Avg. 456.2     


Example of 3,000 MW Cap Reached 


www.pjm.com 


When 3,000 MW cap is reached,  NSPL = 466.6 MW and OPL = 462.1 MW. 


466.6/ 10,000 =  


456.2/ 9,280 =  
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Existing Operational Requirements 


• A Non-Retail BTMG that has output that is netted from load for purposes of determining 


LSE’s NSPL & OPL is required to operate at full output during the first 10 times between 


Nov. 1 and Oct. 31 that Maximum Generation Emergency (MGE) conditions occur in the 


zone in which Non-Retail BTMG is located. 


– Applies to MGE condition called for generation or transmission emergencies. 


• Unit outages may not be scheduled from June through September. 


• Except for failures to operate due to scheduled outages from October through May, for 


each MGE condition that Non-Retail BTMG fails to operate, in whole or in part, the amount 


of netting permitted for such unit will be reduced by 10 percent of the amount of MW the 


resource failed to produce. 


• Reductions in netting shall be applied in the succeeding calendar year for NSPL and in the 


succeeding delivery year for OPL. 


 


www.pjm.com 



http://www.pjm.com/

http://www.pjm.com/

http://www.pjm.com/





PJM©2019 19 


Non-Retail BTMG Timeline 


www.pjm.com 
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Performance Evaluation 


www.pjm.com 


Each Non-Retail BTMG that is required to operate during an 


emergency condition is evaluated for performance. 


 


Required output = 100 MW 


Actual output = 50 MW 


Shortfall = 50 MW 


 


Entity’s eligible Non-Retail BTMG netting amount for next CY/DY 


will be reduced by 10 percent * Shortfall or  5 MW 
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Zonal 


Load Hour 


Zonal 


Metered 


Load 


Whole-


sale 


Area 


Actual 


Load 


Operating 


Non-


Retail 


BTMG 


Wholesale 


Area Net 


Metered 


Load 


Ratio 


Adjustment 


Eligible 


Non-


Retail 


BMTG 


Netting 


Amount 


Reduction 


in Eligible 


Non-Retail 


Netting 


Due to 


Fail. to 


Operate 


Wholesale 


Area 


Adjusted 


Net Metered 


Load 


Share of 


Zonal 


Metered 


Load 


Wholesale 


Area 


 NSPL or 


OPL 


NSPL 10,000 1 CP Hr. 10,000 500 50 450 1 50 5 455 0.04550 455 
 


 


WNZP 9,400           0.04821 453.2 


    5 CP Hr. 1 9,700 505 50 455 1 50 5 460     


    5 CP Hr. 2 9,500 490 45 445 1 45 5 450     


    5 CP Hr. 3 9,100 495 35 460 1 35 5 465     


    5 CP Hr. 4 9,400 480 48 432 1 48 5 437     


    5 CP Hr. 5 8,700 450 30 420 1 30 5 425     


    Avg. 9,280   Avg. 447.4     


Example of Reduction in Netting Due to Failure to Operate 


www.pjm.com 


If Non-Retail BTMG fails to operate,  NSPL = 455 MW and OPL = 453.2 MW. 


455/ 10,000 =  


447.4/ 9,280 =  
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Appendix 
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Definitions of BTMG & Non-Retail BTMG 


“Behind The Meter Generation” shall refer to a generating unit that delivers energy to load 


without using the Transmission System or any distribution facilities (unless the entity that owns 


or leases the distribution facilities has consented to such use of the distribution facilities and 


such consent has been demonstrated to the satisfaction of the Office of the Interconnection); 


provided, however, that Behind The Meter Generation does not include (i) at any time, any 


portion of such generating unit’s capacity that is designated as a Generation Capacity 


Resource, or (ii) in any hour, any portion of the output of such generating unit that is sold to 


another entity for consumption at another electrical location or into the PJM Interchange Energy 


Market. 


 


“Non-Retail Behind The Meter Generation” shall mean Behind the Meter Generation that is 


used by municipal electric systems, electric cooperatives, and electric distribution companies to 


serve load. 


www.pjm.com 
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Definition of Maximum Generation Emergency 


Maximum Generation Emergency shall mean an Emergency 


declared by the Office of the Interconnection to address either a 


generation or transmission emergency in which the Office of the 


Interconnection anticipates requesting one or more Generation 


Capacity Resources, or Non-Retail Behind The Meter Generation 


resources to operate at its maximum net or gross electrical power 


output, subject to the equipment stress limits for such Generation 


Capacity Resource or Non-Retail Behind The Meter resource in 


order to manage, alleviate, or end the Emergency. 
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Process Used to Estimate Non-Retail Behind the 


Meter Generation in PJM 


Joseph Mulhern 


Sr. Engineer, Generation 


 


May 14, 2019 
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Categories of Behind the Meter Generation 
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Non-Retail Retail
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Categories of Behind the Meter Generation 
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Categories of Behind the Meter Generation 


Behind the 
Meter 


Generation 
(BTMG) 


Non-Retail BTMG is BTMG that is used by 
municipal electric systems, electric 
cooperatives, or electric distribution 


companies to serve load. 


