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1.0: Preface

The PJM Regional Transmission Expansion
Plan (RTEP) Report is published annually
to convey planning study results throughout
the year, and to explain the rationale behind
transmission system enhancement need.

In 2018, PJM observed several trends
continued that are discussed throughout this report,
including the ongoing shifting dynamic of PJM’s
generation fuel mix driven by new natural gas-
fired plants and deactivation of coal-fired plants.

Section 1 a high-level summary of the
2018 RTEP activities including RTEP
process improvements and a summary
of projects organized by driver.

Section 2 provides 2018 RTEP project
highlights, generator deactivations and
re-evaluation of previously approved projects

Section 3 summarizes the market efficiency
process including input assumptions,
analysis and competitive windows.

Section 4 includes on overview of the
PJM interregional planning activities.

Section 5 provides the results of the
PJM 2018/19 Stage 1A ARR analysis.

Section 6 includes state summaries, including
a detailed breakdown of interconnection
requests within each individual state in PJM
as well as transmission system enhancements
identified as part of the RTEP analysis.
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Additional resources in this report include:
e Appendix 1 — Load Forecast

e Appendix 2 — TO Zones and
Locational Deliverability Areas

e Glossary
e Topical Index
e Key Maps, Tables and Figures

RTEP Process Description

The online resources below provide
additional description of RTEP process
business rules and methodologies:

e The Manual 14 series contains the specific
business rules that govern the RTEP Process.
Specifically, Manual 14B describes the
methodologies for conducting studies and
developing solutions to solve planning criteria
violations and market efficiency issues. PJM
Manual 14B, Regional Planning Process is
available on the PJM website: http://www.pjm.
com/~/media/documents/manuals/m14b.ashx

Planning

Community

PJM’s online communities create an
easily accessible venue for stakeholders to
collaborate with PJM staff and each other.

The Planning Community allows

stakeholders to collaborate and find
information on planning initiatives, proposal
windows and processes. It includes similar
features to the Member Community,

along with:

e Access to PJM subject matter experts

e Moderated discussions between
generation owners, transmission
owners and PJM staff

Request access at
https://pjm.force.com/planning/s/
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e Schedule 6 of the PJM Operating Agreement
codifies the overall provisions under which PJM
implements its Regional Transmission Expansion
Planning Protocol, more familiarly known (and
used throughout this document) as the PJM
RTEP process. The PJM Operating Agreement is
available on the PJM website: http:/www.pjm.

Additionally, the Planning Committee
makes recommendations regarding generating
capacity reserve requirement and demand-
side valuation factors. Committee meeting
materials and other resources are available
on the PJM website: http://www.pjm.com/
committees-and-groups/committees/pc.aspx.

com/media/documents/merged-tariffs/oa.pdf

e The PJM Open Access Transmission Tariff (OATT)
codifies provisions for generating resource
interconnection, merchant/customer funded
transmission interconnection, long-term firm
transmission service and other specific new
service requests. The PJM OATT is available
on the PJM website: http://www.pjm.com/
media/documents/merged-tariffs/oatt.pdf

e The status of individual PJM Board-approved
baseline and network RTEP projects, as well
as that of Transmission Owner Supplemental
Projects, is available on the PJM website: http://
www.pjm.com/planning/rtep-upgrades-status.aspx

Stakeholder Forums

The Planning Committee, established under the
PJM Operating Agreement, has the responsibility
to review and recommend system planning
strategies and policies as well as planning and
engineering designs for the PJM bulk power
supply system to assure the continued ability of
the member companies to operate reliably and
economically in a competitive market environment.

The Transmission Expansion Advisory Committee
(TEAC) and subregional RTEP committees
continue to provide forums for PJM staff and
stakeholders to exchange ideas, discuss study
input assumptions and review results. Stakeholders
are encouraged to participate in these ongoing
committee activities. TEAC resources are available
on the PJM website: http://www.pjm.com/
committees-and-groups/committees/teac.aspx.

Each subregional RTEP committee provides
a forum for stakeholders to discuss local
planning concerns. Interested stakeholders can
access subregional RTEP committee planning
process information from the PJM website:

e PJM Mid-Atlantic Subregional RTEP
Committee: http://www.pjm.com/committees-
and-groups/committees/srrtep-ma.aspx

e PJM Western Subregional RTEP Committee:
http://www.pjm.com/committees-and-
groups/committees/srrtep-w.aspx

e PJM Southern Subregional RTEP Committee:
http://www.pjm.com/committees-and-
groups/committees/srrtep-s.aspx

The Independent State Agencies Committee
(ISAC) is a voluntary, stand-alone committee
comprising representatives from regulatory and
other agencies in state jurisdictions within the
PJM footprint. Through the activities of the ISAC,
states have an opportunity to provide input on the
assumptions and scenarios that PJM incorporates
in the scope of its RTEP studies. Additional
information is available on the PJM website:
http://pjm.com/committees-and-groups/isac.aspx.
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Errata

PJM Regional Transmission

Expansion Plan - March 29, 2019

Errata — March 29, 2019

Section 1.1: Generation in Transition, p. 10

In the sentence, “Overall, 24 percent of projects requesting capacity uprates reach
commercial operation whereas, only 11.7 percent of new generator requests reach
commercial operation.” The reference to, 42 percent of projects requesting capacity
uprates, has been corrected to 24 percent to reflect the correct percentage.

In Figure 1.9: Queued Generation Progression — Requested Capacity Rights, the reference
to 42 percent of requested projects has also been corrected to 24 percent.
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1.0: 2018 Executive Summary

1.0.1 — Regional Scope
PJM, a FERC-approved RTO, coordinates the
movement of wholesale electricity across a high
voltage transmission system in all or parts of
Delaware, lllinois, Indiana, Kentucky, Maryland,
Michigan, New Jersey, North Carolina, Ohio,
Pennsylvania, Tennessee, Virginia, West Virginia
and the District of Columbia, as shown on
Map 1.1. PJM'’s footprint encompasses major U.S.
load centers from the Atlantic Coast to Illinois
western border, including the metropolitan areas
in and around Baltimore, Chicago, Columbus,
Cleveland, Dayton, Newark and northern New
Jersey, Norfolk, Philadelphia, Pittsburgh,
Richmond, Toledo and the District of Columbia.
PJM’s Regional Transmission Expansion
Plan (RTEP) process identifies transmission
system additions and improvements needed to
serve more than 65 million people throughout
13 states and the District of Columbia. The PJM
system includes key U.S. Eastern Interconnection
transmission arteries, providing members with
access to PJM'’s regional power markets as well
as those of adjoining systems. Collaborating with
more than 1,010 members, PJM dispatches
more than 180,080 MW of generation capacity
over 84,040 miles of transmission lines.

Map 1.1: PJM Backbone Transmission System
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RTO Perspective Figure 1.1: RTEP Process — RTO Perspective

PJM’s RTEP process spans state boundaries shown

Public Policy
in Map 1.1 in the broader context of the RTO
functions shown in Figure 1.1. Doing so gives PJM Stakeholders | Planning Criteria
the ability to identify one optimal, comprehensive
set of solutions to solve reliability criteria violations,
operational performance issues and congestion
constraints. Specific system enhancements are PJM Regional Transmission
L L . Expansion Planning Process
justified to meet local reliability requirements and
deliver needed power to more distant load centers. \
Once the PJM Board approves recommended system
enhancements, new facilities and upgrades to Transmission R —> A
existing ones, they formally become part of PJM’s System Enhancements r\ A
overall RTEP. The PJM Board approval obligates Plan Implementation
designated entities to implement those plans. PJM
recommendations can also include removal of or /
change in scope to previously approved projects if Board
expected system conditions have changed such that Approvals

justification for a project no longer exists.
Figure 1.2: System Enhancement Drivers

System Enhancement Drivers

A 15-year long-term planning horizon allows PJM Load Forecast

to consider the aggregate effects of many factors, Demand Public Policy
Resources

shown in Figure 1.2. Initially, with its inception
in 1997, PJM’s RTEP consisted of system
enhancements mainly driven by load growth and Transmission
generating resource interconnection requests. Today, Service
PJM’s RTEP process studies the interaction of
many drivers, including those arising out of public RTEP
policy, market efficiency, interregional coordination . Development Capacity
- . Operational
and resilience. Importantly though, as Figure 1.2 T ey Res:;rrdce&
indicates, RTEP development considers all drivers
through a reliability criteria lens. PJM’s RTEP
process encompasses a comprehensive assessment
of system compliance with the thermal, reactive,
stability and short-circuit North American Electric
Reliability Corporation (NERC) Standard TPL-001-4
events PO through P7 as described in Section 1.2.

Resilience

g e(\'b._
ility CO

Aging
Infrastructure

Market

Efficiency

Interregional
Coordination
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Highlights of projects identified and
approved by the PJM Board during 2018
appear in Section 2. Details of specific large-
scale projects — those greater than $10 million
in scope — are presented in Section 6.

2018 PIM Board Approvals
Since 1999, the PJM Board has approved
transmission system enhancements totaling $37.1
billion. Of this, $29.9 billion represents baseline
projects to ensure compliance with NERC, regional
and local transmission owner planning criteria
and to address market efficiency congestion
relief. An additional $7.2 billion represents
network facilities to enable more than 85,000
MW of new generation to interconnect reliably.

A summary of projects by status as of
December 31, 2018, appears in Figure 1.3.
The numbers provide a snapshot of one point
in time, as with an end-of-year balance sheet.
The $37.1 billion total reflects a net $2 billion
increase over December 31, 2017. The year-
over-year differentials are detailed in Table 1.1
and graphically portrayed in the Figure 1.4 and
Figure 1.5 waterfall diagrams for RTEP baseline
and network projects. The PJM Board approved
139 new baseline projects at an estimated cost
of $2.1 billion and 251 new network transmission
projects at an estimated cost of nearly
$1 billion. These totals were offset by revised
cost estimate changes and project cancellations
for previously approved RTEP elements.

Section 1: 2018 Executive Summary ﬂ

Figure 1.3: Board Approved RTEP Projects as of December 31, 2018
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PJM recommends canceling a network
system enhancements from the RTEP when the
queue project driving the need for the network
project withdraws from the queue. Withdrawals
at this point in the interconnection process are
typically driven by developer business decisions,
including PJM Reliability Pricing Model (RPM)
auction activity, siting challenges, financing
challenges or other business model factors.

Network

A discussion of Supplemental Projects
including summaries by driver and voltage greater
than $10 million is included in Section 2.3.
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Table 1.1: RTEP Project Cost Differentials — December 31, 2017 vs. December 31, 2018

Value at the end of 2017 (start)
Cost of new projects (new)

Cost changes to existing projects (change)

Cost of canceled projects (canceled)

Value at the end of 2018 (end)

Baseline Projects ($M)

2,1882.6
2,065.45
55.08
-142.56
29,860.57

Network Projects ($M)

722179
986.33
1,404.95
-1,137.19
8,481.99

Figure 1.5: Network Project Differentials — 2018

Figure 1.4: Baseline Project Differentials — 2018
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Shifting RTEP Dynamics

The $2.1 billion of baseline transmission
investment approved during 2018 continues to
reflect a shift in the dynamics driving transmission
expansion needed through study year 2025.

Flat load growth, energy efficiency, generation
shifts and aging infrastructure drivers — among
others — continue to shift transmission need

away from large-scale, cross-system backbone
projects towards projects focusing on transmission
owner criteria. PJM Board-approved projects in
2018 will address market efficiency congestion
and solve localized reliability criteria violations.
Figure 1.6 reflects lower investment at 345 kV
and above over the past four years and higher
levels of transmission investment at 230 kV.

Flat Load Growth

PJM’s 2018 RTEP baseline power flow model

for study year 2023 was based on the 2018

PJM Load Forecast Report, summarized in
Appendix 1, showing a 10-year RTO summer
normalized peak growth rate of 0.4 percent.
Average 10-year annualized summer growth

rates for individual PJM zones ranged from -0.2
percent to 0.8 percent. Load forecasts from the
past five years reflect broader trends in the U.S.
economy and PJM model refinements to capture
evolving customer behaviors. These include more
efficient manufacturing equipment and home
appliances and distributed energy resources such
as behind-the-meter roof-top solar installations.

