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Introduction 

The PJM system covers more than 369,000 square miles in 13 states and the District of Columbia.  Serving 

approximately 65 million people, the PJM system includes major U.S. load centers from the western border of Illinois 

to the Atlantic coast including the metropolitan areas of Baltimore, Chicago, Cleveland, Columbus, Dayton, Newark, 

Norfolk, Philadelphia, Pittsburgh, Richmond, and Washington D.C.  PJM dispatches more than 180,000 megawatts of 

generation capacity over more than 84,000 miles of transmission lines ï a system that serves nearly 21 percent of 

the U.S. economy.  The PJM system is electrically continuous and consists of multiple electrical service territories.  

PJMôs Bulk Electric System (BES) includes a robust network of 765kV, 500kV, 345kV, 230kV, 161kV, 138kV, and 

115kV facilities.  The map below depicts the PJM service territory footprint overlaid with PJM high voltage lines 

operated at 345 kV and above. 

 

Map 1. Existing PJM 345 kV, 500 kV, and 765 kV Network 
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As a Federal Energy Regulatory Commission (FERC) approved Regional Transmission Organization (RTO), one of 

PJMôs core functions encompasses regional transmission planning.  PJM is also a North American Electric Reliability 

Corporation (NERC) registered Reliability Coordinator, Planning Coordinator, and Transmission Planner.  PJMôs 

annual planning process is known as the PJM Regional Transmission Expansion Plan (RTEP).  The RTEP process is 

established in the PJM Operating Agreement ï Schedule 6 ï Regional Transmission Expansion Planning Protocol.  

The RTEP processes and procedures are described in detail in the PJM Regional Transmission Planning Process 

Manuals.  PJM Manual 14B ï PJM Region Transmission Planning process contains the process used to complete 

the annual baseline reliability assessment.   

 

PJMôs Regional Transmission Expansion Plan (RTEP) identifies transmission upgrades and enhancements that are 

required to preserve the reliability of the transmission system.  The PJM system is planned such that it can be 

operated to applicable System Operating Limits (SOL) while supplying projected customer demands and projected 

firm transmission service over a range of forecast system demands under contingency conditions that have a 

reasonable probability of occurrence. PJM reliability planning encompasses a comprehensive series of detailed 

analyses that ensure reliability and compliance under the most stringent of the applicable NERC, Regional Entity 

(RFC or SERC as applicable), PJM, and local criteria. To accomplish this each year, a baseline assessment is 

completed for applicable facilities over the near term (1-5 years) and longer term (years 6-15).  All Bulk Electric 

System (BES) facilities are included in the RTEP baseline assessment process as required by NERC Standards. 

 

PJM is registered with the North American Electric Reliability Corporation (NERC) as the Reliability Coordinator (RC), 

Interchange Authority (IA), Transmission Operator (TOP), Balancing Authority (BA), Planning Coordinator (PC), 

Transmission Planner (TP), Transmission Service Provider (TSP), and Resource Planner (RP).  There are multiple 

transmission zones within PJM.  Table 1 lists individual transmission zones in the PJM footprint.  A few smaller PJM 

transmission owners are modeled within another larger PJM transmission area and are not explicitly listed on this 

table.  A few examples of this are Neptune Regional Transmission System LLC, Linden VFT LLC, and Essential 

Power/Rock Springs. 

https://www.pjm.com/
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AP Allegheny Power System, Inc. 

AE Atlantic Electric 

AEP American Electric Power Co., Inc. 

ATSI American Transmission Systems, Inc. 

BG&E Baltimore Gas & Electric Co. 

CE Commonwealth Energy System 

DAY Dayton Power and Light Co 

DEO&K Duke Energy Ohio and Kentucky 

DLCO Duquesne Light Co 

DP&L Delmarva Power and Light Co 

EKPC Eastern Kentucky Power Cooperative  

ITCI ITC Interconnection 

JCP&L Jersey Central Power and Light 

METED Metropolitan Edison Co 

OVEC Ohio Valley Electric Corporation 

PECO PECO Energy Co. 

PENELEC Pennsylvania Electric Co 

PEPCO Potomac Electric Power Co. 

PPL PPL Electric Utilities 

PSE&G Public Service Electric and Gas Company 

RECO Rockland Electric Company 

UGI UGI Utilities Inc. 

DVP Virginia Power (Dominion) 

Table 1. PJM area Transmission Zones 

https://www.pjm.com/
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PJM is interconnected with neighboring systems and has over 100 BES transmission ties to these adjacent systems.  

Table 2 lists PJMôs neighboring systems and associated entities. PJM coordinates planning analyses with adjacent 

Planning Coordinators and Transmission Planners to ensure that contingencies on adjacent systems are studied as 

part of PJMs RTEP process. 

 

ALTE Alliant Gas and Electric ï East 

ALTW Alliant Gas and Electric ï West 

AMIL Ameren Illinois 

AMMO Ameren Missouri 

BREC Big Rivers Electric Corporation 

CPLE Carolina Power and Light Company - East 

CPLW Carolina Power and Light Company - West 

DEI Duke Energy Indiana 

DUKE Duke Energy Carolinas 

IPL Indianapolis Power and Light Company 

ITCT International Transmission Company 

LAGN Louisiana Generating Company 

LGEE LGE Energy 

LIPA Long Island Power Authority 

MEC MidAmerican Energy 

METC Michigan Electric Transmission Co. 

National Grid National Grid 

NIPS  Northern Indiana Public Service Company 

NYISO New York ISO 

OMU Owensboro Municipal Utilities 

ORU Orange & Rockland 

SMT Brookfield/Smoky Mountain Hydropower LLC 

SIGE Southern Indiana Gas & Electric Company 

TVA Tennessee Valley Authority 

WEC Wisconsin Electric Power Company 

 
Table 2. PJM Neighboring Systems 

https://www.pjm.com/
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The PJM RTEP process requires that cost responsibility for facility enhancements be established.  In order to 

establish a starting point for development of Regional Transmission Expansion Plans and determine cost 

responsibility for expansion facilities, a óbaselineô assessment of system adequacy and security is necessary.  The 

purpose of this assessment is threefold: 

 

1. To identify areas where the system as planned under previous assessments does not meet 

the applicable reliability criteria and standards as a result of load increases on the system or 

changes to methodologies associated with the analyses.      

2. To develop and recommend facility expansion plans which will bring areas where the system 

does not meet performance requirements specified in an applicable standard into compliance. 

These plans include cost estimates and required in-service dates. 

3. To establish what will be included as baseline costs in the allocation of the costs of expansion 

for those generation and merchant transmission projects proposing to connect to the PJM 

system. 

 

The system as planned is evaluated for its compliance with all applicable reliability standards to accommodate the 

forecast demand, committed resources, and commitments for firm transmission services for a specified time frame.  

Areas that are found to not meet applicable reliability criteria are identified and enhancement plans are developed to 

achieve compliance within an identified timeframe.  The lead time necessary to implement the system enhancement 

is considered as part of the overall plan.  In addition, the status and progress of each upgrade is tracked closely to 

ensure that the required in-service dates are met. 

 

The óbaselineô assessment and the resulting expansion plans serve as the base system for the conduct of 

Interconnection Feasibility Studies and System Impact Studies associated with new generation, merchant 

transmission and long term firm transmission service.  The interconnection process is described by Manual 14A:  

Generation and Transmission Interconnection Process.  This report details the results of the óbaselineô assessment 

from 2020 through 2035 for the PJM footprint. 

https://www.pjm.com/
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Executive Summary 

PJM is responsible for the development of a Regional Transmission Expansion Plan (RTEP) for the PJM system that 

will meet the needs of the region in a reliable, economic and environmentally acceptable manner.  As further 

described in following portions of this assessment, the PJM RTEP combines a broad set of analysis into a single 

plan.  The annual RTEP process consists of a baseline reliability review, analysis to identify the transmission needs 

associated with both generation interconnection and merchant transmission, review of conditions experienced in real 

time operations, inter-regional reliability analysis, and many other special studies.  The RTEP incorporates the unique 

needs identified by in-depth thermal, stability, short circuit, and voltage reliability analysis.  PJM ensures a robust and 

comprehensive annual RTEP by incorporating all of these diverse needs into a single plan. 