Retail BTMG is BTMG that is located behind 
a retail electricity customer’s meter and is 
used to serve that retail customer’s load. 


www.pjm.com 


PJM posted list of potential Non-Retail BTMG with March 2019 OC materials, 


based on assumptions described in following slides.  
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U.S. Energy Information Administration  


• The U.S. Energy Information Administration: 


– “collects, analyzes, and disseminates independent and impartial 


energy information to promote sound policymaking, efficient 


markets, and public understanding of energy and its interaction 


with the economy and the environment.” 


• Form EIA-860: 


– “collects generator-level specific information about existing and 


planned generators … at electric power plants with 1 megawatt or 


greater of combined nameplate capacity.” 


www.pjm.com 
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Step 1: Identify BTMG in PJM using EIA-860 Generator File 


www.pjm.com 


Remove PJM wholesale generators and 


generators outside of PJM Balancing Authority  
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Step 2: NRBTMG Classification Based on Sector 


Sector 
PJM 


Classification 


Nameplate 


Capacity 


(MW) 


# of 


Units 


Primary Purpose (as described in 


Form EIA-860 Instructions) 


Commercial CHP* Retail 307.9 99 
“For generators whose primary 


business is an industrial or 


commercial process (e.g., paper 


mills, refineries, chemical plants, 


etc.)” 


Commercial Non-CHP* Retail 258.1 97 


Industrial Non-CHP* Retail 206.2 70 


Industrial CHP* Retail 1523.6 121 


Electric Utility Non-Retail 1118.8 273 “Electric utility plants and 


independent power producers 


whose primary purpose is  


generating electricity for sale” 


IPP CHP* Retail 106.4 30 


IPP Non-CHP* Need more info 1082.2 351 


www.pjm.com 


*CHP = Combined Heat and Power 



http://www.pjm.com/

http://www.pjm.com/

http://www.pjm.com/





PJM©2019 8 


Step 3: NRBTMG Classification Based on Net Metering 


Net 


Metering 


Type 


PJM 


Classification 


Nameplate 


Capacity 


(MW) 


# of 


Units 
Net Metering Agreement Descriptions (as 
described in Form EIA-860 Instructions) 


Net 


Metering 
Retail 168.7 80 


“Part of an arrangement that allows output from 


renewable resources to be credited against a 


customer’s electric bill” 


Virtual Net 


Metering 
Retail 23.2 13 


“Part of a known billing arrangement that allows 


multiple energy customers to receive net metering 


credit from a shared onsite or remote renewable 


energy system much as if it was located behind 


the customer’s own meter” 


Neither Need more info 890.3 258 Neither of the above 


www.pjm.com 


Generators in IPP Non-CHP Sector 
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Step 4: NRBTMG Classification Based on Technology 


Technology 
PJM 


Classification 


Nameplate 


Capacity 


(MW) 


# of Units 


Landfill Gas Non-Retail 117.3 67 


Conventional Hydroelectric Non-Retail 68.5 34 


Conventional Hydroelectric – Some exceptions 


based on research on individual generators 
Retail 2.4 4 


Solar Photovoltaic Need more info 636.8 125 


Other Need more info 65.3 28 


www.pjm.com 


Generators in IPP Non-CHP Sector without Net Metering Agreements 
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Step 5: NRBTMG Classification Based on Capacity 


Nameplate Capacity PJM Classification 
Nameplate 


Capacity (MW) 
# of Units 


Greater than 2.5 MW – Most cases Non-Retail 528.8 74 


Greater than 2.5 MW – Some exceptions 


based on research on individual generators 
Retail 74.4 17 


Less than or equal to 2.5 MW Need more info 98.9 62 


www.pjm.com 


Generators in IPP Non-CHP Sector without Net Metering Agreements 


or Landfill Gas or Conventional Hydroelectric Technology 
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Step 6: NRBTMG Classification Based on Extra Research 


Generator-Specific Research PJM Classification 
Nameplate 


Capacity (MW) 
# of Units 


Generators with evidence indicating they 


provide power to multiple customers 
Non-Retail 33.5 21 


Generators with evidence indicating they 


provide power to on-site users 
Retail 65.4 41 


www.pjm.com 


Generators in IPP Non-CHP Sector without Net Metering Agreements or 


Landfill Gas or Conventional Hydroelectric Technology, less than 2.5 MW 
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Summary of Information Gathered in Each Step 
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Summary of Identified Non-Retail BTMG Technologies 


www.pjm.com 


Solar, 107 


Natural Gas, 
36 


Diesel, 160 


Landfill, 91 


Hydro, 59 


Other, 6 Coal, 6 Wind, 4 


469 NRBTMG Units at Plants ≥ 1 MW 


Solar, 648 


Natural Gas, 
447 


Diesel, 342 


Landfill, 148 


Hydro, 103 


Other, 18 
Coal, 153 


Wind, 7 


1,867 MW NRBTMG at Plants ≥ 1 MW 
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Proposal for Non-Retail BTMG Reporting Process 