Section 1: 2018 Executive Summary ﬂ

Figure 1.6: Approved Baseline Projects by Voltage 2015-2018

Estimated Cost ($M)

$3,500 -

$3,000 -

$2,500 -

$2,000 -

$1,500 -

$1,000 -

$500 -

W 2018

m 2017

2016

W 2015

$0-

<100 kV 100-200 kV 230 kV 345 kV 500 kV 765 kv

PIM © 2019 PIM 2018 Regional Transmission Expansion Plan



Section 1: 2018 Executive Summary

Changing Capacity Mix

PJM’s RTEP process continues to manage an
unprecedented capacity shift driven by federal and
state public policy and broader fuel economics:

e New generating plants powered by
Marcellus and Utica shale natural gas

e New wind and solar units driven by
federal and state renewable incentives

e Generating plant deactivations

e Market impacts introduced by demand
resources and energy efficiency programs

RPM-eligible natural gas-fired generation
capacity now exceeds that of coal. Natural gas
plants totaling over 50,600 MW constitute
67 percent of the generation currently seeking
capacity interconnection rights in PJM’s new
services queue.

If formally submitted deactivation plans come
to fruition, more than 27,000 MW of coal-fired
generation will have deactivated between 2011
and 2020. The economic impacts of environmental
public policy coupled with the age of these plants —
many more than 40 years old — make ongoing
operation prohibitively expensive. PJM continued to
receive deactivation notifications throughout 2018,
totaling 12,279 MW. The impacts of deactivation
notices received during 2018 are discussed
in Section 2.1.

PJM 2018 Regional Transmission Expansion Plan

Distributed Energy Resources

Distributed energy resources are introducing
another dynamic into PJM’s RTEP process.

The resources can remain behind-the-meter

or participate in PJM markets. Distributed
energy resources seeking to participate in PJM’s
capacity market must do so via PJM’s RTEP
new services queue process. This ensures that
necessary transmission and distribution system
improvements are in place to preserve reliability
and market participation. Distributed energy
devices like roof-top solar remain behind-the-
meter and do not participate in the PJM capacity
market. Nonetheless, they impact the demand
side of PJM resource adequacy. Additionally,
these units impact PJM’s load forecast, both

on a day ahead and real time basis, as well as
longer term planning forecasts. For instance,
distributed solar generation acts to offset load,
making it lower than it otherwise would be.

Aging Infrastructure
Existing facilities at all voltage levels are reaching
the end of their useful lives, requiring RTEP
projects to ensure that reliability is maintained.
PJM has observed that transmission owner
aging infrastructure criteria are increasingly
driving the need for investment. Condition
assessments have identified deteriorating
facilities built in the 1960s and earlier.
Planning for aging infrastructure is not
new to PJM. Spare 500/230 kV transformers,
500 kV line rebuilds and a number of other
transmission enhancements to mitigate
potential equipment failure risk are already
an important part of PJM’s RTEP.

PIM© 2019
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1.1: Generation in Transition

1.1.1 — Shift to Natural Gas Continues
PJM’s 184,724 MW of RPM-eligible
existing installed capacity reflects a fuel mix
comprising 40 percent natural gas, 31 percent
coal and 18 percent nuclear, as shown in
Figure 1.7. Hydro, wind, solar, oil and waste
fuels constitute the remaining 11 percent.
A diverse generation portfolio reduces the
system risk associated with fuel availability
and reduces dispatch stack price volatility.
Natural gas powers 67 percent of the
generation in PJM’s interconnection queue,
shown in Figure 1.8. Favorable fuel economics
have emerged with the development of the
Marcellus and Utica shale formations natural
gas reserves, located in the middle of PJM’s
footprint. Figure 1.8 shows PJM’s fuel mix based
on requested interconnection capacity rights
for generation that is active, under construction
or suspended as of December 31, 2018.

Figure 1.7: PJM Existing Installed Capacity Mix RPM Eligible Capacity (December 31, 2018)

Hydro, 8,346 MW
Solar, 640 MW o

Qil, 9,499 MW

Wind, 1,165 MW

Coal, 56,653 MW
Nuclear, 33,362 MW ——

Waste, 865 MW

Natural Gas, 74,194 MW

Figure 1.8: PIM Queued Generation Fuel Mix — Requested Capacity Interconnection Rights (December 31, 2018)

Solar, 18,751 MW
[Nameplate Capacity, 33,281 MW]

Methane, 8 MW
Other, 240 MW\:'

Storage, 515 MW

Coal, 146 MW
Wind, 4,845 MW
(Nameplate Capacity, 25,793 MW

QOil, 14 MW
Diesel, 4 MW

Wood, 66 MW
Hydro, 580 MW
[Nameplate Capacity, 1,077 MW]

* Note: Nameplate Capacity
represents a generator’s rated

Natural Gas, 50,602 MW full power output capability.
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Interconnection requests by fuel type and
status for renewable and non-renewable fuels are

summarized in Table 1.2 and Table 1.3, respectively.

1.1.2 — Renewables
PJM’s interconnection queue process continues
to see renewable-powered generation growth.
As Figure 1.8 and Table 1.2 show, queued
requests as of December 31, 2018, for
capacity interconnection rights (CIRs) totaled

Table 1.2: Requested Capacity Interconnection Rights, Renewable Fuels (December 31, 2018)

4,845 MW for wind-powered generators, as

of December 31, 2018, that were actively

under study, suspended or under construction.
Those CIRs correspond to nameplate capacity
totaling 25,793 MW. Queued solar-powered

generator requests for CIRs totaled 18,751

MW that were actively under study, suspended
or under construction. Those CIRs correspond
to nameplate capacity totaling 33,281 MW.

Nameplate Capacity vs. Capacity
Interconnection Rights

Nameplate capacity represents a generator’s

rated full power output capability. As Figure 1.8
shows, nameplate capacity is typically much
greater than CIRs for wind and solar powered

generators. This arises from the fact that while

some renewable resources can operate continually
like conventional fossil-fueled power plants, others
operate intermittently, such as wind and solar.

In Queue Complete
Active Suspended Under Construction In Service Withdrawn Grand Total
Number  Capacity, Number  Capacity, Number  Capacity, Number  Capacity, Number  Capacity, Number Capacity,
of Projects Mw of Projects MW of Projects Mw of Projects MW of Projects Mw of Projects Mw
Biomass 1 4.0 0 0.0 0 0.0 12 268.8 BY 682.9 48 955.7
Hydro 4 517.4 0 0.0 4 62.2 29 1,208.5 a4 1,876.4 81 3,664.5
Methane 1 0.8 0 0.0 3 7.4 92 436.0 95 488.1 191 932.3
Solar 422 17,341.0 32 171.3 77 1,239.0 146 704.5 984 14,240.5 1,661 33,696.2
Wind 77 3,948.8 10 174.3 32 722.3 84 1,555.4 427 12,046.2 630 18,446.9
Wood 0 0.0 1 16.0 1 50.0 1 4.0 3 137.0 6 207.0
Total 505 21,8120 43 361.5 17 2,080.8 364 4,171.3 1,588 29,4711 2,617 57,902.6

Table 1.3: Requested Capacity Interconnection Rights, Non-Renewable Fuels (December 31, 2018)

In Queue Complete
Active Suspended Under Construction In Service Withdrawn Grand Total
Number  Capacity, Number  Capacity, Number  Capacity, Number  Capacity, Number  Capacity, Number Capacity,
of Projects Mw of Projects MW of Projects Mw of Projects MwW of Projects Mw of Projects Mw
Coal 2 29.0 0 0.0 5 117.2 59 2,1822 69 33,537.6 135 35,866.0
Diesel 0 0.0 0 0.0 1 4.1 10 12.4 15 76.7 26 153.2
Natural Gas 108 31,034.2 18 4,019.4 50 15,548.6 292 40,713.1 599 220,820.2 1,067 312,135.5
Nuclear 8 1254 0 0.0 1 44.0 43 3,881.6 18 8,988.0 70 13,039.0
0il 1 14.0 0 0.0 0 0.0 18 539.8 22 2,300.0 41 2,853.8
Other 2 240.0 0 0.0 0 0.0 7 376.5 82 1,068.8 91 1,685.3
Storage 37 507.3 11 5.8 27 1.9 23 0.1 115 476.9 213 992.0
Total 158 31,949.9 29 4,025.2 84 15,715.8 452 47,765.7 920 267,268.2 1,643 366,724.8
m PJM 2018 Regional Transmission Expansion Plan PIM© 2019



Wind turbines can generate electricity only
when wind speed is within a range consistent
with turbine physical specifications. This presents
challenges with respect to real-time operational
dispatch and capacity rights. To address the
latter concern, PJM has established a set of
business rules unique to intermittent resources for
determining capacity rights. This value is used to
ensure resource adequacy based on the amount
of power output PJM can expect from each unit
over peak summer hours. PJM business rules
permit these values to change as annual operating
history data for individual units may merit.
Until such time, these class averages establish
the amount of CIRs that a unit may request.

Generators powered by intermittent resources —
such as wind — frequently require analytical studies
unique to their particular characteristics. For
example, wind-powered generator requests have
clustered in remote areas that are most suitable
to their operating characteristics and economics
but have less access to robust transmission
infrastructure. Such an injection of power
increases system stress in areas already limited
by real-time operating restrictions. Consequently,
RTEP studies include complex power system
stability and low-voltage ride-through analyses.

The interconnection study process is described
in PJM Manual 14A, New Services Request
Process, available on the PJM website: http://www.
pjm.com/-/media/documents/manuals/m14a.ashx.

PJM'’s resource mix includes energy storage projects
as a means to enhance operational flexibility. The
importance of these projects continues to grow.
There are 27 storage devices located in PJM

that are in service or partially in service, totaling
277 MW as of December 31, 2018. These devices
consist mainly of battery and flywheel technology.
A number of these are part of hybrid plants that
are paired with wind-powered generation. Mainly
energy-only devices, these storage facilities
participate in PJM Ancillary Services Markets.
Many of them supply frequency regulation. Other
prototype projects within PJM are exploring the
benefits of electric vehicle-to-grid technology

and thermal storage, which uses large electric
water heaters that respond to grid needs.

One of the challenges facing grid operators
like PJM is the inability to store electricity during
times of oversupply or low price for later use
during times of high demand, high prices or
other power source unavailability. Unlike other
forms of energy, electricity cannot be stored in a
conventional sense. Electricity is consumed at the
time it is produced. Until recently, the only large-
scale energy storage option for electricity available
was pumped-storage hydroelectricity. Pumped
storage resources, though, are difficult to build.

Future storage innovations, could provide
PJM a number of options: improved battery
technology, flywheels, compressed air energy
storage, thermal storage and hybrid-electric
vehicles. These technologies will become even
more important as intermittent renewable energy
sources play a greater role in PJM’s resource mix.

PIM© 2019
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Storage as a Transmission Asset

The Federal Energy Regulatory Commission
(FERC), decided in 2010 to address the
classification of energy storage devices on a case-
by-case basis. In the same order, FERC ruled
that, given certain specific criteria being met,
storage devices could be treated as transmission
facilities and therefore be compensated in the
same way as other transmission facilities.

More recently, as part of the 2018 RTEP
Proposal Window No. 1, discussed in Section 2,
PJM received one proposal that includes battery
energy storage systems. This proposal sought
to address an overload of a 69 kV circuit for a
single contingency loss of another 69 kV circuit
by installing a battery storage devices in the area.
Evaluation of this proposal continues into 2019.

1.1.4 —

Interconnection Activity

The generation interconnection process has three
study phases: Feasibility, System Impact and
Facilities Studies to ensure that new resources
interconnect without violating established

NERC and regional reliability criteria. Each
generator that completes the necessary system
enhancements becomes eligible to participate

in PJM Capacity and Energy Markets.

PJM 2018 Regional Transmission Expansion Plan
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Generation Queue Activity

PJM markets have attracted generation proposals
totaling 370,913 MW, as shown in Figure 1.9. and
over 53,762 MW of interconnection requests we're
actively under study. Over 22,184 MW were under
construction or suspended as of December 31,
2018, While withdrawn projects make up a
significant portion of total interconnection request
activity, the numbers simply reflect ongoing
business decisions by developers in response

to changing public policy, regulatory, industry,
economic and other competitive factors. PJM’s
queue-based interconnection process offers
developers the flexibility to consider and explore
cost-effective interconnection opportunities.