The annual RTEP planning assessment includes a comprehensive review of PJM Bulk Electric System (BES) 

facilities as required by NERC standards TPL-001-4.  PJM maintains a series of power flow, short circuit and stability 

cases that represent a range of critical system conditions for a range of forecast demand levels and study years.  The 

annual RTEP baseline analysis performs the following tests at a minimum to ensure NERC TPL compliance:   

1) Thermal Analysis 

a)  Normal system (all facilities in service), single, and multiple contingency analysis as required by NERC TPL 

standards  

b)  Generation deliverability analysis, as described in PJM Manual 14B Section 2 RTEP Process 

c)  Common mode outage procedure analysis, as described in PJM Manual 14B Section 2 RTEP Process 

d)  Load deliverability analysis, as described in PJM Manual 14B Section 2 RTEP Process 

e)  N-1-1 analysis 

f)  Light Load Reliability Analysis 

g)  Winter Reliability Analysis 

h)  15 Year Analysis 

i)  Transfer Limit Analysis 

2)  Short Circuit fault duty analysis 

3)  Voltage Analysis 

a)  Voltage limit testing, including voltage magnitude and voltage drop monitoring for many of the test methods 

listed above for the thermal analysis 

b)  Voltage collapse, including non-convergent events 

c)  PV analysis, including Transfer Limits 

4)  Stability Analysis 

a)  Transient stability (short and long term) 

b)  Small signal stability (oscillations) 

c)  Voltage Stability 

d)  Nuclear Plant Interface Requirements (NPIR) 

https://www.pjm.com/
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PJM also studies, requests for new generation, merchant transmission, and long term firm transmission service.  The 

process for studying these requests is described in PJM Manual 14A. In Calendar year 2020, PJM completed 594 

system impact studies to accommodate new generation, merchant transmission, and long term firm transmission 

service.  The 2020 RTEP includes any upgrades associated with the queue projects that are required to maintain the 

reliability of the PJM system. 

1) New Services Queue Analysis 

a)  Generation interconnection  

b)  Merchant transmission  

c)  Yearly long term firm transmission service  

 
Information related to the generation, merchant transmission, and yearly long term firm transmission service request 

queues can be found on the PJM website at the following link. 

https://www.pjm.com/planning/services-requests/interconnection-queues.aspx 

Information that is posted on the PJM website includes the status of the New Services Queues, as well as the 

technical study reports.  The technical reports include the feasibility, impact, and facility study reports.  PJM 

agreements such as interconnection service agreements (ISA) and interconnection construction service agreements 

(CSA) are also posted on the website. 

 

PJM coordinates inter-regional activities with neighboring systems pursuant to PJMôs Tariff and interregional 

agreements.  PJM participated in several inter-regional studies as part of the 2020 RTEP.  

 

PJM coordinates inter-regional activities with neighboring systems pursuant to PJMôs Tariff and interregional 

agreements.  PJM annually participates in a wide range of inter-regional groups and committees.  Several significant 

efforts in 2020 are listed below. 

 
1) Inter-regional planning groups 

a) Independent System Operator / Regional Transmission Organization (ISO/RTO) Council (IRC)  

b) Eastern Interconnection Planning Collaborative (EIPC): Planning Coordinators of the Eastern 

Interconnection 

i) 2020 High Renewables Study 

ii) State of the Grid Report 

c) Joint Operating Agreement with New York ISO (NYISO) and Joint Operating Agreement with Mid-Continent 

ISO (MISO) 

i) Joint ISO/RTO Planning Committee (JIPC) activities pursuant to the PJM/NYISO/ISO-NE Northeast 

Planning Coordination Protocol 

(1) Interregional Planning Stakeholder Advisory Committee (IPSAC) ï Reliability and Market Efficiency 

Analysis  

ii) Joint RTO Planning Committee (JRPC) activities pursuant to the MISO/PJM Joint Operating Agreement 

https://www.pjm.com/
https://www.pjm.com/planning/services-requests/interconnection-queues.aspx
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(1) Interregional Planning Stakeholder Advisory Committee (IPSAC) ï Reliability and Market Efficiency 

Analysis 

d) Southeastern Regional Transmission Planning: (SERTP)  

i) Joint Operating Agreement with Duke Energy Progress (DEP) 

ii) Joint Operating Agreement with Tennessee Valley Authority (TVA) 

e) Joint Reliability Coordination Agreement between PJM and TVA 

f) North Carolina Transmission Planning Collaborative (NCTPC) planning and data sharing agreement 

2) North American Electric Reliability Corporation (NERC) and Eastern Interconnection Reliability Assessment 

Group (ERAG) related activities 

i) SERC Reliability Corporation and associated committees and working groups 

ii) RFC Reliability Corporation and associated committees and working groups 

 
PJM Planning also coordinates with PJM Operations to review operational performance issues.  In addition, 

sensitivity studies may be requested by stakeholders.  Examples of these studies include: 

Additional Studies 

 

¶ N4251.14 modeling issue and related short circuit investigation (DEOK) 

 

Operating guideline and other sensitivity studies  

 

¶ High Voltage issues at East Windsor 500 and 230 kV (JCPL) 

 

The RTEP assesses the needs of the system, at peak load for year one, two, three four and year 5 in the near term 

and over the longer term (up to 15 years) to identify baseline transmission enhancements that require more time to 

implement. Additionally, PJM evaluates an off peak load seasonal assessment for year 5 PJM also is responsible for 

recommending the assignment of any transmission expansion costs to the appropriate parties.  In order to carry out 

these responsibilities, it is necessary to establish a starting point or óbaselineô from which the need and responsibility 

for enhancements can be determined. 

As the NERC registered Planning Coordinator, PJM is the responsible entity that coordinates and integrates 

transmission facility and service plans, resource plans, and protection systems for both the near term and longer 

term.  The planned network upgrades required by the RTEP serve as a central repository for the BES related 

reliability plans of the individual PJM transmission owners.  By integrating the individual plans into a single plan, the 

RTEP is able to provide a robust reliability plan for the PJM Bulk Electric System. 

 

In order to establish the long term plan, PJM has defined the fifteen (15) year period from 2020 through 2035 as the 

2020 ñbaselineò planning period. This assessment is inclusive of the previous yearsô baseline assessments, models, 

and required upgrades.  As such, the existing system plus any planned modifications to the transmission system 

including reactive resources that are scheduled to be in service prior to the 2025 summer peak period were chosen 

as the base system for the near-term assessment.  This ensures the system as planned remains compliant with 

https://www.pjm.com/
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reliability standards. Appendix A represents a snapshot of all upgrades identified in RTEP evaluations prior to 2020. 

These identified upgrades, when added to the previously existing system, function as the base system for future 

models.  In addition, assessments for delivery years prior to 2025 were updated with current assumptions to validate 

the on-going need for identified upgrades and to ensure continued compliance with reliability criteria.  

For the 2020 RTEP cycle, PJM has studied 22 generator deactivation notifications resulting in over 4,400 MW of 

existing generation deactivating in 2020 or some point in the near term planning horizon. In order to establish a 

model which accurately included all expected generation retirements, PJM performed many sets of analysis to study 

the effects of these generation retirements on the system. Baseline transmission upgrades were identified as a result 

of these deactivations. The upgrades resulting from the deactivations were examined in the basecase before 

approving new RTEP upgrades for any of the standard RTEP analysis for the 2020 RTEP cycle.  The scope of the 

deactivation notification analysis was significant and included a review of system impacts in years 2020 through 

2025.  The scope and results of the generation deactivation analysis is discussed in subsequent sections of this 

report. 

 

All new generation and merchant transmission projects that executed an Interconnection Service Agreement were 

also included in this baseline system along with any associated transmission enhancements as identified in the 

System Impact Studies associated with those requests. Queued generation, merchant transmission, and firm 

transmission service is studied and subsequently included in the basecase for the New Services Queue studies.  The 

process for these studies is detailed in PJM manual 14A.  PJM manual 14B attachments A-I describe the analysis 

that is performed to ensure the reliability of new generation, merchant transmission, and firm transmission service.  

Any supplemental transmission enhancements independent of those associated with new generation or merchant 

transmission projects were also included.  All firm transmission service currently committed for the period was 

represented.    