• PJM publishes list of potential Non-Retail BTMG based on EIA-860 data 
 


• PJM solicits Network Customers to report Non-Retail BTMG ≥ 0.1 MW 
 


• Network Customer completes Non-Retail BTMG reporting template or 
indicates that there is no Non-Retail BTMG located in their area 


 


• First solicitation targeted for June 1, 2019; responses due July 1, 2019 
 


• PJM presents updated list to OC in August / September timeframe 


Annual 
Reporting 


• Network Customer submits updated reporting template when there is a 
change to the information submitted during the annual reporting process 


 


• New / deactivated units to be reported within one month of in-service / 
deactivation date 


Update 
Reporting 


www.pjm.com 
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Example of Non-Retail BTMG Reporting Template 
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Determination of the Threshold and Cap 


for Non-Retail Behind the Meter Generation 


Operating Committee 


May 14, 2019 
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Non-Retail BtMG Threshold and Cap 


• In 2006, the initial threshold for Non-Retail BtMG was set at 1,500 MW. This threshold 


would then be adjusted each year based on PJM RTO load growth. The current threshold 


is 2,006 MW. 


• In 2006, the initial cap for Non-Retail BtMG was set at 3,000 MW. This cap is not adjusted 


based on load growth, so it remains at 3,000 MW. 


• If total Non-Retail BtMG <= threshold, full load netting is permitted. 


• If threshold < Non-Retail BtMG <= 3,000 MW, load netting is prorated back 


to the threshold. 


• No load netting is permitted for Non-Retail BtMG in excess of the 3,000 MW cap.  
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Why a Threshold and Cap on Non-Retail BtMG? 


• The load associated with Non-Retail BtMG (or any BtMG) is not required to carry 


reserves equal to the 16 percent IRM. The Non-Retail BtMG may lean on the reserves 


of the system when:  


– The Non-Retail BtMG is on a full or partial outage (forced, planned or maintenance) 


– The load exceeds the rating of the BtMG (the load is greater than the 50/50 


expected load). 


• Therefore, adding any load to PJM without IRM reserves will degrade reliability to worse  


than 1 in 10 (increase loss of load expectation (LOLE) to greater than 0.1 days/year). 
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Why a Threshold and Cap on Non-Retail BtMG? 


• To accommodate some level of Non-Retail BtMG, the 2006 Settlement 


allows the PJM LOLE to be relaxed from 1 in 10 to 1 in 9.5 years (or the 


LOLE to be increased from 0.10 days/year to 0.105 days/year). 


• The 2006 analysis indicated that 1,500 MW of Non-Retail BtMG could be 


accommodated at an LOLE of 0.105 days/year. 
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Current LOLE Analysis of Non-Retail BtMG  


• PJM computed the system LOLE as the amount of Non-Retail BtMG was increased from  


0 MW to 5,000 MW. 


• Non-Retail BtM generators were represented by a series of 10 MW units. 


• Three curves were derived based on three assumed values of the equivalent demand 


forced outage rates (EFORds) of the BtM generators: 


– 0 percent EFORd 


– 5 percent EFORd 


– 10 percent EFORd 


• The 5 percent EFORd curve indicates that adding 2,000 MW of Non-Retail BtMG would 


increase the system LOLE from 0.10 days/year to 0.105 days/year. Note that this  


2,000 MW value is nearly identical to the current threshold of 2,006 MW.  
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BtMG vs. System LOLE 
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Non-Wholesale Distributed Energy Resources 
Data Collection 


Joseph Mulhern 
Sr. Engineer, Generation 
 
May 14, 2019 
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Categories of Behind the Meter Generation 
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Categories of Behind the Meter Generation 
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Vision for Enhancing Visibility of BTMG 


≥ 1 MW 
Adding to 


Dispatch maps 


Including in 
PCLLRW reports 


≥ 10 MW 
Modeling in EMS 


Obtaining real-
time telemetry 
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Background 


• In 2018, the Distributed Energy Resources Subcommittee 
discussed increasing visibility of Non-Wholesale DER units 
– Non-Wholesale DER is synonymous with BTMG 


• Process for data collection and coordination was endorsed 
through stakeholder process: 
– PJM will use publicly available data to identify relevant plants 
– TOs will submit additional modeling data outlined in Manuals 14D 