Queue Progression History

PJM reviews generation queue progression annually
to understand trends more fully. As shown in
Figure 1.9, PJM received 370,913 MW of queued
generation interconnection requests for capacity
interconnection rights from Queue A in 1999
through December 31, 2018. Only 55,876 MW —
15 percent — of these projects have reached
commercial operation. Note that Figure 1.9 reflects
requested capacity interconnection rights that

are lower than nameplate capacity given the
intermittent operational nature of wind and solar
powered plants, as described earlier.

Following interconnection service agreement
(ISA) or wholesale market participant agreement
(WMPA) execution, 17,822 MW of capacity
with ISAs and 767 MW of capacity with WMPAs
withdrew from PJM'’s interconnection process.
Overall, 24 percent of projects requesting
capacity uprates reach commercial operation
whereas, only 11.7 percent of new generator
requests reach commercial operation.

Tahle 1.4: Study Requests Queued Since 1999

Number Requested Capacity Nameplate
Status of Projects Interconnection Rights (MW) Capacity (MW)
Active 663 53,762 85,430.5
In Service 816 51,943 61,128.0
Under Construction 201 17,797 23,433.9
Suspended 12 4,387 6,089.3
Withdrawn 2,508 296,739 368,341.9
Total 4,260 424,621 544,423.5
Figure 1.9: Queued Generation Progression — Requested Capacity Rights (December 31, 2018)
E S
< [09)
o ~
i o
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Applications Feasibility Impact Facilities In Service
Received Studies Studies Studies :
by PJM Issued Issued Issued ® .
: Construction
O of Facilities
Executed
O Projects withdrawn after final agreement ISA/WMPA
¢ 135 Interconnection Service Agreements — 17,822 MW{NamepIate Capacity, 23,954 MW}
® 229 Wholesale Market Participation Agreements — 767 MW <| Nameplate Capacity, 1,717 MW |
® Percentage of planned capacity and projects ’
/ NOTE:

reached commercial operation
® 15.1 % requested capacity megawatt
® 24 % requested projects

Note: Figure 1.9 does not include projects that are listed as
active in the queue process prior to required agreement execution.

A Wholesale Market Participant Agreement (WMPA) is
executed among PJM, the generator owner and the

TO if the transmissi
seeks interconnecti

on facility to which a generator
on is not FERC jurisdictional. This

is frequently the case with generators connecting at
the distribution level voltages on facilities over which
FERC does not have jurisdiction.
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Interconnecting Reliably Figure 1.10: Generator Deliverability Concept

Section 1: 2018 Executive Summary ﬂ

A key component of PJM’s RTEP process is
the assessment of queued interconnection
requests and the development of transmission
enhancement plans to resolve reliability
criteria violations identified under prescribed
deliverability tests. Since 1999, the PJM Board
has approved network facility reinforcements
totaling $7.2 billion to interconnect over
85,00 MW of new generating resources and
satisfy other new service requests — merchant
transmission interconnection, for example. The
PJM Board approved 60 new network system
enhancements totaling $1.1 billion in 2018 alone.
As described in Section 1.2, PJM tests for
compliance with all reliability criteria imposed
by the NERC and regional reliability criteria.
Specifically, NERC reliability standards require that
PJM identify system conditions that sufficiently
stress the transmission system be evaluated to
ensure that the transmission system meets the
performance criteria specified in the standards.
PJM’s generator deliverability test prescribes
the test conditions for ensuring that sufficient
transmission capability exists to deliver generating
capacity reliably from a defined generator or area to
the rest of PJM load, as illustrated in Figure 1.10.
In addition to generator interconnection requests,
PJM conducts this power flow test under summer
and winter peak load conditions, when capacity is
most needed to serve load, as well as under light
load conditions to ensure that a range of resource
combinations and conditions is examined.

Test - Strength of the transmission
system to ensure that the aggregate
of generators in a given area can be
reliably transferred to the rest of PJM.

PIM© 2019
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1.1.5 — Deactivations

PJM received 63 deactivation notifications in
2018 totaling 12,279 MW. This was up from the \ y L :
previous five years, but below the 14,444 MW of : ; r e OIS

Map 1.2: PJM Generator Deactivation Notifications Received January 1, 2018 through December 31, 2018
v

announced deactivations in 2012. By contrast, — i, bt Warren
dsiake 4 Coun
PJM received and studied deactivation requests \ hicago Gy, _ Land;yll

for only 11,000 MW in total during the eight years
ending November 1, 2011. Map 1.2 shows the
deactivation request locations received between
January 1, 2018, and December 31, 2018.
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Generator owners have requested deactivation =8 d nits 17, AES Ba,hadoes 3
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deactivation requests, accessible via the Unlts m

following link: https://www.pjm.com/planning/
services-requests/gen-deactivations.aspx.
PJM has 30 days in which to respond to a
generator owner with deactivation study results. % ¥
Deactivation reliability studies comprise thermal 7 ‘ e {Bugas jslandy
and voltage analysis, including generator ; ‘
deliverability, common mode outage, N-1-1
analysis and load deliverability tests. System
expansion solutions may include upgrades to
existing facilities, scope expansion for current Legend
baseline projects already in the RTEP, or
construction of new transmission facilities.
Generator deactivations alter power flows that
can cause transmission line overloads and, given
reductions in system reactive support from those
generators, can undermine voltage support. In
some instances, reliability criteria violations
caused by unit deactivation have been resolved
by RTEP enhancements already approved by
the PJM Board or by supplemental projects
proposed by the incumbent transmission owner.
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1.2: Project Drivers in Transition

PJM’s RTEP process rigorously applies NERC's
Planning Standard TPL-001-4 through a wide
range of reliability analyses — including load
and generation deliverability tests — over a
15-year planning horizon. PJM documents
all instances where the system does not meet
applicable reliability standards and develops
system reinforcements to ensure compliance.
NERC penalties for violation of a standard can
be as high as $1 million per violation per day.
PJM addresses transmission expansion
planning from a regional perspective, spanning
transmission owner zonal boundaries and state
boundaries to address the comprehensive impact
of many system enhancement drivers, including
NERC reliability criteria violations. Reliability
criteria violations may occur locally, in a given
transmission owner zone, driven by an issue in
that same zone. Violations may also be driven
by some combination of regional factors.

Bulk Electric System Facilities

NERC's planning standards apply to all bulk electric
system (BES) facilities, defined by ReliabilityFirst
Corporation and the SERC Reliability Corporation to
include all of the following power system elements:

1. Individual generation resources larger than
20 MVA or a generation plant with aggregate
capacity greater than 75 MVA that is connected
via step-up transformer(s) to facilities
operated at voltages of 100 kV or higher

2. Lines operated at voltages of 100 kV or higher

3. Associated auxiliary and protection and control
system equipment that could automatically trip
a BES facility, independent of the protection
and control equipment’s voltage level (assuming
correct operation of the equipment)

The ReliabilityFirst definition of BES excludes
the following:

1. Radial facilities connected to load-serving
facilities or individual generation resources
smaller than 20 MVA or a generation plant with
aggregate capacity less than 75 MVA where the
failure of the radial facilities will not adversely
affect the reliable steady-state operation of other
facilities operated at voltages of 100 kV or higher

PIM© 2019

2. The balance of generating plant control and
operation functions (other than protection
systems that directly control the unit itself
and its associated step-up transformer), which
facilities would include relays and systems that
automatically trip a unit for boiler, turbine,
environmental and/or other plant restrictions

3. All other facilities operated at
voltages below 100 kV

Given this BES definition, PJM conducts
reliability analyses to ensure system compliance
with NERC Standard TPL-001-4. If PJM
identifies violations, it develops transmission
expansion solutions to resolve them, frequently
as part of its RTEP window process.

PJM 2018 Regional Transmission Expansion Plan
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NERC Reliability Standard TPL-001-4

Under NERC Reliability Standard TPL-001-4,
“planning events” — as NERC refers to them — are
categorized as PO through P7 and defined in the
context of system contingency. PJM studies each
event as part of one or more steady-state analyses
as described in Table 1.5 and described in PJM
Manual 14B, PJM Region Transmission Planning
Process, available on the PJM website.

e PO - No Contingency

e P1 - Single Contingency

e P2 - Single Contingency (bus section)
e P3 - Multiple Contingency

e P4 — Multiple Contingency
(fault plus stuck breaker)

e P5 - Multiple Contingency (fault
plus relay failure to operate)

e P6 — Multiple Contingency
(two overlapping singles)

e P7 — Multiple Contingency
(common structure)

Consistent with NERC definitions, if an
event comprises an equipment fault such that
the physical design of connections or breaker
arrangements also takes additional facilities out of
service, then they are taken out of service as well.
For example, if a transformer is tapped off a line

Tahle 1.5: Mapping RTEP Analysis to NERC Planning Events

Steady-State Analysis NERC Planning Events

Base Case N-0 — No Contingency Analysis
Base Case N-1 — Single Contingency Analysis
Base Case N-2 — Multiple Contingency Analysis
N-1-1 Analysis

Generator Deliverability

Common Mode Outage Procedure

Load Deliverability

Light Load Reliability Criteria

PO

P1

P2, P4, P5, P7
P3, P6

PO, P1

P2, P4, P5, P7
PO, P1

P1,P2, P4, P5, P7

PJM N-O analysis — shown in Table 1.5 as
a NERC planning event is mapped to planning
event PO — examines the bulk electric system
as-is, with all facilities in service. PJM identifies
facilities that have pre-contingency loadings that
exceed applicable normal thermal ratings. Bus
voltages are also identified that violate established
limits specified in PJM Manual 3 Transmission
Operations, available on the PJM website.

Similarly, N-1 analysis — mapped to planning
event P1 — requires that BES facilities be tested
for the loss of a single generator, transmission
line or transformer. Likewise, bus voltages that
exceed limits specified by PJM Manual 3 are
also identified. Generator and load deliverability
tests are also applied to event P1.

PJM N-1-1 analysis — mapped to planning
events P3 and P6 — examines the impact of
two successive N-1 events with re-dispatch and
system adjustment prior to the second event.
Monitored facilities must remain within normal
thermal and voltage limits after the first N-1
contingency and re-dispatch and within applicable

PJM’s N-2 multiple contingency and common
mode analyses evaluate planning events P2,

P4, P5 and P7 to look at the loss of multiple
facilities that share a common element or system
protection arrangement. These include bus
faults, breaker failures, double-circuit tower line
outages and stuck breaker events. N-2 analysis
is conducted on the base case itself.

Common mode analysis is conducted
within the context of PJM'’s deliverability
testing methods, discussed in PJM Manual
14B, PJM Region Transmission Planning
Process available on the PJM website.

NERC Standard TPL-001-4 includes extreme
events as well. PJM studies system conditions
following a number of extreme events, also known
as maximum credible disturbances, judged
to be critical from an operational perspective
for risk and consequences to the system.

without a breaker, both the line and transformer are
removed from service as a single contingency event.

emergency thermal ratings and voltage limits
after the second as specified in PJM Manual 3.
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Stahility Requirements

PJM conducts stability studies to ensure that
the planned system can withstand NERC criteria
disturbances and maintain stable operation
throughout PJM’s planning horizon. NERC
criteria disturbances are those required by the
NERC planning criteria applicable to system-
normal, single-element outage and common-
mode multiple-element outage conditions.

A key aspect of NERC Reliability Standard
TPL-001-4 also calls for modeling the dynamic
behavior of loads as part of stability analysis at
peak load levels. Prior to TPL-001-4 standard
implementation, stability analyses were
conducted on static load models that may not
necessarily have captured the dynamic nature
of real and reactive components of system loads
and energy efficient loads, for example. From
an analytical perspective, this requirement
enhances analysis of fault-induced delayed
voltage recovery or changes in load characteristics
like that of more energy efficient loads.

1.2.2 — Transmission Owner Criteria

The PJM Operating Agreement specifies that
individual transmission owner (TO) planning
criteria are to be evaluated as a part of the RTEP
process, in addition to NERC and PJM regional
criteria. Frequently, TO planning criteria address
specific local system conditions, such as in urban
areas. TOs are required to include their individual
criteria as part of their respective FERC Form

No. 715 filings. TO criteria can be found on

the PJM website: http://www.pjm.com/planning/
planning-criteria/to-planning-criteria.aspx.