 
PJM has conducted a comprehensive assessment of the ability of the PJM system to meet all applicable reliability 

planning criteria.  The applicable reliability planning criteria are listed below:   

¶ NERC Planning Standards  
http://www.nerc.com/pa/Stand/Pages/default.aspx 

¶ RFC Reliability Standards 
https://rfirst.org/ProgramAreas/Standards/Regional/Pages/Regional.aspx 

 

¶ SERC Reliability Corporation 
http://www.serc1.org/Application/HomePageView.aspx 

¶ PJM Reliability Planning Criteria as contained in PJM Regional Transmission Planning 
Process Manuals http://www.pjm.com/library/manuals.aspx 

 

¶ Transmission Owner Reliability Planning Criteria as filed in their respective FERC Form 715 
filing http://www.pjm.com/planning/planning-criteria/to-planning-criteria.aspx 

 
In completing this assessment, PJM has documented all conditions where the system did not meet applicable 

reliability criteria and identified the system reinforcements required to bring the system into compliance along with 

estimated cost and lead-time to implement them.   

https://www.pjm.com/
http://www.nerc.com/pa/Stand/Pages/default.aspx
https://rfirst.org/ProgramAreas/Standards/Regional/Pages/Regional.aspx
http://www.serc1.org/Application/HomePageView.aspx
http://www.pjm.com/library/manuals.aspx
http://www.pjm.com/planning/planning-criteria/to-planning-criteria.aspx
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Those areas that were found to not meet applicable reliability standards establish the need for reinforcement in those 

areas independent of any future interconnection projects not included in the baseline analysis.  The resulting system 

with the identified reinforcements to bring the system into compliance, is anticipated to be used in evaluating the 

impact of the projects in queues AF1 and AF2 that qualify and elect to proceed with the system impact studies.  The 

extent to which reinforcements identified in the baseline assessment are advanced, deferred, modified or eliminated 

will be used in determining cost responsibility for the final plans in the RTEP. 

 
It should be recognized that the reinforcements identified in this baseline analysis may be modified, advanced, 

deferred or eliminated as a result of future system assumptions.  Future assumptions include generation projects, 

merchant transmission projects, generation retirements, or transmission service being added to or removed from the 

system.  The development of the RTEP for PJM is an ongoing process, which includes the conduct of system impact 

studies and development of plans to accommodate the new interconnection projects.  Upon completion of the system 

impact studies some projects may elect not to proceed.  When it is determined which projects will commit to proceed, 

PJM develops a new baseline RTEP to meet the needs of the region, including the accommodation of all new 

projects committed to connect, during the next 5 year period. 

https://www.pjm.com/
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Key Findings 

Inclusive of the baseline upgrades identified in the Results Section of this assessment, PJM assesses its system as 

being compliant with the thermal, reactive, short circuit, and stability requirements of all applicable standards 

including NERC Standards TPL-001-4 for both the near term and longer term.  The results section of this assessment 

includes all planned upgrades needed to meet the performance requirements of Table 1 in each respective TPL 

standard throughout the planning horizon. 

The reinforcements identified as part of the 2020 RTEP that are required to achieve compliance having an estimated 

cost of at least $10 million are described below.  The required in-service date of these upgrades is also included.  A 

complete list of projects along with detailed descriptions of the conditions that are driving the need for them, are 

described in the Results section and Appendix A of this report.  PJM staff from the Infrastructure Coordination group 

coordinates with the transmission owners and generation or merchant transmission developers to monitor project 

schedules for implementation of these reinforcements and coordinate any required outage activities to ensure these 

reinforcements are completed by their required in-service dates.  The cost estimates below are based on those 

provided by the responsible entities and discussed at the monthly Transmission Expansion Advisory Committee 

(TEAC) meetings during the calendar year.  

PJM MID ATLANTIC 

AEC 

¶ Rebuild the Corson-Court 69 kV line to achieve ratings equivalent to 795 ACSR conductor or better - 6/1/2025 - 

$13.20M 

Penelec 

¶ Construct a new breaker-and-a-half substation near Tiffany substation. All transmission assets and lines will be 

relocated to the new substation. The two distribution transformers will be fed via two dedication 115 kV feeds to the 

existing Tiffany substation. - 6/1/2025 - $23.20M 

PJM SOUTH 

Dominion 

¶ Install 2nd Chickahominy 500/230 kV transformer - 6/1/2023 - $22.00M 

¶ Install a 2nd 230kV circuit with a minimum summer emergency rating of 1047 MVA between Lanexa and Northern 

Neck Substations. The 2nd circuit will utilize the vacant arms on the double-circuit structures that are being installed on 

the Line #224 (Lanexa-Northern Neck) End-of-Life rebuild project (b3089). - 6/1/2023 - $14.00M 

¶ Expand the Northern Neck terminal from a 230 kV, 4-breaker ring bus to a 6-breaker ring bus. - 6/1/2023 - $5.00M 

¶ Expand the Lanexa terminal from a 6-breaker ring bus to a breaker-and-a-half arrangement. - 6/1/2023 - $4.00M 

 

https://www.pjm.com/
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PJM WEST 

AEP 

¶ Construct a 345 kV ring bus at Dunton Lake to serve SDI load at 345 kV via two circuits - 6/1/2016 - $23.40M 

¶ Rebuild and convert the existing 17.6 miles East Leipsic-New Liberty 34.5 kV circuit to 138 kV using 795 ACSR - 

6/1/2025 - $31.35M 

¶ Rebuild approximately 8.9 miles of 69 kV line between Newcomerstown and Salt Fork Switch with 556 ACSR 

conductor. - 6/1/2025 - $15.89M 

¶ Rebuild approximately 9 miles of the Rob Park - Harlan 69 kV line - 6/1/2025 - $20.90M 

¶ Construct a 2.4 mile double circuit 138 kV line to connect Lake Head into the 138 kV network; Build a new 138/69 kV 

transformer station to feed Lakehead; Rebuild the 8.4 mile Pletcher ï Buchanan Hydro line and the 1.2 mile Buchanan 

South 69 kV Radial tap ï 6/1/2024 ï $36.2M 

¶ Rebuild 4.23 miles of 69 kV line between Sawmill and Lazelle station, using 795 ACSR 26/7 conductor ï 6/1/2025 ï 

$12M 

¶ Rebuild 7.5 miles of double circuit 69kV line between East Ottoville Switch and Kalida Station (combining with the new 

Roselms to Kalida 69 kV circuit) ï 6/1/2025 ï $23.6M 

¶ Build 9.4 miles of single circuit 69 kV line from Roselms to near East Ottoville 69 kV Switch ï 6/1/2025 ï $13.7M 

¶ Rebuild approximately 12.3 miles of remaining Lark conductor on the double circuit line between Haviland and East 

Lima with 1033 54/7 ACSR conductor ï 12/1/2024 ï $25.9M 

¶ Rebuild approximately 4.0 miles of existing 69 kV line between West Mount Vernon and Mount Vernon stations. 

Replace the existing 138/69 kV transformer at West Mount Vernon with a larger 90 MVA unit along with existing 69 kV 

breaker 'C'  ï 6/1/2025 ï $12.9M 

¶ Rebuild Fleming station in the clear; Replace 138/69kV Fleming Transformer #1 with 138/69 kV 130 MVA transformer 

with high side 138 kV CB; Install a 5 breaker 69 kV ring bus on the low side of the transformer, replace 69 kV circuit 

switcher AA, replace 69/12kV transformer #3 with 69/12 kV 30 MVA transformer, replace 12 kV CB A and D. Retire 

existing Fleming substation  ï 12/1/2025 ï $21.1M 

¶ Replace the Meigs 69 kV 4/0 Cu station riser towards Gavin and rebuild the section of the Meigs ï Hemlock 69 kV 

circuit from Meigs to approximately structure #40 (~4 miles) replacing the line conductor 4/0 ACSR with the line 

conductor size 556.5 ACSR  ï 6/1/2025 ï $12.1M 

¶ Rebuild ~5.44 miles of 69 kV line from Lock Lane to Point Pleasant  ï 6/1/2025 ï $13.5M 

¶ Rebuild the existing Cabin Creek - Kelly Creek 46 kV line (to structure 366-44), approximately 4.4 miles. This section is 

double circuit with the existing Cabin Creek - London 46 kV line so a double circuit rebuild would be required ï 

6/1/2025 ï $20.9M 

APS 

https://www.pjm.com/
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¶ At Shingletown Substation (APS Zone) convert the 230 kV station to a six breaker ring bus.  Re-use and re-install the 

existing capacitor.  Install SCADA control. Install new wave traps on Shawville and Dale Summit line exits.   - 

12/31/2025 - $11.65M 

¶ Reconductor the Yukon ï Smithton ï Shepler Hill Jct 138 kV Line. Upgrade terminal equipment at Yukon and replace 

line relaying at Mitchell and Charleroi - 6/1/2023 - $24.50M 

¶ Reconfigure Stonewall 138 kV substation from its current configuration to a six-breaker breaker-and-a-half layout and 

add two 36 MVAR capacitors with capacitor switchers. - 6/1/2025 - $13.30M 

https://www.pjm.com/
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Objective and Scope 

The objectives of this assessment were as follows: 
 

a) To identify system reinforcements as required to ensure compliance with NERC standards TPL-001-4. 

b) To identify areas where the system as planned for the near term period 2020 through 2025 would not meet 

applicable reliability standards. 

c) To develop and recommend preliminary facility expansion plans, including cost estimates and required in 

service dates, to ensure all areas meet applicable reliability criteria. 

d) To identify areas where the system as planned for the longer term period 2026 through 2035 that would not 

meet applicable reliability criteria, and where appropriate, develop expansion plans. These plans include 

required in service dates of the facilities needed to bring those areas into compliance.  This longer term 

planning is in consideration of larger scope projects that may require long lead time to implement. 

e) To establish what will be included as baseline expansion costs for the allocation of the costs of expansion 

for those projects included in New Services Queues.  