• Modeling information: Substation, voltage, PJM equipment name 
• Telemetry links for plants with capacities ≥ 10 MW 
• Other optional information, including contact information 


www.pjm.com 
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EIA-860 Generator File used as Data Source 


www.pjm.com 


Remove PJM wholesale generators and 
generators outside of PJM Balancing Authority  
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BTMG Statistics in PJM 


www.pjm.com 


Solar, 309 


Natural Gas, 
228 


Diesel, 200 


Landfill, 94 


Hydro, 82 


Biomass, 51 


Other, 29 
Coal, 26 Wind, 22 


1,041 Units at Plants ≥ 1 MW 


Solar, 1,056 


Natural Gas, 
1,468 


Diesel, 408 Landfill, 152 


Hydro, 214 


Biomass, 582 


Other, 
333 


Coal, 353 


Wind, 38 


4,603 MW at Plants ≥ 1 MW 


Source: EIA 860 
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DER Directory 
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Timeline 


• 2018 Efforts 
– Work with stakeholders to make manual changes 
– Collect contact information for resources from each TO 
– Create training materials 
– Upload data to DER Directory 


• 2019 Efforts 
– Work with remaining TOs to identify resources and obtain access 
– Support TOs as needed throughout data entry process 
– Collect all required data 
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Categories of Behind the Meter Generation 
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Categories of Behind the Meter Generation 
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Short-Term Forecast Types 


5-minute granularity for next 6 hours 


Hourly granularity for next 7 days 


Load 


By Zone 


Wind 


Grid-
Connected by 


Farm 


Solar 


Grid-
Connected by 


Park 


Behind-the-
Meter by Zone 
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Two Categories of Generation 


PJM Grid-Connected Behind the Meter 


Owned by PJM Members Owned by individuals or non-members 


Participate in PJM wholesale markets Do not participate in PJM markets 


Data sent to PJM in queue process Some limited public data available 


Send real-time output data to PJM Only some send real-time data to PJM 


www.pjm.com 


High visibility  Moderate visibility  
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Differences Between Grid-Connected and BTM Forecasts 


PJM Grid-Connected 
Behind-the-Meter / 


Non-Wholesale DER 


Most granular 


forecast 
Individual site PJM Transmission Zone 


Data source Resource owner 
Generator Attribute Tracking 


System 


Static data used 


in forecast 


Installed AC and DC capacities Installed DC capacity 


Location Location 


Fixed vs. tracking status and related details 


Panel make and model 


Dynamic data 


used in forecast 


MW telemetry N/A 


Solar irradiance 


Back panel temperature 
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Generator Attribute Tracking System 
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• Managed by PJM Environmental Information Systems 


• Database of renewables, including individual rooftop solar units 



http://www.pjm.com/

http://www.pjm.com/

http://www.pjm.com/





PJM©2019 8 


0


500


1000


1500


2000


2500


3000


3500


4000


4500


5000


NJ NC MD VA PA OH DE IL DC KY IN MI WV TN


Ten Years of Renewable Growth in PJM 


www.pjm.com 


Source: GATS 


0


500


1,000


1,500


2,000


2,500


3,000


3,500


4,000


4,500


5,000


2009 2011 2013 2015 2017 2019


In
s
ta


ll
e
d


 C
a
p


a
c
it


y
 (


M
W


D
C


) 


PJM Grid-Connected Solar 


0


500


1,000


1,500


2,000


2,500


3,000


3,500


4,000


4,500


5,000


2009 2011 2013 2015 2017 2019


In
s
ta


ll
e
d


 C
a
p


a
c
it


y
 (


M
W


D
C


) 


Behind-the-Meter Solar 



http://www.pjm.com/

http://www.pjm.com/

http://www.pjm.com/





PJM©2019 9 


Timeline of Solar Forecast Activities and Improvements 


2016 


• Collect solar park data from Generation Owners 


• Initiate BTM and grid-connected forecasts 


2017 


• Enhance data requirements in Manual 14D 


• Share forecasts with Members through Markets Gateway and Data Viewer 


2018 


• Evaluate methods for integrating BTM forecast into load forecast 


• Implement best performing method into Dispatch tools and processes 


2019 


• Identify opportunities for improving data gathering processes  


• Study impact of BTM on power flow to enhance transmission analysis 


www.pjm.com 


Applicable to Behind-the-meter forecast  Applicable to Grid-connected forecast  
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Timeline of Solar Forecast Activities and Improvements 


2016 


• Collect solar park data from Generation Owners 


• Initiate BTM and grid-connected forecasts 


2017 


• Enhance data requirements in Manual 14D 


• Share forecasts with Members through Markets Gateway and Data Viewer 


2018 


• Evaluate methods for integrating BTM forecast into load forecast 


• Implement best performing method into Dispatch tools and processes 


2019 


• Identify opportunities for improving data gathering processes  


• Study impact of BTM on power flow to enhance transmission analysis 


www.pjm.com 


Applicable to Behind-the-meter forecast  Applicable to Grid-connected forecast  
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Load forecasting 
challenges 