Figure 1.11: Window Eligibility

Section 1: 2018 Executive Summary ﬂ

Eligible

. Operational Performance
| Marketefdeny
/

As part of its RTEP process, PJM applies
TO criteria to the respective facilities that are
included in the PJM Open Access Transmission
Tariff (OATT) facility list. While transmission
enhancements driven by TO criteria are considered
RTEP baseline projects, they are assigned to the
incumbent TO and are not eligible for proposal
window consideration, as shown in Figure 1.11.
Under the terms of the OATT, the costs of such
projects are allocated 100 percent to the TO zone.

2018 Transmission Owner Criteria-Driven Projects
PJM has observed that TO aging infrastructure
criteria are increasingly driving the need for
baseline projects. Review of facilities built in the
1960s and earlier have revealed deteriorating
facilities. Planning for aging infrastructure

is not new to PJM. Spare 500/230 kV

Ineligible

Transmission Owner Criteria

Generation Deactivation

transformers, aging 500 kV line rebuilds and
other equipment enhancements approved in
prior years are already part of the RTEP.

In other instances, TO criteria encompass
local loss-of-load thresholds, particularly on radial
facilities. The threshold for some is on a megawatt-
mile basis, others on a megawatt-magnitude
basis to reduce the extent of load impacted.

Section 2.2.1 summarizes TO criteria-
driven transmission projects with cost
estimates greater than $10 million, as
approved by the PJM Board in 2018.

PIM© 2019
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2018 RTEP Summary

As RTEP dynamics shift, PJM has observed a
correlated shift in the categories of projects that
PJM analyzes and ultimately recommends for
inclusion in the RTEP. Figure 1.12 summarizes
the total dollars approved by the PJM board for
inclusion in the 2018 RTEP, categorized by driver.

Figure 1.12: 2018 RTEP Baseline Projects by Driver

Transmission Owner
Criteria, $1,510

Short Circuit, $44

Operational
Performance, $113

PSE&G, $1,063
RECO, $22

AEP, $71

2018
FERC 715
Transmission
Owner Criteria

$1,510 M

2018
Baseline Projects

$2,071M

Dominion, $295

O

Generator Deactivation, $261

Congestion
Relief - Economic, $44

Baseline Load Growth /

Deliverability and
Reliability, $99
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1.2.3 — Market Efficiency
PJM’s RTEP process includes a market efficiency
analysis to accomplish the following goals:

e Determine which reliability-based enhancements
have economic benefit if accelerated

e |dentify new transmission enhancements
that may realize economic benefit

¢ |dentify the economic benefits associated
with reliability-based enhancements already
included in the RTEP that, if modified, would
relieve one or more congestion constraints,
providing additional economic benefit

PJM identifies the economic benefit of proposed
transmission projects by conducting production-
cost simulations. These simulations show the extent
to which congestion is mitigated by the project for
specific study-year transmission and generation
dispatch scenarios. Economic benefit is determined
by comparing future-year simulations both with and
without the proposed transmission enhancement.

The metrics and methods used to determine
economic benefit are described in Section 4.3.
During 2018, the PJM Board approved 2 projects
driven by market efficiency totaling $25.7 million.

Figure 1.13: Market Efficiency Analysis Parameters

Section 1: 2018 Executive Summary ﬂ
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1.3: RTEP Process
Improvement Milestones

PJM’s RTEP process is not static. It continues to
evolve with the scope of system enhancement
drivers it addresses, as described earlier in
Section 1.0. Process improvements continued in
2018, milestones for which are discussed below.

Supplemental Planning Process/Transparency
PJM’s Markets and Reliability Committee
authorized the creation of the Transmission
Replacement Processes Senior Task Force
(TRPSTF) in 2016. The TRPSTF is charged
with increasing transparency and consistency
in the establishment, communication and the
review of aging infrastructure supplemental
projects. It also considers potential criteria
and guidelines for transmission owner aging
infrastructure projects. The TRPSTF arose in part
due to concern over the increase in supplemental
projects and aging infrastructure replacements.
With reduced load growth and growing
distributed technologies, the drivers for new
transmission investment are shifting to those
associated with the replacement of aging
transmission infrastructure and attachment of
new concentrated loads (e.g., new data centers).

FERC issued a Show Cause Order in August
2016 establishing a proceeding to determine
whether the PJM transmission owners are
complying their Order 890 obligations specific
to supplemental projects. In October 2016, the
PJM transmission owners filed a proposed a
new PJM Tariff, Attachment M-3 process, which
provides additional detail and transparency
regarding the process for planning supplemental
projects, and PJM proposed revisions to the
Operating Agreement, Schedule 6 to ensure
compliance with Order No. 890. In compliance
with FERC Order dated February 2018 the
PJM transmission owners revised Attachment
M-3 to further enhance the supplemental
project planning process by including timelines
specific to providing opportunity for review and
comment of local TO assumptions, needs and
solutions. In September 2018, FERC issued
an Order accepting the Attachment M-3 and
Operating Agreement revisions. Following
discussions with PJM stakeholders, PJM also
revised Manual 14B to, among other things,
include references to the TOs Attachment M-3
supplemental project planning process.

Market Efficiency Process Enhancements

The Market Efficiency Process Enhancement
Task Force (MEPETF) was chartered in January
2018 under the auspices of the PJM Planning
Committee. The mission of this group is to
review, evaluate and discuss challenges and

PIM© 2019

potential solutions necessary to improve the
Market Efficiency Process. The task force has
been investigating a number of tasks, including:

e Provide educational material
e Evaluate benefit-to-cost calculation

e Evaluate facility service
agreement (FSA) modeling

e FEvaluate the market efficiency re-evaluation
process and mid-cycle assumption update

e [nterregional market efficiency project selection

e Evaluate regional targeted
market efficiency process

e Update market efficiency
mid-cycle assumption and model

The reviews are being conducted in two
phases. Strawman polls among the task force
are providing direction for additional review to
be conducted in 2019. More information can be
accessed on the PJM website: https:/pjm.com/
committees-and-groups/task-forces/mepetf.aspx.
Additional discussion on the MEPETF activities
including those that continued into 2019 are
included in Section 3.

PJM 2018 Regional Transmission Expansion Plan
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FERC Generator Interconnection Order

FERC Order No. 845 became effective
July 23, 2018. This order adopted reforms
for generation interconnection to the grid
focusing on the following topics:

e Customer’s option to build

e Dispute resolution

e [dentification and definition of
contingent facilities

e Transparency regarding study
models and assumptions

e [nterconnection study deadlines

e Requesting interconnection service
below generation facility capacity

e Provisional interconnection service

e Utilization of surplus
interconnection service

e Material modification and incorporation
of advanced technologies

PJM has drafted a number of changes
to comply with the order. Final compliance
filings will be due in 2019 pending FERC
order on request for rehearing.

PJM 2018 Regional Transmission Expansion Plan

Summer Only Demand Response
PJM worked with the Summer Only Demand
Response Senior Task Force during 2018 to
develop a proposal to improve long-term zonal
and RTO load forecasts. The proposal attempts
to respond to participant Demand Response
(DR)program design while still satisfying PJM’s
planning needs to be both predictable and
measurable. The purpose is to improve demand
response resource evaluation that are only
available during the summer. Adjusting the load
forecasting process would provide an alternative
to supply-side participation in the capacity market
and more accurately capture the peak-shaving
actions of these resources in the load forecasts.
Participation would be restricted to load
reduction programs (both direct control and
behavioral) governed by a tariff or an order
approved by each state’s applicable regulatory
authorities. Participants would be responsible
for satisfying the peak-shaving adjustment
requirements. They would not also participate as
demand response or as price responsive demand for
the same delivery year to avoid double-counting.
The program details the information that must
be provided to PJM, the time frames by which
programs must be filed in order to be included in
the next PJM load forecast, the metrics to measure
participant performance and the value received
by those participants, in the form of avoided
capacity costs, adjusted for their performance.
OATT and Reliability Assurance Agreement
(RAA) filings were made with FERC on
December 7, 2018. Based on FERC's decision
on the filing, participant peak-shaving plans
could be used in the 2022/2023 Base Residual
Auction conducted in August 2019.

PIM© 2019

Loss of Load Expectation (LOLE) —
Peak Winter Generation
The severe winter weather in 2014 and 2015
resulted in a large amount of forced and planned
generation outages. PJM and the Resource
Adequacy Analysis Subcommittee completed an
analysis to investigate whether the capacity model
used in the Reserve Requirement Study accurately
reflected historical forced and planned generation
outage observations during the winter peak week.
The study concluded that forced and planned
generation outages in the model understated
the amount of generation unavailable during
the peak week of the winter compared with
historical outage levels. The model had previously
assumed that forced outages were mutually
independent and occurred in a random fashion,
regardless of the time of the year, the amount
of load, or weather conditions. When the model
was corrected to be consistent with historical
outages, the winter peak week LOLE was greater
than the model had previously calculated.
Following stakeholder discussion and review,
Manual 20 was revised in June 2018 to properly
recognize the risk caused by the volume of
concurrent outages historically observed during the
winter peak week. The capacity outage probability
distribution for the winter peak week in the Reserve
Requirement Study is now created using historical
forced outage data aggregated across the RTO.
Also, for the winter peak week, the amount of
planned generator outages is now based on the
average historical planned outages aggregated
across the RTO. As part of the Reserve Requirement
Study process, the Planning Committee will
annually review the data to determine the specific
historical period to be used in the Reserve
Requirement Study’s winter peak capacity model.



1.3.2 — Looking Ahead

Electric Storage Participation

FERC issued an energy storage and distributed
energy resources final ruling, FERC Order No.

841, February 2018. During 2018, PJM and its
stakeholders worked to enhance PJM markets to
further recognize and take advantage of the unique
characteristics of energy storage resources. The
key components FERC Order No. 841 include:

e FElectric storage resources (ESRs) are eligible to
provide energy, capacity and ancillary services
which the resource is technically capable

of providing

e ESRs can be dispatched and set price as a
seller and a buyer

e Bid parameters account for ESR characteristics

e Minimum market threshold is 100 kW

Figure 1.14: Defining Resilience

An ESR is defined as a resource capable
of receiving electric energy from the grid and
storing it for later injection of electric energy
back to the grid. PJM was already compliant on
two of these components and proposed several
enhancements for the other two. PJM submitted
two filings on December 3, 2018 with a proposed
implementation date of December 3, 2019.

Resilience

NERC defines infrastructure resilience as “the
ability to reduce the magnitude and/or duration
of disruptive events. The effectiveness of a
resilient infrastructure or enterprise depends
upon its ability to anticipate, absorb, adapt

to and/or rapidly recover from a potentially
disruptive event.” To be resilient, PJM must
prepare for, operate through and recover from
such threats as depicted in Figure 1.14:

e Pre-Event — Prepare — anticipate, evaluate
and cost-effectively mitigate risks

Section 1: 2018 Executive Summary ﬂ

e During an Event — Operate — manage
through a high-impact disruption

e Post-Event — Recover — regain essential
functions as rapidly as possible

PJM’s operations, planning, markets, physical
security and cybersecurity functions are part
of ongoing collaborative, organization-wide
efforts to establish processes, develop tools and
enhance communication linkages to maximize
grid resilience. From a transmission perspective,
PJM has initiated efforts to implement RTEP
process criteria and metrics to enhance grid
resilience beyond that in place today by virtue of
compliance with NERC Standards TPL-001-4,
TPL-007-1 and CIP-014. PJM is working with
its members to incorporate resilience into the
transmission planning process. Current efforts
have narrowed into the development of a new
planning tool, using a “cascading trees” event
analysis, which complements existing studies
by simulating and testing system resilience.

Pre Event During an Event
Mitigating and preventing
actitivities as it unfolds.

Incident
Focused
Incident-Driven
Learning

Readiness

.................................

Resourcefulness

Adaptability/Lessons Learned

.......................................

Post Event

The ability to manage a disruption The ability to get back to normal

as soon as possible.

Rapid Recovery

.........................