 

The scope of this assessment included analysis for the period 2020 through 2035 to ensure the system would meet 

all applicable reliability planning criteria.  These assessments include baseline thermal, baseline voltage, thermal and 

voltage Load Deliverability, generation deliverability, and baseline stability analysis.  The baseline thermal and 

voltage analysis encompasses an exhaustive analysis of all BES facilities for compliance with NERC P0 ï P7 (TPL-

001-4) events.  In addition, consistent with NERC standard TPL-001-4, a number of extreme events as defined in 

Table 1 of TPL-001-4 were evaluated for risk and consequences to the system. Results of this study are not 

documented in this report due to their sensitive nature, and can be found in the 2020 Extreme Event Report. 

The PJM Load Deliverability testing methods are described in Manual 14B, section 2.  The tests ensure that an area 

of the transmission system that is experiencing higher than normal load levels (90/10) with higher than normal 

internal generation unavailability has the transmission capability to import energy to meet the transmission system 

reliability criteria.  The generation deliverability testing ensures sufficient transmission capability so that generation 

can be ramped to full output so that excess energy can be exported to an area that is experiencing a capacity 

deficiency. PJM also performed a stability analysis consistent with NERC and local transmission owner criteria to 

ensure the system is stable for critical system conditions including fault conditions that include multi-phase faults and 

faults with delayed clearing and light load conditions. 

Analytical testing is performed annually on a range of study years and system conditions to satisfy NERC standards.  

Every year analysis is performed on the 5 year out case, while the other nearer term cases (years 0 through 4) are 

retooled to be studied for specific projects as changes to system conditions warrant.  Additional analysis is also 

performed for the longer term to identify marginal conditions that may require long lead time solutions.  Currently as 

part of the RTEP a year 7 or year 8 case is studied in detail as part of the annual RTEP.  During the 2020 RTEP, a 

year 8 (2028 study year) was studied.    

PJM Generator Deliverability testing, which simulates higher than normal generation availability in an area, is 

performed at 50/50 load levels.  PJM Load Deliverability testing, which is performed on 27 Locational Deliverability 

Areas (LDAôs) within PJMôs footprint, simulates an internal generation deficiency within the LDA (which simulates 
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higher than expected forced outage conditions) being tested with the area at 90/10 load levels. Single and multiple 

contingency analyses were also performed on a shoulder peak case as described in subsequent sections of this 

document.   

The combination of these tests includes simulation of various system conditions over a range of forecast system 

demands and generation availability scenarios that simulate planned and forced outage conditions.  This analysis is 

performed for both the near term and longer term.   

The continued need for the system reinforcements previously identified in prior RTEP Baseline Assessment Reports 

and the queue A through AE2 System Impact Studies associated with projects that have executed an Interconnection 

Service Agreement were evaluated.  Any previously identified reinforcements that are no longer required were 

documented and removed from the list of RTEP Reinforcements.  PJM adjusts required in-service dates based on 

updated forecasts that can affect the modeling of the system conditions.  In the event that changing system 

conditions delay the need for a baseline upgrade beyond the 5 year planning horizon, PJM will re-evaluate the need 

for that upgrade.  When evaluating the continued need for previous reinforcements, analysis is performed to test for 

system performance associated with all applicable reliability criteria including that specified under all event categories 

listed in Table 1 of TPL-001-4. 

https://www.pjm.com/
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Analysis methodology 

PJM completed a robust series of analysis over a broad spectrum of system conditions encompassing a range of 

study years and forecast demand levels.  The following sections detail the assumptions of the modeling and analysis.  

The analysis sub-sections are grouped by the analysis type.  The modeling assumptions of the 2025 cases and 

analysis are discussed in detail.  The modeling assumptions for the  retool cases are not discussed in detail but 

followed the same procedure as the 2025 case, which can be found in PJM Manual 14B, Attachment H  The 

modeling assumptions of all of the cases follow the procedure in PJM Manual 14B, Attachment B. All study year 

cases model all normal (NERC TPL P0) operating procedures in place.  PJM Manual 3 ï Transmission Operations 

contains all PJM operating procedures that are applicable to PJM planning studies. 

 

Analysis Type 
NERC Contingency 

Category from Table 1 
of TPL Standard 

Applicable 
Limits 

Monitored 

Monitored 
Elements 

Contingencies 
Considered 

normal system (no 
contingency) 

P0 
All System 
Operating 

Limits, 
including the 
most limiting 

thermal, 
voltage limit 
(magnitude 

and deviation), 
voltage 
collapse 

All BES & select 
lower voltage 

facilities, all ties 
to neighboring 

systems 
regardless of 

voltage 

Normal system, 
All BES & select 
lower voltage 

facilities.  N-1-1 
considers all 

possible 
combinations of 

single 
contingencies 

single contingency P1, P2 

multiple contingency P3, P4, P5, P6, P7 

Load Deliverability P1, P2 

Light Load Reliability analysis 
P0, P1, P2, P3, P4, P5, 

P6, P7 

N-1-1  analysis P3, P6 

generation deliverability P1, P2 thermal, 
voltage 
collapse 

common mode outage 
procedure 

P3, P4, P5, P6, P7 

Table 3. Analysis Type Summary 

Modeling Assumptions & Critical System Conditions 

PJM selected a range of forecast demand levels for the year 2025.   

¶ 2025 90/10 Summer Peak 

¶ 2025 50/50 Summer Peak 

¶ 2025 Light Load Reliability Analysis (50% of 50/50 Summer Peak) 

¶ 2025 Winter Reliability Analysis 

In addition to the analysis of the 2025 system, as part of this assessment, PJM also performed analysis of multiple 

critical system conditions in the near term and longer term planning horizons.  The assessments of the critical system 

conditions within these study years will be discussed in subsequent sections of this document. 

 

The load forecast from the 2025 PJM Load Forecast Report was used and can be found on the PJM website at the 

following address: 
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https://www.pjm.com/-/media/library/reports-notices/load-forecast/2020-load-report.ashx?la=en 
 
The 2025 summer peak analysis used the 2025 summer model from the 2019 series MMWG (Multiregional Model 

Working Group) case.  The model was updated according to the procedures in PJM Manual 14B, Attachment H.  The 

case build is a collaborative process that involves PJM, PJM transmission owners, and neighboring entities.  The 

case was reviewed with all PJM transmission owners to ensure that all existing and planned facilities were modeled.  

All future transmission upgrades with a required in-service date up to and including June 1, 2025 were modeled as in 

service.  The list of future upgrades along with a schedule for implementation is contained in Appendix A. 

 

All existing generation was modeled in the base case.  Future generation that had an executed Interconnection 

Service Agreement (ISA) was modeled along with any upgrades required to maintain the reliability of the PJM system 

including the future generation.  Future merchant transmission facilities that had an executed Interconnection Service 

Agreement (FSA) were modeled along with any upgrades required to maintain the reliability of the PJM system 

including the future merchant transmission. Information regarding all of these projects can be found on the PJM 

website at the address below. 

 

https://www.pjm.com/planning/services-requests/interconnection-queues.aspx 
 

Adequate Reactive Power resources were included in the base model to ensure system voltage performance.  Some 

of the reactive power resources modeled are existing and in-service equipment while some are planned with a future 

implementation date.  A list of the planned reactive upgrades along with a schedule for implementation is contained 

in Appendix A.  Table 4 below is a summary of the reactive power resources included in the 2025 case (note these 

are in addition to the reactive power associated with the generation noted above). 

https://www.pjm.com/
https://www.pjm.com/planning/services-requests/interconnection-queues.aspx
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2025 

Area Name Static Dynamic Total 

AE 1158 450 1608 

AEP 14502 650 15152 

AP 5153 1760 6913 

BGE 6306 0 6306 

CE 8477 1800 10277 

DAY 1346 0 1346 

DEO&K 838 0 838 

DLCO 292 0 292 

DP&L 1473 375 1848 

DVP 9633 1750 11383 

EKPC 1358 0 1358 

FE 6609 1614 8223 

JCPL 4733 55 4788 

METED 1177 500 1677 

PECO 4691 700 5391 

PENELEC 2281 674 2955 

PEPCO 1287 0 1287 

PJM* 0 0 0 

PPL 3596 0 3596 

PSEG 9235 0 9235 

RECO 0 0 0 

UGI 66 0 66 

Grand Total 84212 10328 94539 

Table 4. Reactive Power Resources in base case Static MVAR: Capacitor Banks, Switched Shunts; Dynamic 

MVAR: SVCs, Synchronous Condensers, and Dynamic Switched Shunts.

https://www.pjm.com/
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The interchange targets in Table 5 below represents the net sum of all existing and planned yearly long-term firm 

transmission service commitments between PJM and neighboring systems for the 2025 summer period.   A 

2025, 2019 Series, MMWG case was used as a starting point for the modeling, all PJM firm transactions were 

included in the RTEP base case modeling.  The base dispatch is set as defined in PJM Manual 14B, Attachment 

B. 