Transmission 
congestion risks 


Increased flexibility 
needs 


Challenges of Increased BTM Solar Penetration 
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Behind-the-Meter Solar Impacts on Zonal Load 
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Behind-the-Meter Solar Impacts on Zonal Load 
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Zone 5 


Average March Load for Zones with High BTM Solar 
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Changes in Daily Load Shapes 
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RTO load shape is not representative of load in areas with high BTM solar 
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Methods of Accounting for BTM Solar in Load Forecast 


• Reconstituted Load: retraining the existing model(s) to forecast 


total power used by adding historic measured load and 


estimated BTM generation, then subtracting forecasted BTM 
 


• Error Correction: manually modifying the existing model(s) by 


adding or subtracting some of the BTM forecast 
 


• Direct Modeling: adding forecasted BTM as an input variable 


using new forecast model type 
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Reconstituted Load Method 
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Sun Mon Tues Wed Thu Fri Sat


Measured Load + BTM Solar = Reconstituted Load 


Measured Load BTM Solar


Train models to forecast total power used instead of net 


load, then adjust for forecasted BTM output 
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Sunny Day 
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Load Forecast Models for Zone with High BTM Solar Penetration 
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Cloudy Day 
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Load Forecast Models for Zone with High BTM Solar Penetration 
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Results from 2017 Test Data 
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Results from 2017 Test Data 
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Current Practices 


• Load forecast models using Reconstituted Load method are 


presented to PJM Dispatcher with other load forecast models 


• Dispatcher uses data and experience to manually adjust 


forecast, which begins as automated composite, for current and 


next day 


• Evaluate performance of Reconstituted Load forecasts after the 


fact 
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Next Steps 


• Based on performance, modify default composite weights to 


include Reconstituted Load forecasts 


• Explore availability of real-time BTM data to validate accuracy 


• Assess potential value of sub-zonal load forecasts and/or 


individual BTM site forecasts to enhance transmission analysis 


www.pjm.com 



http://www.pjm.com/

http://www.pjm.com/

http://www.pjm.com/




_1620652021.pdf


PJM©2019 


Grid-Connected and Behind-the-Meter Forecast 


Education 


Elizabeth Anastasio 


Joseph Mulhern 


 


April 9, 2019 


www.pjm.com 



http://www.pjm.com/

http://www.pjm.com/





PJM©2019 2 


Ten Years of Renewable Growth in PJM 
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Ten Years of Renewable Growth in PJM 
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PJM Renewable Statistics 


www.pjm.com 


0%


2%


4%


6%


8%


10%


12%


14%


3/31/18
15


11/4/18
12


4/6/18
15


5/2/18
12


10/20/18
13


10/17/18
11


1/9/19
02


12/28/18
02


10/28/18
13


11/25/17
12


Ten Days with Greatest Renewable Penetration in PJM 


% Wind % PJM Solar % BTM Solar



http://www.pjm.com/

http://www.pjm.com/

http://www.pjm.com/





PJM©2019 6 


Challenges of Increased BTM Penetration 
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Load 
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challenges 


Transmission 
congestion 


risks 


Increased 
flexibility 
needs 
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Changes in Daily Load Shapes 
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Short-Term Forecast Types 


5-minute granularity for next 6 hours 


Hourly granularity for next 7 days 


Load 


By Zone 


Wind 


Grid-
Connected by 


Farm 


Solar 


Grid-
Connected by 


Park 


Behind-the-
Meter by Zone 
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Benefits of Solar and Wind Forecasting 
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Behind-the-meter 


solar forecasts  


Better net load 


forecasts 


Grid-connected solar 


and wind forecasts 


 


More efficient generation dispatch 
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Two Categories of Generation 


PJM Grid-Connected 
Behind-the-Meter / 


Non-Wholesale DER 


Owned by PJM Members Owned by individuals or non-members 


Participate in PJM wholesale markets Do not participate in PJM markets 


Data sent to PJM in queue process Some limited public data available 


Send real-time output data to PJM Only some send real-time data to PJM 


www.pjm.com 


High visibility  Moderate visibility  
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Data Requirements for Grid-Connected Solar and Wind 


www.pjm.com 


Critical for establishing and tuning forecasts 


Static data – provided during 
interconnection process 


• Installed capacity of plant (MW) 


• Coordinates of hardware and 
meteorological sensor(s) 


• Manufacturer and model of 
photovoltaic panels / wind turbines 


• Other characteristic data i.e. angle of 
solar panels  


Dynamic data – setup completed 
during interconnection process 


• Real-time MW / MVAR telemetry 


• Real-time meteorological data (i.e. 
solar irradiance, wind speed) 