The ability to absorb new lessons after a disaster.
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PJM has a methodology to measure the
resilience of the grid using the cascading tree
methodology. The methodology provides a way to
simulate severe contingency events, such as the
loss of a substation at extreme conditions and to
quantify the probability of a cascading system,
quantify the loss of load and generation and to
determine if the event is bounded, unbounded or
unstable. Monte Carlo analysis is then performed
to identify the repeat offenders or lines/substations
that are impacted more frequently and reinforce
those facilities. Beyond extreme events, PJM
can use this methodology to compare competing
projects to measure which one increases or
decreases the probability of cascading or resilience.

PJM has adopted three approaches to integrating
resilience into the Regional Transmission Expansion
Plan (RTEP) and the RTEP decision-making process.
The do no harm, opportunistic and a stand-alone
resilience criteria are the three approaches.

Further development of the resilience process and
how it fits into the RTEP process will continue into
2019 by way of PJM Planning Committee meetings.

PJM 2018 Regional Transmission Expansion Plan
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2.0: 2018 RTEP Proposal Window No. 1

RTEP Process Context
PJM seeks transmission proposals during each
RTEP window to address one or more identified
needs — reliability, market efficiency, operational
performance and public policy. RTEP windows
provide an opportunity for both incumbent and
non-incumbent transmission developers to submit
project proposals to PJM for consideration. Once
a window closes, PJM proceeds with specific
company, analytical and constructability evaluations
to assess proposals for possible recommendation to
the PJM Board. If selected, designated developers
become responsible for project construction,
ownership, operation, maintenance and financing.
PJM’s Manual 14 series addresses the rules
governing the RTEP process. In particular,
Manual 14F, describes PJM’s competitive
transmission process, including all aspects of
analysis and evaluation pertaining to proposal
windows. The manual provides one consistent
source of business rules for stakeholders and PJM
and is available on the PJM website: http://www.
pjm.com/-/media/documents/manuals/m14f.ashx.

Proposal Window Exemptions

The following definitions explain the basis for
excluding flowgates (a combination of an overloaded
facility and the event that caused the overload)
and/or projects from the competitive planning

Figure 2.1: Window Eligibility

Eligible

/

/||

Ineligible

process and designating projects to the incumbent
Transmission Owner (TO), as described in the PJM
Operating Agreement, Schedule 6 Section 1.5.8.
These exclusions were developed with input from
PJM stakeholders and have been approved by FERC:

e /mmediate Need Exclusion: The required
in-service date drives these projects,
excluded from the competitive process to
ensure they can be completed in advance
of the required in-service date.

e Below 200 kV: Due to the high likelihood
that the selected solution will be reserved
for the local TO, solutions below 200 kV are
excluded from the competitive process.

PIM© 2019

e FERC Form No. 715 (TO criteria): As the need
for this project results solely from the individual
TOs FERC form No. 715 reliability criteria, the

designation is reserved for the incumbent.

Substation Equipment: Due to identification
of the limiting element(s) as substation
equipment, these projects are reserved
from the local Transmission Owner, and
therefore excluded from competition.

PJM 2018 Regional Transmission Expansion Plan

23


http://www.pjm.com/-/media/documents/manuals/m14f.ashx
http://www.pjm.com/-/media/documents/manuals/m14f.ashx

Section 2: 2018 RTEP Highlights

Proposal Window No. 1 Analysis Results Table 2.1: 2018 RTEP Proposal Window No. 1 Thermal and Voltage Criteria Violations
PJM'’s analysis of summer 2023 identified
159 thermal and voltage criteria violations.
All but three of these violations were excluded

Exclusion Criteria

N _ Accepting  Below Station TO Immediate Non- Generator No. of
from the competitive planning process on the Proposals 200 kV Equipment Criteria Need Violation Deactivation Flowgates
basis of the above criteria. These violations AE 0 0 1 0 0 0 0 1
are shown in Table 2.1 and on Map 2.1.

The three flowgates that were included AEP 0 18 1 0 0 5 0 2
in Proposal Window No. 1 are shown in AP 0 0 0 0 74 0 72 74
Map 2.2. Ong is located in the West region AP/AEP 0 0 0 0 1 0 0 )
and two are in the South region.
These violations include: AP/ATSI 0 0 0 0 0 3 0 3
AP/DLCO 0 0 0 0 17 0 15 17
* N-1 high voltage at: ATS| 0 2 2 0 4 8 2 16
— Randor Heights 230 kV
— Davis 230 kV CE 0 0 0 0 2 1 0 3
DEO&K 1 0 0 0 0 0 0 1
e N-1 load drop at Port Union 138 kV
DPL 0 4 0 0 0 2 0 6
JCP&L 0 0 0 0 0 1 0 1
PENELEC 0 2 0 0 10 1 10 13
PEPCO 0 0 0 0 0 2 0 2
PIM 0 0 0 0 2 0 1 2
PIM/AP 0 0 0 0 2 0 2 2
PSE&G 0 0 0 0 11 9 0 20
OVEC 0 0 0 0 0 1 0 1
DOM 2 0 0 0 2 0 0 4
PENELEC/AP 0 0 0 0 1 0 1 1
JCP&L/PSE&G 0 0 0 0 0 4 0 4
CPLE/DOM 0 0 0 0 0 1 0 1
DOM/CPLE 0 0 0 0 0 1 0 1
LGEE/EKPC 0 0 0 0 0 4 0 4
Grand Total 3 26 4 0 126 43 103 202
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Map 2.1: 2018 RTEP Proposal Window No. 1 Thermal and Voltage Criteria Violations
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Map 2.2: Summer 2023 Proposal Window No.1 Violations

® Port Union

2018 Proposal Window 1 Violations
Subs >= 345 kV
Trans Lines »= 345 KV
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Proposal Window No. 1 Proposals

Proposal Window No. 1 opened on July 2, 2018
and closed on August 31, 2018. PJM received
seven proposals from two entities addressing the
two target zones. All proposals were TO upgrades.
These proposals are shown in Table 2.2.

Table 2.2: 2018 RTEP Proposal Window No. 1 Proposals Received

Project Upgrade/ Proposing  Project Target kV Analysis

ID Greenfield Entity Cost (M) Zone(s) Level(s) Type Major Components/Project Description

1A Upgrade DEO&K $0.377 DEO&K 138 kV Summer N-1 Add redundant relaying to Port Union 138 kV bus 2 to eliminate the contingency driving the reliablility criteria violation.
Load Drop

2A Upgrade Dominion $0.0 | Dominion 69 kv Summer N-1 This is an operational solution that will remotely open Pentagon Transformer No.1 breaker L122, immediately following
High Voltage the breaker-failure event (2036T2142) at Randor Substation, thus resolving the post contingency high voltage.

2B Upgrade Dominion $0.481 | Dominion | 230/69 kV | Summer N-1 Move the existing 230/69 kV Transformer No. 4 to the vacant 230/69 kV Transformer No. 2 spot at Pentagon Substation.
High Voltage

2C Upgrade Dominion $0.537 | Dominion | 230/69 kV | Summer N-1 Move spare 230/69 kV transformer from Jefferson Street Substation to the vacant Transformer No. 2 bay at
High Voltage Pentagon Substation.

2D Upgrade Dominion $13.493 | Dominion 230 kv Summer N-1 Construct a 230 kV four breaker GIS ring bus in Pentagon Substation and terminate existing Lines No. 2037 and
High Voltage No. 2121.

2E Upgrade Dominion $3.161 | Dominion 69 kV Summer N-1 Install a 50 MVAR fixed shunt reactor at Pentagon Substation on the 69 kV bus.
High Voltage

2F Upgrade Dominion $12.732 | Dominion 230 kv Summer N-1 Construct a new substation called Cloverleaf with a 230 kV variable shunt reactor with a new 230 kV underground line

High Voltage roughly 300 feet extending from Cloverleaf Substation to Pentagon substation terminating at the 230 kV bus.

NOTE:

On February 11, 2019, the PJM Board
approved project b3055 (2018_1-2C).
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2.1: Generator Deactivations Map 2.3: Deactivations Greater than or equal to 100 MW
PJM received 63 deactivation notices totaling ¥/
12,279 MW during 2018. Map 2.3 and Table 2.3
show the 20 generators being deactivated with a
capacity greater than or equal to 100 MW. The
remaining 43 generators had a combined capacity ‘ ‘_
of 1,235 MW. Deactivation notifications in 2018 ‘

Perry Unit 1

Beaver

included four nuclear unit deactivations in ATSI v o
Units 1-3 AN 4l Units 1&2

and DLCO for a total of 3,954 MW. Additional
11 coal unit deactivations accounted for 4,684 MW.

PJM completed the required analysis to p .ﬁz’i‘;;_";?,&
. . T N . fConesvilleY | Diesel Unit
identify rel|§b|l!ty criteria V|0Iat.|ons caused by onesvill e Ty
these deactivations. New baseline upgrades were {* yUnits182 N B0 | N
. - . . ¢
required for several deactivations. Other violations PO
. L . . Units 384
were resolved with existing baseline transmission 0
enhancements or had no reliability impacts ) Uﬁ;i";; ,

identified. All units studied in 2018 can retire
as requested. Operational flexibility will allow e /

PJM to bridge any delays with the completion Units 384
of required transmission enhancements.

Deactivation Notices
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Tahle 2.3: PJM Generator Deactivations Greater than or equal to 100 MW Received January 1, 2018 through December 31, 2018

Capacity Transmission Age Request Requested Projected/Actual
(Mw) Zone (Years) Submittal Date Deactivation Date Deactivation Date
Westport 5 116.0 BGE 49 11/30/2018 6/1/2020 6/1/2020
Conesville 6 405.0 AEP 40 11/14/2018 6/1/2019 6/1/2019
Conesville 5 405.0 AEP 42 11/14/2018 6/1/2019 6/1/2019
Mansfield 3 830.0 ATSI 38 8/29/2018 6/1/2021 6/1/2021
Mansfield 2 830.0 ATSI 41 8/29/2018 6/1/2021 2/5/2019
Mansfield 1 830.0 ATSI 42 8/29/2018 6/1/2021 2/5/2019
Sammis 7 600.0 ATSI 47 8/29/2018 6/1/2022 6/1/2022
Sammis 6 600.0 ATSI 49 8/29/2018 6/1/2022 6/1/2022
Sammis 5 291.3 ATSI 51 8/29/2018 6/1/2022 6/1/2022
Beaver Valley U2 Nuclear Generating Unit 902.0 DLCO 31 3/28/2018 10/31/2021 10/31/2021
Beaver Valley U1 Nuclear Generating Unit 909.0 DLCO 42 3/28/2018 5/31/2021 5/31/2021
Perry U1 Nuclear Generating Unit 1,247.0 ATSI 31 3/28/2018 5/31/2021 5/31/2021
Davis Besse UL Nuclear Generating Unit 896.0 ATSI 41 3/28/2018 5/31/2020 5/31/2020
Pleasants Power Station U2 639.0 APS 38 2/16/2018 1/1/2019 6/1/2022
Pleasants Power Station Ul 639.0 APS 38 2/16/2018 1/1/2019 6/1/2022
Possum Point 4 221.0 Dominion 56 1/16/2018 12/1/2018 12/13/2018
Chesterfield 4 162.1 Dominion 58 1/16/2018 12/1/2018 12/13/2018
Chesterfield 3 100.0 Dominion 66 1/16/2018 12/1/2018 12/13/2018
Bremo 4 156.0 Dominion 60 1/16/2018 4/16/2018 4/16/2018
Bellemeade 265.7 Dominion 21 1/16/2018 4/16/2018 4/16/2018
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2.2: Transmission Owner Criteria

The PJM Operating Agreement specifies that
individual transmission owner (TO) planning criteria
are to be evaluated as a part of the RTEP process,
in addition to NERC and PJM regional criteria.
Frequently, TO planning criteria address specific
local system conditions, such as in urban areas.
TOs are required to include their individual

criteria as part of their respective FERC Form

No. 715 filings. TO criteria can be found on the
PJM website. As part of its RTEP process, PJM
applies TO criteria to the respective facilities of
each that are included in the PJM Open Access
Transmission Tariff facility list. While transmission
enhancements driven by TO criteria are considered
RTEP Baseline projects, they are assigned to the
incumbent TO and are not eligible for proposal
window consideration, as shown in Figure 2.1.
Under the terms of the OATT, the costs of such
projects are allocated 100 percent to the TO zone.