 
2025 RTEP Interchange 

Source Sink Total (MW) 

PJM NYISO 817 

PJM LGEE -475.5 

PJM DEI -156 

PJM WEC 90 

PJM LAGN -100 

PJM CPLE 30 

PJM DUK -100 

PJM TVA 400 

PJM EEI 0 

PJM AMIL -1805 

PJM OMUA 0 

PJM MEC 454 

PJM SMT -285 

Total   -1130.5 

Table 5. Net Yearly Long Term Firm Interchange 

In all cases, where the physical design of connections or breaker arrangements resulted in the outage of more than 

the faulted facility when the fault was cleared, the additional facilities were also outaged in the load flow.  That is, the 

breaker arrangements and system topology are used to develop and maintain the contingency files.  For example, if 

a transformer is tapped off a line without a breaker, both the line and transformer were outaged as a single 

contingency event.   

In addition, approved operating procedures were utilized as applicable.  These operating procedures include the use 

of control devices such as Phase Angle Regulators (PARs) to manage flows on the system.  Also, the expected 

operation of Remedial Action Schemes (RAS) were modeled and additionally tested where applicable.  A complete 

listing of applicable remedial action schemes and operating procedures can be found in the Transmission Operation 

Manual (M-03) at the following link:  

https://www.pjm.com/library/manuals.aspx 

https://www.pjm.com/
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Contingencies Considered 

The thermal and voltage analysis used a set of contingencies as required by NERC TPL standards.  PJMôs rationale 

was to define and select a comprehensive set that includes every possible BES contingency.  Every possible single 

and multiple contingency loss of PJM BES elements is as described on Table 1 of NERC TPL standards was defined 

in contingency files and included in the assessment.  No single or multiple BES contingencies were excluded from 

this assessment.  The contingency set also included an inclusive set of single contingencies of non-BES elements 

that are modeled in the base case.  A set of multiple facility contingencies involving non-BES facilities was included in 

the contingency set.  A complete set of multiple facility contingencies involving non-BES facilities was not included in 

the contingency set given that issues on non-BES facilities are not expected to propagate to the BES system.   

 

Contingency analysis takes into account the removal of all elements that the protection system and other automatic 

controls are expected to disconnect without operator intervention. This includes tripping of generators and 

transmission elements when protection equipment may exceed its performance capabilities. 

 

In addition to the contingencies studied within PJMôs footprint, analysis includes contingencies located in areas 

outside of PJMôs footprint. PJM worked with its neighboring ISOôs and RTOôs to identify off-system contingencies that 

could affect PJMôs system. All contingencies identified by these entities have been included in PJMôs RTEP analysis.   

 

¶ Over 19,000 Single contingencies were defined, including contingencies involving the loss of facilities in 

neighboring systems. 

¶ Over 15,000 Multiple Facility Contingencies were defined, including contingencies involving the loss of 

facilities in neighboring systems. 

¶ The N-1-1 analysis considers every possible combination of single contingencies, a total of over 

376,000,000 combinations. 

 

PJMôs 2020 analysis focused on contingencies as defined by TPL-001-4 Table 1 ï Steady State & Stability 

Performance Planning Events. 

Planned Outages in the Transmission Planning Horizon 

Although there are situations in which outages are planned and scheduled more than 12 months in advance, more 

often outages are submitted no more than one year in advance of the planned outage.  Most maintenance plans are 

developed, and therefore the associated outages are planned with less lead time.  In cases where outages are 

scheduled less than one year out, the lead time makes it impractical for inclusion in planning studies under the TPL 

timeframe.  Outages planned with a lead time of less than one year are evaluated by PJM Operations. 

 

PJM performed additional analysis of planned maintenance outages in the planning horizon by studying certain 

combinations of scheduled maintenance outages as reported through PJMôs eDART, outage coordination software 

used by PJM operations. To increase the conservatism of the simulation, planned outages of BES equipment were 

studied on a Summer Peak case, which reflects a higher load than the historical maintenance outage season, and 

therefore a more conservative test. PJM Planning notified PJM operations of the results of this analysis. The results 

of this analysis are documented in the PJM Maintenance Outage Analysis report, which is published annually. This 

https://www.pjm.com/
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report also includes the analysis of known outages of generation or Transmission Facilities with duration of at least 

six months. 

 

Planned outages are typically not scheduled at peak demand levels.  In addition to the targeted maintenance outage 

analysis described above, the deliverability tests are performed at peak demand levels, which produce more severe 

results and impacts than studies performed at off peak demand levels. 

Monitored Facilities 

All cases used for this assessment model all PJM Bulk Electric System facilities.  The specific facilities monitored for 

each analysis is described in detail in subsequent sections of this document.  PJM also monitored every tie line to 

neighboring systems regardless of voltage.  Over 20,000 individually modeled BES facilities are monitored in the 

analysis that supports this assessment.  In addition to all BES elements, PJM monitors lower voltage, non-BES, 

facilities that are monitored by PJM operations. As part of the 2020 RTEP, PJM expanded its monitored facility list to 

include BES facilities in the MISO footprint.  PJM also completed several joint studies of neighboring systems as 

described in the scope contained in the Executive Summary above. 

Analysis of Near-Term 

As part of the near-term assessment, PJM evaluated a range of critical system conditions.  The range of system 

conditions included thermal and voltage analysis of a 2025 90/10 summer peak scenario, thermal and voltage 

analysis of a 2025 50/50 summer peak scenario, and thermal and voltage analysis of a light load scenario.  The 

thermal analysis included applicable thermal limit checking.  The voltage limit analysis included checking applicable 

voltage magnitude and voltage drop limits.  PV analysis is an important part of the RTEP analysis and is performed 

for selected scenarios.  The methodology for selecting the PV scenarios is discussed in a subsequent section of this 

document.  

Analysis is performed for planning events listed in Table 1 of TPL-001-4 to ensure that all performance requirements 

are met, or upgrades to the system are implemented to address required performance issues. 

The forecast demand level, analysis type, and mapping to TPL standards are summarized in tables in this section.  In 

addition, a summary of the analysis type, contingencies considered, monitored elements, and monitored limits are 

summarized in the Analysis Methodology Section.  Stability tests are detailed in a subsequent section of this 

document. 

Normal System (All Facilities in Service) Analysis 

The 2025 90/10 summer peak, 50/50 summer peak, light load and shoulder peak cases were evaluated for system 

performance under normal conditions.  These models use data consistent with information provided in MOD-032 and 

MOD-033 standards. The normal system analysis as defined in P0 on Table 1 of NERC TPL-001-4 does not include 

a contingency event.  Rather, all facilities are assumed to be in-service.  Every BES facility and select lower voltage 

facilities in PJM were monitored for thermal limits, voltage limits, and voltage stability.  Reinforcements were 

developed for areas where the system exceeded applicable thermal limits, voltage limits, or became unstable.  The 

reinforcements, along with a schedule for implementation, are contained in the results section of this document. 

https://www.pjm.com/
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Single Contingency Analysis 

The 2025 50/50 summer peak, 90/10 summer peak and light load cases were evaluated for system performance 

following the loss of a single element.  The single elements included all of the P1 and P2 events defined on Table 1 

of NERC TPL-001-4.  Every BES facility and select lower voltage facilities were monitored for thermal limits, voltage 

limits, and voltage collapse.  Additionally select off-system contingencies which may affect PJMôs system were 

included in the single contingency analysis. Reinforcements were developed for areas where the system exceeded 

applicable thermal limits, voltage limits, or became unstable.  The reinforcements, along with a schedule for 

implementation, are contained in the results section of this document. 

Common Mode Contingency Analysis 

The 2025 50/50 summer peak and light load cases were evaluated for system performance following the loss of two 

or more (multiple) elements.  The multiple elements included all common mode events defined in Table 1 of NERC 

TPL-001-4.   Every BES facility and select lower voltage facilities were monitored for thermal limits, voltage limits, 

and voltage stability. Additionally select off-system contingencies which may affect PJMôs system were included in 

the Common Mode contingency analysis.  Reinforcements were developed for areas where the system exceeded 

applicable thermal limits, voltage limits, or became unstable.  The reinforcements, along with a schedule for 

implementation, are contained in the results section of this document. 