• Plant outages 
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Solar Forecast Displays 


Stakeholder visibility 
 


• Aggregate wholesale and non-wholesale 


solar output through end of next day 
 


• Hourly, unit specific forecast available to 


unit owners through online markets tool  


Operator visibility 
 


• Aggregate wholesale and non-wholesale output 


for RTO and zones with highest penetrations 
 


• Hourly, unit specific forecast available through 


desktop tool  
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Wind Forecast Displays 


Operator visibility 
 


Stakeholder visibility 
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Load Forecasting Tools 


• Neural 


Networks 


• Pattern 


Matching 


Algorithms 


• Ensemble 


Models 
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Best performing 
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Why is Short-Term Load Forecasting Important? 
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Postings for PJM Members, via 


Data Miner 2 and Data Viewer 


PJM Operations and Markets 


functions, via in-house tools 


From Dispatch LoadCast tool, load forecast is used for… 


Balancing load and generation, via 


Security Constrained Economic Dispatch 


Multitude of PJM’s core functions drive need for accurate short-term load forecast 


• Day-ahead unit commitment 


• Maintenance margin calculations 


• Approving generation and transmission 


equipment outage requests  
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Behind-the-Meter Solar Impacts on Zonal Load 
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Behind-the-Meter Solar Impacts on Zonal Load 
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Timeline of Solar Forecast Activities and Improvements 


2016 


• Collect solar park data from Generation Owners 


• Initiate BTM and grid-connected forecasts 


2017 


• Enhance data requirements in Manual 14D 


• Share forecasts with Members through Markets Gateway and Data Viewer 


2018 


• Evaluate methods for integrating BTM forecast into load forecast 


• Implement best performing method into Dispatch tools and processes 


2019 


• Identify opportunities for improving data gathering processes  


• Study impact of BTM output on power flow 
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Applicable to Behind-the-meter forecast  Applicable to Grid-connected forecast  
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Emergency Procedures 
Operating Committee  


4/9/2019 


4/9/2019 PJM©2019 1 


Frank Hartman 


Sr. System Operator Trainer 


PJM System Operator Training 







• Manual for Emergency Operations 


• Focuses on how PJM and PJM Members are 
expected to respond to emergency conditions 


• Is the designated PJM RC, BA and TOP 
Operating Plan to mitigate operating 
Emergencies per EOP-011 


PJM Manual 13 


2 PJM©2019 4/9/2019 







• 4 levels of emergency procedures: 


 


 


• Most Advisories, Alerts, Warnings and Actions are communicated via: 


‒ PJM ALL-CALL 


‒ Posted to various PJM websites 


• Advisories and Alerts are issued in advance of the operating day 


• Warnings and Actions are issued during the operating day 


 


Emergency Procedures Introduction 
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Actions Warnings Alerts Advisory 







• The PJM dispatcher has the flexibility to: 


‒ Implement emergency procedures in whatever order is required 


‒ Exit the emergency procedures in a different order than they are 
implemented when necessary 


• PJM members are expected to implement all emergency  
procedures immediately 


‒ Desired relief expected within 30 minutes, unless directed otherwise 


Emergency Procedures Introduction 
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Emergency procedure comparison 


2006 vs. 2019 


• Capacity related 
emergency procedure 
changes since 2006. 







Performance Assessment Interval 


4/9/2019 PJM©2019 6 


A Capacity Performance Assessment occurs when one of eleven specific emergency procedures are initiated by PJM 
system operators.  PJM calculates (after-the-fact) the actual performance of capacity resources evaluating real-time 
production versus their UCAP position, results in bonus payments or penalty charges.   
 


“How well you’re doing versus what you’re committed to do?” 
 
The interval means this assessment occurs every 5 minutes during the assessment period. 
 
From M-13: 
 
 







Performance Assessment Interval Triggers 


(Steps 1-10 in Sections 2 of Emergency Procedures Manual 13) 


Pre-Emergency Load Management Reduction Action (30, 60 or 120 minute)  


Emergency Load Management Reduction Action (30, 60 or 120 minute)  


Primary Reserve Warning  


Maximum Generation Emergency  


Emergency Voluntary Energy Only Demand Response Reductions  


Voltage Reduction Warning  


Curtailment of Non-Essential Building Load  


Deploy All Resources Action  


Manual Load Dump Warning  


Voltage Reduction Action  


Manual Load Dump Action 


  


Warnings 


Actions 
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Emergencies 
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• Capacity Shortages 


• Transmission Emergencies 
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Capacity Emergencies 
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• Purpose 


Warning that available Primary reserves are less than required Primary  


Reserve Requirement and present operations are becoming critical 


• Trigger 


Primary Reserve is less than Primary Reserve Requirement but greater than  


Synchronized Reserve Requirement 
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Primary Reserve Warning 