In recent years, reviews of existing infrastructure
have identified the need for replacement of
equipment and structures due to aging. Many
500 kV lines were constructed in the 1960s;
230 kV and 115 kV lines date to the 1950s
and earlier. Some TOs have added aging
infrastructure to their planning criteria as part
of their respective FERC Form No. 715 filings.
Planning for aging infrastructure is not new to
PJM. Spare 500/230 kV transformers, 500 kV
line rebuilds and a number of other transmission
enhancements to mitigate potential equipment
failure risk are already an important part of
PJM’s RTEP. The PJM Operating Agreement
specifies that TO planning criteria are to be
evaluated as a part of the RTEP process.

Each TOs planning criteria is provided
on the PJM website. Dominion and PSE&G
have specific criteria to address end-of-
life and storm hardening, respectively, as
described in Section 2.2.2 and Section 2.2.4.

PIM© 2019
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Table 2.4: Transmission Owner Criteria Projects with a Cost Greater than $10 Million

Upgrade
ID

b2982 Construct new Hillsdale 230/69 KV Substation
b2983 Convert Kuller Road Substation to a 69/13 kV Station
b2838
Colombia 69 kV circuits
b2986 Replace Roseland-Branchburg-Pleasant Valley 230 kV corridor
b3003 Construct a new 230/69 kV station at Maywood
b3004 Construct a 230/69/13 kV station by tapping the Mercer-Kuser Rd. 230 kV line
b3025 Construct two new 69/13KV stations in the Doremus area and relocate the Doremus load to the new stations
3029
b3040 Rebuild Ripley-Ravenswood-Racine Tap 69 kV line

2.2.2 — Transmission Owner FERC No. 715 Criteria

The PJM Operating Agreement specifies that
individual TO planning criteria are to be evaluated
as a part of the RTEP process, in addition to NERC
and PJM regional criteria. Frequently, TO planning
criteria address specific local system conditions
such as in urban areas. TOs are required to include
their individual criteria as part of their respective
FERC Form No. 715 filings. TO criteria can
be found on the PJM website. PJM applies TO
criteria to all facilities included in the PJM Open
Access Transmission Tariff (OATT) facility list.
Transmission enhancements driven by TO
criteria are considered RTEP baseline projects.
Projects are assigned to the incumbent TO and
are not eligible for proposal window consideration.
Under the terms of the OATT, the costs of
such projects are allocated 100 percent to the
incumbent TO zone. The description and location
of those projects with an estimated cost of
$10 million or greater are shown in Table 2.4,
Map 2.4, Map 2.5, Map 2.6 and Map 2.7.

PJM 2018 Regional Transmission Expansion Plan

Build a new 230/69 kV substation by tapping the Montour-Susquehanna 230 kV double circuits and Berwick-Hunlock & Berwick-

Install 69 kV underground transmission line from Harings Corner Station terminating at Closter Station (about three miles).

Description

These provide the description and location
of projects with a cost greater than $10
million. More detailed descriptions of these
projects can be found in the TEAC PJM
Board White Paper on the PJM website.

In situations where the TO is not able to
complete construction by the required in-
service date, PJM works to establish operating
procedures to ensure that the system remains
reliable until the reinforcement is in service.

2.2.3 — Storm Hardening in PSE&G

PSE&G’s TO criteria includes requirements

to perform equipment assessment and storm
hardening. In order to maintain system integrity
and reliability, condition assessment of switching
and substation assets is periodically reviewed.
The condition assessment includes physical
condition, age, electrical parameters, the past
history of the asset as well as performance

of similar equipment in a peer group.

PIM© 2019

Estimated Required Projected
Cost ($M) In-service Date  In-service Date
PSE&G $115 June 2018 June 21
PSE&G $98 June 2018 December 21
PPL $57 June 2017 December 21
PSE&G $546 June 2021 June 21
PSE&G $87 June 2018 March 22
PSE&G $62 June 2018 June 23
PSE&G $155 June 2018 December 22
RECO $22 May 2020 May 20
AEP $68 June 2022 June 21

Based on equipment performance, condition
assessment and system needs, recommendations
will be made to maintain or replace facilities
either in kind or with alternative designs.
Additional analysis will evaluate operational
performance meeting future needs right-of-

way market efficiency impacts, radial load
cascading, and excessive use of system reliability
margins. Storm hardening projects in PSE&G are
included in Tahle 2.4 and shown on Map 2.4.


http://www.pjm.com/planning/planning-criteria/toplanning-criteria.aspx.
https://www.pjm.com/committees-and-groups/committees/teac.aspx
https://www.pjm.com/committees-and-groups/committees/teac.aspx
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b2983 ¢

Identified Reinforcement

Transmission System
Enhancement

Substations >= 345 kV
Transmission Lines >= 345 kV
Substations < 345 kV
Transmission Lines < 345 kV
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Identified Reinforcement

Transmission System
Enhancement

Substations >= 345 kV
Transmission Lines >= 345 kV
Substations < 345 kV
Transmission Lines < 345 kV
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Identified Reinforcement

Transmission System
Enhancement

Substations >= 345 kV
Transmission Lines >= 345 kV
Substations < 345 kV
Transmission Lines < 345 kV
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Identified Reinforcement

Transmission System
Enhancement

Substations >= 345 kV
Transmission Lines >= 345 kV
Substations < 345 kV
Transmission Lines < 345 kV
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2.2.4 — Dominion End-of-Life Criteria
Several facilities in the Dominion transmission
zone have been identified as violating their
FERC Form No. 715 filed end-of-life criteria. In
accordance with Section C.2.9 of Dominion’s
transmission planning criteria, age, condition
and tower weakening were all identified as issues
with a number of facilities. Table 2.5 and Map 2.8
describe and show the location of those facilities
with a cost greater than or equal to $10 million.
More detailed descriptions of these projects
can be found in the TEAC section of the
PJM website: https://pjm.com/committees-
and-groups/committees/teac.aspx.

Table 2.5: Dominion End-of-Life Criteria Projects Greater than $10 Million

Section 2: 2018 RTEP Highlights

Upgrade
ID

b2980
b3019
b3020
b3021

b3057
2981
b3058

b3018

Description
Rebuild Staunton-Harrisonburg 115 kV
Rebuild Bristers-Chancellor 500 KV line
Rebuild Ladysmith-Elmont 500 KV line
Rebuild Ladysmith-Chancellor 500 kV line
Rebuild Waller-Skiffes Creek 230 kV lines
Rebuild Fredericksburg-Aquia Harbor 115 kV line

Partially rebuild three 230 kV lines between Cilfton
and Johnson

Rebuild Middleburg-New Rd. 115 kV line

PIM© 2019

TO Zone
DOM
DOM
DOM
DOM
DOM
DOM
DOM

DOM

Estimated Cost Required
($M) In-Service Date

$37.5 October 2022
$64.6 Immediate
$87.0 Immediate
$45.6 Immediate
$10.0 December 2024
$12.5 December 2022
$11.5 Immediate
$13.8 December 2021
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Identified Reinforcement

Transmission System
Enhancement

Substations >= 345 kV
Transmission Lines >= 345 kV
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2.3: Supplemental Projects
Supplemental projects, known at one time as
Transmission Owner initiated projects, are not
required for compliance with system reliability,
operational performance or market efficiency
economic criteria, as determined by PJM. PJM
reviews these projects to ensure they do not
introduce other reliability criteria violations.
While not subject to PJM Board approval,

they are included in PJM’s RTEP models.

Such projects could include those that address:

e FEquipment material condition,
performance and risk

e Qperational flexibility and efficiency

Infrastructure resilience
e Customer service

Supplemental projects are introduced to
the PJM regional planning process through
PJM’s TEAC and subregional RTEP committees.
FERC issued a show cause order in 2017 and
an order in February 2018 accepting, in part,
and requiring tariff revisions associated with
their requirement that the process for planning
Supplemental Projects must be just, reasonable
and not unduly discriminatory or preferential.

OH VA LAY

Figure 2.2: Attachment M3 Process for Supplemental Projects

Assumptions

Meetings

Needs
Meetings

Solutions
Meetings

Attachment M3 to the PJM Tariff was approved
by FERC in September 2018, and provides
additional details of the process that PJM and
the PJM TOs will follow in connection with
planning supplemental projects. The Attachment
M3 process was integrated into planning, and
analysis began in September of 2018.

The subregional RTEP committees have
a meaningful opportunity to participate and
provide feedback, including written comments,
throughout the transmission planning
process for supplemental projects. As shown
Figure 2.2, his includes meetings to:

PIM© 2019

Include in

RTEP

Local Plan
Submissions

]

Review the criteria, assumptions and
models that TOs propose to use to plan
and identify supplemental projects

Review the identified criteria violations
or system needs that may drive the

need for a supplemental project

Review potential solutions for the
identified criteria violations

PJM 2018 Regional Transmission Expansion Plan
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Provide comments on the supplemental Figure 2.3: Supplemental Projects by Voltage 2015-2018

projects in accordance with Section 1.3 of
Schedule 6 of the PJM Operating Agreement Estimated Cost ($M)
before the local plan is integrated into the RTEP. $7,ooo_ ..........................................................................................................................................................................................
2018 Supplemental Projects $6,000 -
PJM Evaluated approximately $6 Billion of ’
Transmission Owner supplemental projects
in 2018. Figure 2.3 and Figure 2.4 show a $5,000
breakdown of these projects organized by
driver and voltage level respectively. $4,000

$3,000- -

$2,000- -

$1,000-

$0 -

<100 kV 100-200 kV 230 kV 345 kV 500 kV 765 kV

NOTE:
PJM expects to publish a “Value of
Transmission” Whitepaper, expanding

on this supplemental discussion

in the first half of 2019.
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Figure 2.4: 2018 Supplemental Projects by Driver

1/ 2,4
$60 Multiple Drivers $1.246
1,2,4
4 $391
$960 Cost of Cost of 1,2,3,4
Supplemental Supplemental $3
Projects Projects
(Pr:sigte;iEt;\)é IOS (With multiple drivers) 1,4
o the $99
2,377 M
$5,735 M s 1,2
2 $105
$2,338
> 2,3
$532

1 - Customer Service

2 - Equipment Material Condition, Performance and Risk
3 - Infrastructure Resilience

4 - Operational Flexibility and Efficiency

PIM© 2019 PJM 2018 Regional Transmission Expansion Plan

41



10 Section 2: 2018 RTEP Highlights

2

42 PJM 2018 Regional Transmission Expansion Plan PIM© 2019



 Secton 2: 2018 RTEP Highights

DE DC IL IN KY MD Mi NJ NC OH PA TN VA wv

2.4: Re-Evaluations Map 2.9: Criteria Violations in Red Bank Area of JCP&L Transmission Zone

2.4.1 — JCP&L Transmission Zone

The 2011 RTEP identified FirstEnergy planning Transmission System

criteria violations in the Red Bank area of JCP&L's Enhancement

service territory, shown in Map 2.9. There was a SUBSIEHONEES SR

potential voltage collapse on the 34.5 kV system

for the loss of two Atlantic-Red Bank 230 kV

circuits. At that time, the proposed solution

was to build a third 230 kV circuit into the

Red Bank 230 kV substation project b1690.
During 2018, PJM and FirstEnergy performed Red|Bank

a retool analysis without the b1690 project,

in light of recent regulatory proceedings, denying

the siting of the project. This analysis again

identified the following violations for which

an immediate need solution is now required.

Identified Reinforcement

Transmission Lines >= 345 kV

e Severe voltage drop violation on the Red
Bank bus for the towerline outage loss
of Atlantic-Red Bank 230 kV circuits

Atlantic
&

e Severe voltage drop violation on the Red
Bank bus for N-1-1 contingency loss of
Atlantic-Red Bank 230 kV circuits

e Several JCP&L 34.5 kV lines severely
overloaded for the towerline outage loss
of of Atlantic-Red Bank 230 kV circuits
requiring dynamic cascade analysis

PIM © 2019 PIM 2018 Regional Transmission Expansion Plan
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e Dynamic analysis resulted in tripping
a significant number of 34.5 kV lines
and loss of more than 520 MW of
load due to voltage collapse

2.4.2 — AP-South Interface

The Transource Independence Energy Connection
project is a market efficiency project that would
establish two new 230 kV transmission lines
across the Pennsylvania-Maryland border.