N-1-1 Analysis 

The purpose of the N-1-1 analysis is to determine if all monitored facilities can be operated within normal thermal and 

voltage limits after an actual N-1 contingency and within the applicable emergency thermal and voltage limits after an 

additional simulated contingency.  The 2025 50/50 summer peak was evaluated for system performance following a 

single contingency, followed by manual system adjustments, followed by another single contingency.  The N-1-1 

analysis monitored all BES facilities.  The set of single contingencies that was used to compile the contingency pairs 

included all single contingencies in PJM regardless of voltage, all PJM tie lines regardless of voltage, and selected 

contingencies in neighboring systems.  The contingency pairs that were considered included every possible 

combination of single contingencies, a total of over 376,000,000 combinations.  The N-1-1 analysis also analyzed the 

contingency pairs in both possible orders to assess every combination and order of event.  Reinforcements were 

developed for areas where the system failed to meet the applicable normal rating after the first contingency or the 

applicable emergency rating after the second contingency.   

The N-1-1 analysis also assessed applicable voltage magnitude and voltage drop limits.  For voltage magnitude and 

voltage drop testing, PJM screened for potential voltage violations.  Voltage violations include exceeding the normal 

low voltage limit after the first contingency, emergency low limit after the second contingency, or exceeding the 

emergency voltage drop limit after the second contingency.  Reinforcements were developed for areas where voltage 

violations were identified.     

https://www.pjm.com/
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Deliverability Analysis 

The 2025 base case was also used to analyze the capability of PJMôs transmission system, including all PJM BES 

elements.  To maintain reliability in a competitive capacity market, a resource must be deliverable to the overall 

network.  PJM has developed the Load Deliverability and Generator Deliverability test methods for evaluating the 

adequacy of network capability for each of these deliverability requirements.  Common mode outage analysis uses a 

procedure similar to Generator Deliverability to assess the impact of P3, P4, P5, P6 and P7 contingencies, as defined 

in PJM Manual 14B, Addendum 2.  

A broad range of critical system conditions are established and analyzed through the deliverability test methods.  The 

Generator Deliverability test establishes a critical stressed generation dispatch for every flowgate (monitored element 

and contingency pair) that could potentially be overloaded by the test.  For every monitored facility, a critical stressed 

dispatch is created for all normal (all facilities in service) and single contingency conditions that could potentially 

overload the facility.  This method results in the analysis of a large number of critical system conditions.   

The load deliverability test procedure evaluates multiple critical system conditions though the evaluation of 27 

individual stressed Locational Deliverability Areas, one thermal and one voltage case, for each of the defined 

Locational Deliverability Areas (LDAôs) resulting in a minimum of 54 cases.  The Locational Deliverability Areas are 

defined in Manual 14B ï Attachment C. The load deliverability cases model stressed 90/10 summer peak loads in the 

LDA under study in each of the cases.  A Capacity Emergency Transfer Objective (CETO) is identified.  The CETO is 

the amount of energy an LDA will need to be able to import so that the area is not expected to have a loss of load 

event more frequently than one event in 25 years.  A Capacity Emergency Transfer Limit (CETL) is calculated for 

each LDA (i.e. 54 cases) to determine the energy that can be imported into the area under test. In each case, the 

CETL (ñthe limitò) is compared to the target Capacity Emergency Transfer Objective (CETO).  Through this method, a 

large number of critical system conditions are also developed as part of the Load Deliverability Analysis.  The system 

is planned to ensure that each of the LDAs meet the CETO at a minimum.  System reinforcements were developed 

for any condition where the calculated import capability into any LDA would not meet the CETO. 

Generator Deliverability Analysis 

The PJM Generation Deliverability procedure was used to determine if the PJM transmission system, including all 

PJM BES elements, was adequate to deliver all PJM capacity resources to the network.  Generator Deliverability 

analysis is performed to ensure that capacity resources within a given electrical area will, in aggregate, be able to be 

exported to other areas of PJM that are experiencing a capacity emergency.  PJM utilizes the Generator 

Deliverability procedure to study the normal system and single contingencies under a stressed generation dispatch.  

Every BES facility and select lower voltage facilities were monitored for thermal limits and voltage stability.  The 

stressed generation dispatch is unique to each monitored element and contingency pair under study.  The Generator 

Deliverability procedure is defined in PJM Manual 14B Attachment C. 

PJM performed the Generator Deliverability test on the 2025 50/50 summer peak model.  The Generator 

Deliverability test examined system performance under normal and single contingency conditions.  The contingency 

set included a complete set of single contingencies as defined by P1 and P2.1 in Table 1 of TPL-001-4. 
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The 2025 generator deliverability analysis tested a large number of critical system conditions.  Every facility was 

monitored for applicable thermal limits for both the normal system and following the loss of every possible 

contingency.  This process considers every one of the 19,000+ possible single contingencies for each monitored 

facility.  As described in PJM Manual 14B, Attachment C a stressed dispatch was also developed and applied to 

each potentially overloaded flowgate to determine if an overload could be simulated.  Through the method of applying 

a stressed dispatch to every possible single flowgate, the Generator Deliverability test identifies a large number of 

critical system conditions. 

Reinforcements were developed for areas where the system failed to meet thermal limits or demonstrated a voltage 

collapse.  The reinforcements, along with a schedule for implementation, are contained in the results section of this 

document. 

Common Mode Outage Analysis 

Common mode outage analysis procedures are similar to the generation deliverability analysis procedure; however 

this analysis focuses specifically on the loss of multiple elements.  The common mode outage analysis studies all 

events listed as P4, P5 and P7 under a stressed generation dispatch.  Over 15,000 multiple contingency events were 

analyzed.  Every BES facility and select lower voltage facilities were monitored for thermal limits and voltage stability.  

The stressed generation dispatch is unique to each monitored element and contingency pair under study.  The 

common mode outage procedure is defined in Addendum 2 of PJM Manual 14B. 

Reinforcements were developed for areas where the system failed to meet thermal limits, voltage limits, or became 

unstable.  The reinforcements, along with a schedule for implementation, are contained in the results section of this 

document. 

Load Deliverability Analysis  

The Load Deliverability test procedures were used to determine if the Capacity Emergency Transfer Limit (CETL) for 

each of the various electrical areas of PJM is greater than each respective areaôs Capacity Emergency Transfer 

Objective (CETO).   

There are currently 27 Locational Deliverability areas defined in PJM.  The electrical areas within each of the 27 

Locational Deliverability areas are described in table 6 and Map 2. 
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LDA Description 

EMAAC Global area - PJM 500, JCPL, PECO, PSEG, AE, DPL, RECO 

SWMAAC Global area - BGE and PEPCO 

MAAC Global area - PJM 500, Penelec, Meted, JCPL, PPL, PECO, PSEG, BGE, Pepco, AE, DPL, UGI, 
RECO 

PPL PPL & UGI 

PJM WEST APS, AEP, Dayton, DUQ, ComEd, ATSI, DEO&K, EKPC, Cleveland, OVEC 

WMAAC PJM 500, Penelec, Meted, PPL, UGI 

PENELEC Pennsylvania Electric 

METED Metropolitan Edison 

JCPL Jersey Central Power and Light 

PECO PECO 

PSEG Public Service Electric and Gas 

BGE Baltimore Gas and Electric 

PEPCO Potomac Electric Power Company 

AE Atlantic City Electric 

DPL Delmarva Power and Light 

DPLSOUTH Southern Portion of DPL 

PSNORTH Northern Portion of PSEG 

VAP Dominion Virginia Power 

APS Allegheny Power 

AEP American Electric Power 

DAYTON Dayton Power and Light 

DLCO Duquesne Light Company 

ComEd Commonwealth Edison 

ATSI American Transmission Systems, Incorporated 

DEO&K Duke Energy Ohio and Kentucky 

EKPC Eastern Kentucky Power Cooperative 

Cleveland Cleveland Area 

Table 6. PJM Locational Deliverability Areas (LDA)

https://www.pjm.com/
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Map 2. PJM Load Deliverability Areas 

The 2025 Load Deliverability test used the 2025 summer peak base case as a starting point.  From that starting 

point, 27 individual thermal Load Deliverability cases were built following the Load Deliverability thermal procedure as 

defined in PJM Manual 14B Attachment C.  In addition, 27 individual voltage Load Deliverability cases were built 

following the Load Deliverability voltage procedure defined in PJM Manual 14B, Attachment C.  This process 

developed one thermal and one voltage study case for each of the 27 Locational Deliverability Areas (LDA) resulting 

in 54 cases.  These studies cover critical system conditions with load levels in the cases set to a 90/10 summer peak 

for the respective LDA under study and a 50/50 summer load level for all other areas.  Modeling of specific system 

conditions such as load, reactive resources, and phase angle regulator settings were modeled as specified in PJM 

Manual 14B, Attachment G for the Load Deliverability tests.  Manual 14B, Attachment C also specifies a procedure to 

dispatch generation in both the area assumed to be under a capacity emergency and the areas assumed not to be 

under a capacity emergency. 