Voltage Reduction Warning 
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• Purpose 


Warning that available Synchronized Reserves are less than required and present 


operations may require a voltage reduction. All secondary and primary reserve* is brought 


to a Synchronized Reserve status and emergency operating capacity is scheduled from 


adjacent systems 


• Trigger 


Synchronized Reserves are less than the Synchronized Reserve Requirement and 


present operations may require a voltage reduction 
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Voltage Reduction Warning 







Manual Load Dump Warning & Curtailment of non-essential building load 
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Curtailment of Non-Essential Building Load 


Purpose:   


Provide additional relief, to be expedited prior to, or at the same time as the Voltage 


Reduction Action 


Trigger: 


In anticipation or activation of Voltage Reduction Action   
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Manual Load Dump Warning & Curtailment of non-essential building load 
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Manual Load Dump Warning 


Purpose:   


Warn Member Companies of increasingly critical system conditions that may require manually 


dumping load 


 


Trigger:   


When the Primary Reserve is less than the largest operating generating unit, or the loss of a 


transmission facility jeopardizes reliability after all possible measures have been taken to 


increase reserves 
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Pre-Emergency Load Management Reduction Action 
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Purpose:  
 


To provide additional load relief by using PJM controllable load management programs  
(Relief is expected to be required after initiating Maximum Emergency Generation) 
 


• Applies to any site registered in the PJM Demand Response Program as a Demand 
Resource  
(a.k.a. DR) type that needs 30, 60 or 120 minute lead time to make its reductions 
 


• Reductions are mandatory when dispatched during the product availability window  
 


• Minimum dispatch duration is 1 hour 
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Emergency Load Management Reduction Action 
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Purpose:  
 


To provide additional load relief by using PJM controllable load management programs  
(Relief is expected to be required after initiating Maximum Emergency Generation) 
 


• Applies to any site registered in the PJM Demand Response Program as a Demand 
Resource  
(a.k.a. DR) type that needs 30, 60 or 120 minute lead time to make its reductions 
 


• Reductions are mandatory when dispatched during the product availability window  
 


• Minimum dispatch duration is 1 hour 
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• Purpose: 


To increase generation above the maximum 


economic level 


• Trigger:   


Real-time Generation is needed to meet the 


load demand that is greater than the highest 


incremental cost level 


Maximum Generation Emergency Action 







    Emergency Voluntary Energy Only Demand Response Reduction Action 
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Purpose:   


Request end-use customers who participate in the Emergency Voluntary Energy Only Demand 


Response program to reduce load during emergency conditions 


 


Trigger:  


Additional load relief is still needed 


 


Program criteria: 


Any site registered in the PJM Demand Response Program as an emergency energy only resource 


Reductions are strictly voluntary 
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Deploy All Resources Action 
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Purpose:   


To instruct members that all generation resources are needed online and at full output, and all 


demand resources are to be reduced immediately upon receipt of dispatch instruction 


 


Trigger:   


When unplanned events such as the loss of a transmission or generating facility have resulted in 


reliable operations being jeopardized   
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Voltage Reduction Action 
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Purpose:   


To reduce voltage on the distribution system in order to reduce demand to provide a sufficient 


amount of reserve to maintain tie flow schedules and preserve limited energy sources 


 


Trigger:   


Load relief still needed to maintain ties  


 


Voltage Reduction: 


Voltage is reduced at distribution levels by 2.5% to 5% of nominal values depending on the area 


Produces a 2-3% decrease in system load increasing transmission voltages  


Generally not being noticed by customers  (lights dimmer, slower heating) 
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Manual Load Dump Action 
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Purpose:   


The Manual Load Dump Action is an Operating Instruction from PJM to shed firm load 


 


Trigger:  


To shed firm load When the PJM RTO cannot provide adequate capacity to meet the PJM RTO’s 


load and tie schedules, or  


Critically overloaded transmission lines or equipment cannot be relieved in any other way 
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Transmission Emergencies 
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Performance Assessment Interval Triggers 


(Steps 1-10 in Sections 5.7 – Load Shed Directive - of Emergency Procedures Manual 13) 


Pre-Emergency Load Management Reduction Action (30, 60 or 120 minute)  


Emergency Load Management Reduction Action (30, 60 or 120 minute)  


Primary Reserve Warning  


Maximum Generation Emergency  


Emergency Voluntary Energy Only Demand Response Reductions  


Voltage Reduction Warning  


Curtailment of Non-Essential Building Load  


Deploy All Resources Action  


Manual Load Dump Warning  


Voltage Reduction Action  


Manual Load Dump Action 


  


Warnings 


Actions 
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Emergency Procedures - Web Site 