PJM performed a re-evaluation of the
Transource project in September 2018 and a
ratio update in October 2018. These analyses
continued to find that the project would provide
benefits that extend across a wide area, including
areas of Pennsylvania and Maryland, as discussed
in more detail in the Transource Independence
Energy Connection Market Efficiency Project
White Paper available on the PJM website.

/ NOTE:

At the February 7, 2019 TEAC meeting,

PJM announced the cancelation of the b1690
project based on recent proceedings in the
state of New Jersey. PJM and FirstEnergy are
continuing to work with stakeholders as
evaluations of alternate solutions are expected
to continue throughout 2019.
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3.0: Scope

RTEP Process Context

PJM’s Regional Transmission Expansion Plan
(RTEP) process includes a market efficiency
analysis to accomplish the following goals:

e Determine which reliability-based
enhancements have economic
benefit if accelerated

e |dentify new transmission enhancements
that may realize economic benefit

e Review the reliability-based enhancements
already included in the RTEP that, if modified
would relieve one or more congestion constraints,
providing additional economic benefit

PJM identifies the economic benefit of proposed
transmission enhancements by conducting
production cost simulations. These simulations
show the extent to which congestion is mitigated by
a transmission enhancement for specific study year
transmission and generation dispatch scenarios.
Economic benefit is determined by comparing
future-year simulations both with and without the
proposed transmission enhancement.

OH TN VA LAY

The metrics and methods used to determine
economic benefit are described in:

e PJM Manual 14B, Section 2.6: http://www.pjm.
com/~/media/documents/manuals/m14b.ashx

e PJM Operating Agreement, Schedule 6,
Section 1.5.7: https://www.pjm.com/
library/governing-documents.aspx

To conduct a market efficiency analysis,
PJM uses a market simulation tool to model
hourly security-constrained generation
commitment and economic dispatch. Several
base cases are developed. The primary
difference among cases is the simulation
data corresponding transmission topology:

e An “as-is” base case power flow models a
one-year-out study year transmission topology.

e An “as-planned” base case power flow
models PJM Board-approved RTEP
projects with a required in-service date of
June 1 of the five-year-out study year.

e Project analysis includes the topology for the
specific transmission enhancement under study.

PJM can determine a transmission
enhancement’s economic value by comparing
the results of multiple simulations with the same
input assumptions and operating constraints but
different transmission topologies. Combined with
additional benefit analysis, this allows PJM to:

e Collectively value the approved RTEP
portfolio of enhancements

e FEvaluate RTEP enhancement acceleration or
modification for potential economic benefit

e Evaluate if specific proposed transmission
enhancements are economically beneficial

Importantly, the simulated transmission
congestion results also provide important system
information and trends to potential transmission
developers and other PJM stakeholders.

PIM© 2019
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Figure 3.1: Market Efficiency 24-Month Cycle

24-Month Cycle

The 24-month market efficiency timeline is shown

in Figure 3.1. The 2018 market efficiency body

of analysis is represented in the first year of the .
Develop assumptions

24-month cycle. The 2018 analysis focused on: : (Year 1 and Year 5) :

: Market Efficiency Analysis
(Year 1 and Year 5) accelerations and modifications 12-month cycle

Identify and evaluate solution options

Jan|Feb|Mar|Apr|May| Jun | Jul |Aug|$ep|0ct|Nov|Dec Jan |Feb |Mar|Apr|May|Jun| Jul |Aug|$ep |Oct |Nov|Dec

e Creation and validation of base
case models and results

accelerations and modifications :

Final review with TEAC and approval by the PJM Board

Develop assumptions i '
(Year 1, Year 5, Year 8, Year 11, Year 15) .
Market Efficiency Criteria Analysis '
(Year 1, Year 5, Year 8, Year 11, Year 15)
Market Efficiency Analysis :
(Year 1, Year 5, Year 8, Year 11, Year 15) 24-
) ) month cycle
Identify proposed solutions Y

Update significant assumptions
(Year 0, Year 4, Year 7, Year 10, Year 14) |

e Reviewing previously approved economic
transmission enhancements

e Performing analyses to consider benefits of :
accelerating reliability-based enhancements
that are included in the RTEP but not yet built

Analysis of market solutions and support of benefits of reliability solutions
(Year 0, Year 4, Year 2, Year 10, Year 14)
Independent consultant reviews of buildability

e [dentifying the congestion drivers associated
with the 2018/2019 long-term window
Adjustments to solution optiops by PJM based on analysis
Near-Term Simulations: 2019 and 2023 Study Years i :
. . Develop assumptions :
PJM uses near-term simulations to assess the (Year 1, Year 5) ‘
indivi i e Market Efficiency Analysis _
individual and collective ecohomlc |.mpact of e T e e e e 12-month ccle
RTEP enhancements not yet in service. PJM 1 :

. .. . . Identify and evaluate solution options '
quantifies the transmission congestion reduction Accelerations and Modifications :
due to recently planned RTEP enhancements by !
comparing the simulation differences between
the “as-is” base case and the “as-planned”
base case for the 2019 and 2023 study years. .
Simulation comparisons help PJM to:

Final review with TEAC and approval by the PJM Board

Identify if a reliability-based enhancement may
provide economic benefits that would make it
a candidate for acceleration or modification

a reliability-based enhancement before any
recommendation is made to the PJM Board.

e Quantify the transmission congestion
reduction due to the collection of recently
planned RTEP enhancements

e Reveal if specific already-planned
transmission enhancements may eliminate
or relieve congestion so that the constraint
is no longer an economic concern

PJM 2018 Regional Transmission Expansion Plan

For example, if a constraint causes significant
congestion in the 2019 “as-is” simulation but
not in the 2023 “as-planned” simulation, then
a reliability-based enhancement that eliminates
this congestion in 2023 may be a candidate
for acceleration. The acceleration cost is
considered against the benefit of accelerating

PIM© 2019

Long-Term Simulations:

2019, 2023, 2026, 2029 Study Years

In order to quantify future longer-range
transmission system market efficiency needs,
PJM developed a simulation database for study
years 2019, 2023, 2026 and 2029. System
modeling characteristics included in this
database are broadly described in Section 3.2.



The proposed market efficiency transmission
enhancements for the 2018/2019 long-term
proposal window are described in Section 3.5.

Initially they will be evaluated using the simulation

data developed during the first nine months of

2018. However, during the 2019 evaluation phase

of the proposed transmission enhancements,
PJM will develop a 2019 mid-cycle update of
the simulation database that will incorporate
significant RTEP changes approved through
the 2018 RTEP cycle. This mid-cycle update
simulation will include potentially significant
forecast changes in topology, generation,

load and fuel costs. The purpose of the 2019
mid-cycle update is to ensure that proposed
transmission enhancements are evaluated using
the best available forecast of future conditions.

Benefit/Cost Threshold Test

PJM calculates a benefit/cost ratio to determine
if there is a market efficiency justification for

a particular transmission enhancement. The
benefit/cost ratio is calculated by comparing the
net present value of annual benefits for the first
15 years of the project’s life to the net present
value of the project’s revenue requirement for
the same 15-year period. Market efficiency
proposed transmission enhancements that
meet or exceed a 1.25 benefit/cost ratio are
further assessed to examine their economic,
system reliability and constructability impacts.
PJM’s Operating Agreement requires that
proposed transmission enhancements with

a total cost exceeding $50 million undergo

an independent third-party cost review. This

is intended to ensure consistent estimating
practices and project-scope development.

For the majority of proposed transmission
enhancements, PJM determines market efficiency
benefits based on Energy Market simulations.
Proposed transmission enhancements that
may impact PJM reliability pricing model
(capacity market) auction activities may derive
additional economic benefits as determined
through capacity market simulations.

PJM’s market efficiency study process and
benefit/cost ratio methodology are detailed
in Manual 14B, Section 2, PJM Region
Transmission Planning Process, which is
available on the PJM website: http:/pjm.com/~/
media/documents/manuals/m14b.ashx.

Energy Benefit — Regional Facilities
The Energy benefit calculation for regional
facilities is weighted as follows:

e 50 percent to change in system
production cost

e 50 percent to change in net load energy
payments for zones with a decrease in net
load payments as a result of the proposed
transmission enhancement

The change in system production cost
is the change in system generation variable
costs (i.e., fuel costs, variable operating and
maintenance costs, and emissions costs)
associated with total PJM energy production.

The change in net load energy payment is
the change in gross-load payment offset by
the change in transmission rights credits. The
net-load energy payment benefit is calculated

PIM© 2019
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only for zones in which the proposed project
decreases the net load payments. Zones for which
the net load payments increase because of the
proposed transmission enhancement are excluded
from the net load energy payment benefit.

Energy Benefit — Lower Voltage Facilities

The energy benefit calculation for lower voltage
facilities is weighted 100 percent to zones with

a decrease in net load payments as a result of
the proposed transmission enhancement. The
change in net load energy payment is the change
in gross load payment offset by the change in
transmission rights credits. The net load payment
benefit is only calculated for zones in which the
proposed transmission enhancement decreases
the net load payments. Zones for which the

net load payments increase because of the
proposed transmission enhancement are excluded
from the net load energy payment benefit.

PJM 2018 Regional Transmission Expansion Plan

47


http://pjm.com/~/media/documents/manuals/m14b.ashx
http://pjm.com/~/media/documents/manuals/m14b.ashx

E Section 3: Market Efficiency Analysis

Capacity Benefit — Regional Facilities
PJM’s annual capacity benefit calculation for
regional facilities is weighted as follows:

e 50 percent to change in total system
capacity cost

e 50 percent to change in net load capacity
payments for zones with a decrease in net
load capacity payments as a result of the
proposed transmission enhancement

The change in net load capacity payment
is the change in gross capacity payment offset
by the change in capacity transfer rights.

Capacity Benefit — Lower Voltage Facilities

PJM’s annual capacity benefit calculation for
lower voltage facilities is weighted 100 percent
to zones with a decrease in net load capacity
payments as a result of the proposed transmission
enhancement. The change in net load capacity
payment is the change in gross capacity payment
offset by the change in capacity transfer rights.

PJM 2018 Regional Transmission Expansion Plan
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3.1: Completion of the 2016/2017 RTEP
Long-Term Proposal Window

During the first quarter of 2018, PJM evaluated
two groups of projects solicited through the
2016/2017 RTEP long-term proposal window.
The PPL group included projects submitted to
address congestion on the Susquehanna-Harwood
230 kV line. The BGE group included projects
submitted to address congestion seen on the
Conastone-Graceton-Bagley 230 kV circuit.

Based on those evaluations, PJM recommended
one market efficiency project in addition to the
five that were approved in 2017. Market efficiency
proposed transmission enhancement 5E, which
is a baseline transmission enhancement to
reconductor two Conastone-Graceton 230 kV lines
along with other area enhancements, described
later in this section, were approved at a cost of
$25.4 million with a 2021 in-service date. As
part of the market efficiency evaluation, PJM
determined that the approved transmission
enhancement provided a benefit/cost ratio of 8.1.

2016/2017 Proposal Window Process

PJM opened the 2016/2017 RTEP long-term
proposal window on November 1, 2016,
through February 28, 2017. Its purpose was to
solicit technical solution alternatives to alleviate
market efficiency congestion drivers

most recently described in the 2017 RTEP
Report, Book 3, Section 5.2.4, Table 5.4.

OH VA LAY

PJM also completed additional analysis in
2017 and early 2018 using updated assumptions
for natural gas prices, future load and significant
generation or transmission network changes. That
analysis evaluated whether or not the submitted
proposals still satisfied the benefit/cost ratio,
prior to the PJM Board recommendation.

PPL Group Projects

PJM received six proposals to address congestion
on the Susquehanna-Harwood 230 kV line with
estimated costs ranging from $13 million to

$34 million, (see the 2017 RTEP Report, Book 3,
Section 5, Table 5.7 and Map 5.5). Based on the
2017 and 2018 model updates, PJM simulations
indicated reduced congestion driven by the
Susquehanna-Harwood 230 kV line constraint.

PJM production cost simulations reveal that
several interconnection queue generators are
contributing to the congestion. Importantly,
though, those generators have only reached
the facility study agreement (FSA) stage
of PJM’s interconnection study process. If
some of these units are not completed, PJM
expects lower congestion on the Susquehanna-
Harwood 230 kV line (see the 2017 RTEP
Report, Book 3, Section 5, Table 5.8).