Capacity emergency transfer objectives (CETOôs) for each of the 27 LDAôs were used to set the target net 

interchange for the LDA under study in each of the thermal and voltage cases. 

A thermal Load Deliverability study was then performed on each of the 27 thermal Load Deliverability cases.  The 

thermal Load Deliverability study of each LDA monitored the respective LDA under study and tested system 

performance of the normal system and all single contingencies.  Reinforcements were developed for areas where the 

system failed to meet thermal limits. The reinforcements, along with a schedule for implementation, are contained in 

the results section of this document. 
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A voltage Load Deliverability study was then performed on each of the 27 voltage Load Deliverability cases.  The 

voltage Load Deliverability study of each LDA monitored the respective LDA under study and tested system 

performance of the normal system and all single contingencies.  Critical system conditions were analyzed and 

reinforcements were developed for areas where the system failed to meet voltage magnitude limits, voltage drop 

limits, or demonstrated a voltage collapse.  The reinforcements, along with a schedule for implementation, are 

contained in the results section of this document. 

Light Load Reliability Analysis 

PJM also performed a year 2025 light load reliability analysis. The 50% of 50/50 summer peak demand level was 

chosen as being representative of a stressed light load condition. The system generating capability modeling 

assumption for this analysis is that the generation modeled reflects generation by fuel class that historically operates 

during the light load demand level.  In addition to the generation dispatch, the Light Load Reliability Analysis 

procedure also requires that PJM set interchanges within PJM and neighboring regions to their historical values. 

The starting point power flow is the same power flow case set up for the baseline analysis, with adjustment to the 

model for the light load demand level, interchange, and accompanying generation dispatch. The flowgates ultimately 

used in the light load reliability analysis were determined by running all contingencies maintained by PJM planning 

and monitoring all PJM market monitored facilities and all BES facilities. The contingencies used for light load 

reliability analysis included single and multiple contingencies, with the exception of the N-1-1criteria. Normal system 

conditions (P0) were also studied. All BES facilities and all non-BES facilities in the PJM real-time congestion 

management control facility list were monitored. 

Winter Reliability Analysis 

PJM also performed a year 2025 winter reliability analysis. This analysis included Generator Deliverability Studies, as 

well as Load Deliverability studies using a 2025 RTEP case with winter loadings and winter transmission line ratings. 

PJM focused these studies on Locational Deliverability Areas which had a Winter Loss of Load Expectation greater 

than 50%. 

Voltage Stability 

PV analysis was used to study a set of contingencies from the 2025 Load Deliverability voltage studies that were very 

severe or non-convergent.  A set of single contingencies was selected for further study in the PV analysis.  The 

methodology used to select the contingencies was to choose 500 kV or above contingencies that did not converge in 

a Load Deliverability voltage test.  Also, contingencies that created a severe voltage drop or severe low magnitude 

violation on the BES were selected. 

A PV analysis was then run on each of the selected contingencies.  The analysis monitored all PJM facilities while 

simulating a transfer from all PJM generation outside the CETO area to all generation inside the CETO area where 

the contingency was identified.  Typical to a PV analysis, the transfer was backed off until each contingency solved, 

and was then incrementally increased until a voltage collapse was simulated. 
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Retool Analysis of the Near-Term 2020-2025 

Retool analysis is analysis that is performed during the current assessment to verify analysis that was performed in 

previous assessment.  The retool analysis of the near-term was performed to verify the RTEP for the near-term due 

to forecasted changes in system conditions.  Due to the recent overall net decrease in the projected load forecast for 

the PJM system, the retool work performed by PJM was a significant part of the 2020 RTEP.  The retool analysis of 

the near-term included Generator Deliverability, Load Deliverability, common mode outage, and N-1-1 analysis.  The 

methodologies for each of these analyses was performed as described in the detailed 2025 method descriptions in 

previous sections of this document.  Through this approach, an extensive set of critical system conditions were 

analyzed.  The conditions studies are summarized below.    

Cases and contingency files for each year under study were updated in coordination with the Transmission Owners 

to reflect the most recent planned and existing facilities.  The updated 2020 PJM load forecast was used to determine 

the load in the individual cases.  The modeling updates included a review of the modeling of existing and planned 

facilities. 

The retool analysis performed as part of the 2020 RTEP included the following groups of analysis. This analysis was 

in addition to the work performed as part of the near term and long term assessments required by the TPL standards.  

As a result of the significant generation deactivation notifications received throughout 2020, PJM performed a 

significant reliability review of years 2020 through 2025.  As part of the 2020 RTEP, PJM performed system wide 

assessment of normal system, single contingency, multiple contingency, N-1-1, generator deliverability and load 

deliverability testing for year 2020 through 2025 summer peak models as needed for the widespread generation 

deactivations.  PJM completed studies and developed system reinforcements related to generation deactivation 

requests for each year in the near-term in addition to the specific retool efforts outlined below.  System 

enhancements, including an implementation schedule, were developed for every system performance issue that was 

identified as a result of the generation deactivation notifications.  The system enhancements required as a result of 

the generation deactivations are described in more detail in the results section of this report. In addition to 

deactivation related retool studies PJM continually validates that previously identified system enhancements are still 

necessary. 

 

2021 Retool 

¶ B2753.9 Summer Study (AEP) 

¶ B1570.4 scope change (AEP) 

¶ B2697.1 and  B2697.2 scope change (AEP) 

¶ B2279 scope change (AEP) 

¶ Jackson 230/115 kV transformer retirement (ME) 
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2022 Retool 

¶ B3099 Summer study (AEP) 

¶ B3100 Winter study (AEP) 

¶ B3116 Summer study (AEP) 

¶ B3040.6 Summer study (AEP) 

2023 Retool 

¶ B3036 Winter study (AEP) 

¶ B3087 Winter Study (AEP) 

2024 Retool 

¶ Kincaid RAS removal (ComEd) 

¶ Customer X(400 MW load interconnection) (Nipsco) 

¶ Menges Ditch load connection to East Elkhart (AEP) station (Nipsco) 

¶ B3157 Winter study (AEP) 

¶ B3160 Summer study (AEP) 

¶ B3156 Summer study (AEP) 

¶ B3158 Winer study (AEP) 

¶ B3159 Summer study (AEP) 

¶ B3131 Winer study (AEP) 

¶ B3085 status review (AEP) 

¶ B2594 Cancelation (AEP) 

2025 Retool 

¶ B3161 Scope change (Dom) 

¶ Recent deactivations and newly signed ISA (DEOK) 

¶ S1533 Cancelation (RMU/ComEd) 

¶ Multiple cap bank size reductions (AEP) 

¶ Jackson 230/115 kV transformer retirement (ME) 
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¶ Dickerson Deactivation (PepCo) 

¶ Chalk Point Deactivation (PepCo) 

¶ Dresden Deactivation (ComEd) 

 

15 Year Planning and Analysis of the Longer-Term System 

The purpose of the long term review is to simulate system trends to identify problems which may require longer lead 

time solutions.  This enables PJM to take appropriate action when system issues may require initiation of a 

reinforcement project in anticipation of potential violations in the longer term.  System issues uncovered that are 

amenable to shorter lead time remedies will be addressed as they enter into the near-term horizon.  The detailed 

description of the 15 year planning process is described in PJM Manual 14B.   

The 2020 RTEP also included a review of the fifteen year planning horizon through 2035.  The analyses conducted 

as part of the review included normal system, single, and multiple (tower) contingency analysis of the 2025 50/50 

Summer Peak case as summarized in Table 7.  Following the 15 year procedure, the calculated loading on every 

flowgate was then scaled by a factor consistent with the forecasted load growth to determine a facility loading in 

years 2026 through 2035 (years 6 through 15).  Both the Generator Deliverability and Load Deliverability procedures 

were used to establish the critical system conditions under which the system was evaluated.   

 

Analysis Type 
Monitored 

Flowgates 

Contingencies 

Considered 

Years 

Considered 

Load Deliverability 

Any BES 

element 

loaded at 

75% or 

greater in 

the 2025 

analysis 

normal system, 

single, double 

circuit tower line 
2026 through 

2035 

Generation 

Deliverability 

normal system, 

single 

Table 7. 15 Year Planning Analysis 

Load forecasts for the years 2026 through 2035 from the 2020 PJM Load Forecast Report were used to generate 

load growth scaling factors for each of the highest loaded flowgates in each year.  The DC scaling factors were then 

used to calculate a loading for each flowgate for each year 2026 through 2035. 