Emergency Procedures can be viewed from the PJM Homepage (above) 
(Access also available from Data Viewer or Markets Gateway) 
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http://www.pjm.com/
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• Maintain the integrity of the PJM RTO transmission systems 
and the Eastern Interconnection 


• Several types of emergencies 


• Posted to the Emergency Procedures website 


 


Summary 
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http://www.pjm.com/-/media/documents/manuals/m13.ashx
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Agenda 


Model Compare 


Online Training for Transmission Owners 


Cut-in Process and Compliance Displays 


Operations Summary - Rosetta Tool 


Planning Perspective 



http://www.pjm.com/

http://www.pjm.com/

http://www.pjm.com/
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Static Model Compare 


    Lines   Transformers 


Ratings  Impedance Ratings Impedance 


2016 


2017 


2018 


www.pjm.com 



http://www.pjm.com/

http://www.pjm.com/

http://www.pjm.com/
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Online Modeling Training for Transmission Owners 


• Clearly outlines PJM process from planning 
to energization 


 
• Provides information to the Transmission Owner 


on timelines and deliverables 
 
• Provides PJM contacts at each point in the process 


• PJM.com > Planning > RTEP 
Development  


• PJM.com > Planning > Design, 
Engineering & Construction 


• PJM.com > Planning > Modeling Data 
• PJM.com > Markets & Operations > 


System Operations 



http://www.pjm.com/

http://www.pjm.com/

http://www.pjm.com/

https://www.pjm.com/planning/rtep-development.aspx

https://www.pjm.com/planning/rtep-development.aspx

https://www.pjm.com/planning/design-engineering.aspx

https://www.pjm.com/planning/design-engineering.aspx

https://www.pjm.com/planning/rtep-development/powerflow-cases.aspx

https://www.pjm.com/markets-and-operations/ops-analysis.aspx

https://www.pjm.com/markets-and-operations/ops-analysis.aspx
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Cut-In Process and Compliance Displays 


Cut-In Process (2016) 
• Ensure critical tasks are completed prior to placing new equipment in service 
• Tool pulls information from eDART and PJM EMS to assist engineers  
• Cross-departmental effort 
• Provides dispatch with a ‘go/no-go’ status to energize equipment 


Compliance Displays (2017) 


• Backstop for Cut-in Process 
• Display accessible to dispatchers from main monitor screen 
• Displays energized facilities which are not being screened for properly 
• Ensures compliance with various NERC standards 



http://www.pjm.com/

http://www.pjm.com/

http://www.pjm.com/
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Network Model Alignment Summary 
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Rosetta Tool 


Visualization 


Attributes 


Mapping 



http://www.pjm.com/

http://www.pjm.com/

http://www.pjm.com/
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Static Model Compare 


    Lines    Transformers    Bus 


Ratings  Impedance Flow Ratings Impedance Voltage 


2016 


2017 


2018 


www.pjm.com 



http://www.pjm.com/

http://www.pjm.com/

http://www.pjm.com/
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Steady-State Model Validation Process 


www.pjm.com 


EMS PSS/E format 
Snapshot 


(summer peak) 


MOD Base  
Case model  


Replace Planning 
External model with 
EMS outside model 


Topology 
Mapping 


Confirm with  
TO / Feedback 


to EMS 


Update  
EMS model 


EMS model correction 


Planning modeling correction 


Project file for Model 
On Demand 


Adjust Planning  
case to match EMS 


snapshot 


Compare MW flow for 
major branches and 


bus voltages 


Root analysis Yes 


All  
differences are 


acceptable? No End 



http://www.pjm.com/

http://www.pjm.com/

http://www.pjm.com/
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Initial Comparison Result for July 19, 2017 Case 
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765 kV MW Comparison 


Planning Case MW Flow 


345 kV MW Comparison 
EMS Case MW Flow 
 


Planning Case MW Flow 


500 kV MW Comparison 
EMS Case MW Flow 
 


Planning Case MW Flow 


230 kV MW Comparison 
EMS Case MW Flow 
 


Planning Case MW Flow 
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Final Comparison Results Example for July 19, 2017 Case  
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765 kV MW Comparison 


345 kV MW Comparison 


500 kV MW Comparison 


230 kV MW Comparison 


Planning Case MW Flow 


EMS Case MW Flow 
 


Planning Case MW Flow 


Planning Case MW Flow 


EMS Case MW Flow 
 


EMS Case MW Flow 
 


EMS Case MW Flow 
 


Planning Case MW Flow 



http://www.pjm.com/

http://www.pjm.com/
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Additional Alignment Opportunities 


www.pjm.com 


Quarterly Planning –  
Operations meeting 


Informal communication 
between Operations and 


Planning as discrepancies are 
discovered or concerns arise 


Case compare process 
(Rosetta) 


between Operations and 
Planning cases to be  


completed twice per year 



http://www.pjm.com/

http://www.pjm.com/

http://www.pjm.com/
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