Analysis of the Longer-Term System 

PJM evaluated a 2028 (year 8) 50/50 Summer Peak case.  One purpose of this evaluation was to identify any 

thermal or voltage reliability criteria violations in year 2028 that would require a longer term lead time to resolve.  The 

evaluation of the 2028 Summer Peak case did not identify any reliability criteria violations that would require a longer 
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lead time solution.  In addition, this targeted analysis of 2028 summer conditions was benchmarked for consistency 

to the 2028 results from the 15 year analysis procedure. 

Verification of Planned Reinforcements 

Analysis was performed to verify that all planned reinforcements that were identified as part of the 2020 RTEP and all 

previously identified reinforcements acceptably resolved all criteria violations throughout the planning horizon.  

Analysis was also performed to verify that no new potential criteria violations were created as a result of 

implementing the required system reinforcements.   

New Services Queue Analysis 

Analysis for customer requests in the New Services Queue was performed for several different types of New Service 

Requests: Generator interconnection, long term firm transmission service, ARR requests, and Merchant transmission 

requests. The reliability of the requests is determined through two separate technical studies, the feasibility study and 

system impact study.   

The feasibility study is the first study that is performed and is an initial look at the effect of the New Service Request 

on the transmission system.  This study includes generator deliverability analysis that is performed on a summer 

peak load case to analyze the normal system and all single and multiple contingencies (Excluding N-1-1).  

Additionally Short Circuit analysis is performed. 

If a developer elects to move forward and executes a System Impact Study Agreement PJM performs a more 

detailed study of the impact of the proposed request. The system impact study includes thermal analysis (AC 

Generator Deliverability) of the normal system and all single and multiple contingencies (Excluding N-1-1) as well as 

short circuit and stability assessments.  Additionally, and as required based on the type of request made, load 

deliverability analysis may also be performed. 

As part of the system impact study process, steady state voltage studies are performed for all interconnection 

projects. The steady state voltage studies included a check of the applicable voltage magnitude limits under normal 

and contingency conditions.  The voltage of every BES facility was monitored.  The contingencies included in the 

steady state voltage analysis included all multiple contingencies except N-1-1contingencies. 

Specific results of interconnection studies can be found at: 

https://www.pjm.com/planning/services-requests/interconnection-queues.aspx 

Short Circuit Assessment 

PJM conducts short circuit analysis annually to determine whether circuit breakers have interrupting capability for 

Faults that they will be expected to interrupt using the system short circuit model with any planned generation and 

transmission facilities in service which could impact the study area.  Short circuit analysis is performed consistent 

with the following industry standards: 

1) ANSI/IEEE 551-2006 ˈIEEE Recommended Practice for Calculating Short-Circuit Currents in Industrial and 

Commercial Power Systems  
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a) This standard is used to provide short circuit current information for breakers and power system equipment 

used to sense and interrupt fault currents. 

2)  ANSI/IEEE C37.04-1999 ˈIEEE Standard Rating Structure for AC High-Voltage Circuit Breakers  

a) This standard is used to establish the rating structure for circuit breakers and equipment associated with 

breakers. 

3)  ANSI/IEEE C37.010-1999 ˈIEEE Application Guide for AC High-Voltage Circuit Breakers Rated on a 

Symmetrical Current Basis  

a) This standard is used to calculate the fault current on breakers that are rated on a Symmetrical Current 

Basis taking into consideration reclosing duration, X/R ratio differences, temperature conditions, etc. 

4)  ANSI/IEEE C37.5-1979 ˈIEEE Guide for Calculation of Fault Currents for Applications of AC High-Voltage 

Circuit Breakers Rated on a Total Current Basis  

a) This standard is used to calculate the fault current on breakers that are rated on a Total Current Basis. 

 
Each of these standards is used jointly with transmission owners' methodologies as a basis to calculate fault currents 
on all BES breakers. By using these standards, single phase to ground and three phase fault currents are calculated 
and compared to the breaker interrupting capability, provided by the transmission owners, for each BES breaker 
within the PJM footprint. All breakers whose calculated fault currents exceed breaker interrupting capabilities are 
considered overdutied and reported to transmission owners for confirmation. All breakers are used in specific short 
circuit cases which help to identify the cause and year breakers are likely to become overdutied. 
 
Short circuit cases are built consistent with a 2 year planning representation and a 5 year planning representation. 
The 2 year planning case consists of the current system in addition to all facilities planned to be in-service within the 
next year. The 5 year planning case uses the 2 year planning case as its base model and it is updated to include all 
system upgrades, generation projects, and merchant transmission projects planned to be in-service within 5 years. 
The 5 year planning case is similar to the 5 year PJM RTEP load flow basecase.  
 
Once an overdutied breaker is confirmed breaker replacement and reinforcements along with cost estimates are 
determined. Breaker replacements and reinforcements, along with a schedule for implementation, were presented at 
monthly TEAC stakeholder meetings and are contained in the results section of this document. 

Stability Assessment  

PJM performs multiple tiers of analysis to ensure the system will remain stable and have satisfactory dynamic 
performance for disturbances that are consistent with Table 1 of the NERC TPL-001-4 standards. Collectively, the 
studies performed assess system dynamic performance over a wide range of load levels. Whenever system dynamic 
performance does not meet criteria, appropriate reinforcements are incorporated in the system plans and design. 
These measures include the installation of PSS (Power System Stabilizer), Excitation system refinements, dynamic 
or static reactive supports for wind generation plants, relaying and breaker configuration modifications. 
 

 

Stability Studies 2019 RTEP 

Annual baseline stability 

analysis of 1/3 of existing 

stations 

100 
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New Services Queue stability 

analysis 
123 

Total 223 

Table 8. Number of Generation Stations Studied for Stability as Part of the 2019 RTEP 
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ô

 

Map 3. Three-Year Baseline Stability Cycle 

 

Good engineering practices as related to ensuring adequate system dynamic performance for the Bulk Electric 

System starts with proper base case models. PJM uses full ERAG MMWG models as a starting point for the dynamic 

stability analysis. All known transmission system as well as generation model changes available from approved 

system plans are incorporated.  Step response simulations are conducted to detect and correct any modeling errors.  

Case initialization results are carefully analyzed to make sure that all the initial conditions are satisfactory.  A 20 

second no fault simulation is performed to ensure proper parameters are used in the models.  

As part of the 2020 RTEP, several tiers of system stability analysis were performed.  The first tier of this analysis 

includes PJMôs annual comprehensive transient stability assessment of generating stations in the system. The 

annual analysis is performed for one third of the PJM footprint each year.  

The annual baseline analysis includes an evaluation of the system under light load conditions as well as peak load 

conditions.  PJMôs rationale for choosing a light load case is that the light load system conditions are found to be the 

most challenging and severe from a transient stability perspective.  The analysis also includes an evaluation of the 

system under summer peak loading (50/50) conditions.  

PJM incorporates dynamic load models in peak load stability study to consider the behaviors of dynamic loads 

including induction motor loads. Various contingencies near load centers and generation stations are studied to 
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ensure PJM system meets dynamic voltage recovery criteria as well as transient stability and damping criteria. In 

addition PJM evaluates the impact of dynamic load models on the system performance under a stressed power 

transfer condition across PJM eastern interface. 

All PJM stability studies start by testing the system for a major transmission line switching operation. This examines 

the system under system normal conditions, as specified in TPL-001-4. The system response is verified by 

monitoring generating unit angle curves over a 20 second time frame. This test also provides the information to verify 

that all dynamic parameters are correctly initiating and responding properly. The stability test procedure includes a 

simulation of all applicable disturbances on all outlets of generating plants for multiple contingency (P3-P7) 

conditions. Additionally, all existing Remedial Action Schemes and their controlling actions are evaluated to ensure 

their effectiveness.  A visual depiction of the coverage of the three latest baseline stability study cycles is shown in 

Map 3 above. 

 

Map 4. Locations of proposed generation studied for stability in 2020 

 

A second tier of PJMôs stability assessment includes stability analysis for all proposed generator interconnections that 

exceed 20 MWs. New generator interconnections represent a significant modification to the system that could affect 

stability.  In 2020 as part of the generation interconnection process, PJM completed transient stability analysis for 

172 proposed generator interconnections within the PJM footprint.  The locations of these proposed generators are 

shown in Map 4.  In this analysis P0, P1, P2, P3, P4, P5, P6 and P7 conditions were analyzed for disturbances on all 
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