Based on the results from the analysis
performed with reduced congestion following
removal of the FSA generation, no project
was recommended from the PPL group.

PIM© 2019

BGE Group Projects

PJM received 46 proposals in the BGE area

to address congestion seen on the Conastone-
Graceton-Bagley 230 kV line, shown on Map 3.1.
The estimated construction cost of these proposals
ranged from $6 million to $483 million. Based

on model updates done in 2017 and early 2018,
PJM production cost simulations indicated
persistent, though reduced, congestion on the
Conastone-Graceton-Bagley 230 kV line.

PJM conducted an extensive analysis of the
proposals to determine which projects satisfy the
market efficiency criteria of having a benefit/cost
ratio greater than 1.25, address the congestion
driver, and are economically justified. PJM

’ Note:

The 2016/2017 window process is
described in Book 3, Section 5.2 of the

2017 PJM RTEP report, available on
the PJM website.
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ap 3.1: BGE Group Projects — 2016/2017 Long-Term Proposal Window
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recommended to the board the 5E (b2992) Map 3.2: BGE Group Recommended Project (h2992)
proposal with an estimated cost of $25.4 million
and a 2021 in-service date. As part of the market
efficiency evaluation, PJM determined that the
project provided a benefit/cost ratio of 8.1. Baseline
project b2992 as currently approved, consists of
the following elements and is shown on Map 3.2:

Graceton

(9 t .
* Reconductor the Conastone- . mg‘
Graceton 230 kV lines

}‘Bagley

o Upgrade substation equipment at Conastone Glenarm

&

e Add bundled conductors to the Graceton-Bagley-
Raphael Road 230 kV double circuit lines

e Reconductor the Raphael Road-

Northeast 230 kV double circuit lines Windy/Edge}j.Raphael R4' B
e Replace short segment of the Windy Edge- {Northeast
Glenarm 115 kV line and upgrade substation

equipment at Windy Edge substation C Identified Reinforcement

Transmission System
Enhancement

Substations >= 345 kV

Transmission Lines >= 345 kV

In addition to the market efficiency base case
analysis, PJM performed a sensitivity analysis
on several key input assumptions. These market
efficiency sensitivities included a range of natural
gas prices and PJM load forecasts. An RTEP
reliability analysis and constructability review was
also completed for the selected project, b2992.
The PJM Board approved the project in April 2018.
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3.2: 2018 Input Parameters

Overview

PJM licenses a commercially available production
cost database containing the necessary data
elements to perform detailed PJM market
simulations. This database is periodically updated
providing an up-to-date representation of the
Eastern Interconnection, and in particular, PJM
markets. The PJM Transmission Expansion Advisory
Committee (TEAC) reviews the key analysis

input parameters, shown in Figure 3.2. These
parameters include fuel costs, emissions costs, load
forecasts, demand resource projections, generation
projections, expected future transmission topology
and several financial valuation assumptions.

Transmission Topology
Market efficiency load flow models
were developed to represent:

e The 2019 “as-is” transmission system topology

e The expected 2023 system topology for the five-
year-out RTEP year

PJM derived the “as-is” system topology from
its review of the Eastern Interconnection Reliability
Assessment Group’s Series 2018 Multi-Regional
Modeling Working Group 2019 summer peak
case. It included transmission enhancements
expected to be in service by the summer of 2019.
PJM derived system topologies for 2023 from the

Figure 3.2: Market Efficiency Analysis Parameters

Generation

Transmission
Topology

2023 RTEP case and included significant RTEP
projects approved during the 2017 RTEP cycle.

Monitored Constraints

Specific thermal and reactive interface transmission
constraints are modeled for each base topology.
Monitored thermal constraints are based on actual
PJM market activity, historical PJM congestion
events, PJM planning studies or studies compiled

Market
Efficiency
Analysis

Demand

Resources

Load
Forecasts

by NERC. PJM reactive interface limits are
modeled as thermal values that correlate to power
flows beyond which voltage violations may occur.
The modeled reactive interface limits are based on
voltage stability analysis and a review of historical
values. Modeled values of future-year reactive
interface limits incorporate the impact of approved
RTEP enhancements on the reactive interfaces.

PIM© 2019
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Generation Modeled
Market efficiency simulations model existing in-
service generation plus actively queued generation

Figure 3.3: PJM Market Efficiency Reserve Margin

Capacity (MW)

with at least an executed interconnection service 210,000, ................................................................................................................................................................................................
agreement, less planned generator deactivations
that have given formal notification. The MOGEIEd ()0 GO0 |-
generation provides enough capacity to meet ’
PJM’s installed reserve requirement through
all study years, as shown in Figure 3.3. = 0 T 0 T o L
180,001 /
170,000 i
10 000 il il iLiiiR
150,000 O TPTTTTTpOT e ceeuun U
140,000 | B Forecasted Summer Peak Net Internal Demand
W Reserve Requirement
130,000 s B Existing + Not Suspended ISA Generation - Retirement |...
M Existing + ISA and FSA Queue Generation - Retirement
120 Ooo T T T T T T T T T T T T T T 1
’ 2019 2021 2023 2025 2027 2029 2031 2033
PIM 2018 Regional Transmission Expansion Plan PIM © 2019



Section 3: Market Efficiency Analysis E

Fuel Price Assumptions Figure 3.4: Fuel Price Assumptions
PJM uses a commercially available production
. . $/MMBtu

cost database that includes generator fuel price
forecasts. Forecasts for short-term gas and oil prices 35,
are derived from New York Mercantile Exchange 30 m Coal
future prices. Long-term forecasts for gas and oil

. . . . m Gas
prices are obtained from commercially available 25
databases, as are all coal price forecasts. Vendor- Oil-H
provided basis adders are applied to account for the  5q | B OilL
commodity transportation cost to each PJM zone. "

The fuel price forecasts used in PJM's 2018 market 15 -
efficiency analysis are represented in Figure 3.4.

10
Load and Energy Forecasts
PJM’s 2018 Load Forecast Report provides 51
the transmission zone peak load and energy

S—
—

data modeled in market efficiency simulations. Y 2018 ' 2020 2022 2024 2026 2028 '2030 2032
Table 3.1 summarizes the PJM peak load and

energy values to be used in the 2018 market

efficiency cases. The 2018 PJM Load Forecast Table 3.1: 2018 PJM Peak Load and Energy Forecast

can be accessed on the PJM website. 2019 2023 2026 2029 2033
Demand Resources Peak (MW) 152,479 153,632 155,724 158,624 162,095
The amount of demand resources modeled in Energy (GWh) 809,000 816,817 828,788 845,058 864,236

each transmission zone is based on the 2018 PJM Notes: 1.) Peak and energy values are from the PJM Load Forecast Report, Table B-1 and Table E-1, respectively.

Load Forecast Report. Table 3.2 summarizes 2.) Model inputs are at the zonal level, to the extent zonal load shapes create different diversity. Modeled PJM peak load may vary.
PJM demand resource totals by year.

Tahle 3.2: Demand Resource Forecast

2023 2026 2029

Demand Resource (MW) 9,113 7,747 7,862 7,989 8,179

Note: Values from PJM's 2018 Load Forecast Report, Table B-7.

PIM © 2019 PIM 2018 Regional Transmission Expansion Plan
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Emission Allowance Price Assumptions Figure 3.5: SO, Emission Price Assumption
PJM currently models three major power plant stack $/Ton
effluents — SO,, NO, and CO, — within its market 10

efficiency simulations. SO, and NO, emission price
forecasts reflect implementation of the Cross-
State Air Pollution Rule (CSAPR) and are shown

in Figure 3.5 and Figure 3.6, respectively. PJM

unit CO, emissions are modeled as either part of
the national CO, program or, for Maryland and
Delaware units, as part of the Regional Greenhouse
Gas Initiative (RGGI) program. The base emission
price assumption for both the national CO, and
RGGI CO, program are shown in Figure 3.7.

B CSAPR Group 150,

O = M W Hh ot 0N OO

2018 2020 2022 2024 2026 2028 2030 2032

Figure 3.6: NO_Emission Price Assumption

$/Ton
3504

== CSAPR Annual NOy
== CSAPR Seasonal NOy (May-September)

300

250

200 1

150

100 -

50 1

2018 2020 2022 2024 2026 2028 2030 2032
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Carrying Charge Rate and Discount Rate Figure 3.7: CO, Emission Price Assumption

In order to determine and evaluate the potential $/Ton

economic benefit of RTEP projects, PJM performs 40 ...

market simulations and calculates a benefit/ W

cost ratio for each candidate upgrade. To do 20 == RGGI COy

so, the net present value of annual benefits is = National CO,
calculated for the first 15 years of project life and

compared to the net present value of the project 20

revenue requirement for the same 15-year period.

A discount rate and levelized carrying charge 10

rate is developed using information contained in

Attachment H of the Transmission Owner (TO) 0 ‘ :
formula rate sheets, as posted on the PJM website: 2018 2020 2022 2024 2026 2028 2030 2032

http://www.pjm.com/markets-and-operations/
billing-settlements-and-credit/formula-rates.aspx
The discount rate is a weighted average after-
tax embedded cost of capital (average weighted
by TO total transmission capitalization). The
levelized annual carrying charge rate is based on
weighted average net plant carrying charge (average
weighted by TO total transmission capitalization)
levelized over an assumed 45-year life of the
project. PJM’s 2018 market efficiency studies
use a levelized annual carrying charge rate of
12.84 percent and a discount rate of 7.37 percent.

PIM © 2019 PIM 2018 Regional Transmission Expansion Plan
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3.3: Study Results from 2018 Analysis

3.3.1 — Near-Term Simulation Results —

Study Years 2019 and 2023

PJM’s 2018 cycle of analysis included near-term
simulations for study years 2019 and 2023.

They identified collective and constraint-specific
transmission system congestion due to the impacts
of previously approved RTEP projects that are not
yet in service. PJM conducted the simulations
under two different transmission topologies:

1. 2019 “as-is” PJM transmission
system topology

2. 2023 “as-planned” PJM RTEP
transmission system topology

By comparing results of multiple simulations
with the same fundamental supply, demand and
operating constraints but with differing transmission
topologies, the economic value of a transmission
enhancement can be determined. This technique
allows PJM to perform the following:

1. Value collectively the congestion
benefits of approved RTEP upgrades

2. Evaluate the congestion benefits of
accelerating or modifying specific
RTEP projects

OH PA TN VA

LAY

Figure 3.8: Simulated PJM Congestion Costs — 2019, 2023

$M
350 |

300 |

250

200 -

150 -

100

PJM congestion costs from market simulations
for study years 2019 and 2023 show annual
congestion cost reductions of more than
$80 million (24 percent) for 2019 and more
than $67 million (33 percent) for 2023 using the
2023 RTEP topology as seen in Figure 3.8. RTEP
enhancements that are approved but not yet in
service account for the reduction in congestion.

B Congestion with 2019 Topology

B Congestion with 2023 Topology

e

On February 12, 2019, FERC accepted
PJM’s proposed changes to exclude
generation with an executed ISA or FSA
from market efficiency analysis.

Note:

PIM© 2019
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Table 3.3: RTEP Projects Reducing Specific Congestion Drivers: 2023 Analysis

Congestion Decreases Associated
With Approved Reliability Projects —
2023 Study Year

2023 Study Year

2019 Topology 2023 Topology

Congestion
Congestion Congestion Savings Upgrade Associated with In-Service
Constraint Name Area Type ($M) ($M) ($M) Congestion Reduction Date
Conastone-Peach Bottom 500 kV BGE/ LINE $1.9 $0.0 $1.9 b2766: Upgrade substation equipment at Conastone and Peachbottom June 2020
PECO 500 KV line
Butler-Shanor Manor 138 kV APS LINE $2.1 $0.0 $2.1 b2967: Convert the existing six-wire Butle-Shanor Manor-Krendale 138 kV line June 2020
into two separate 138 kV lines
Capitol Hill-Chemical 138 kV AEP LINE $0.0 $0.0 $0.0 b2834: Reconductor and string open position and six-wire 6.2 miles of the December 2021
Chemical-Capitol Hill 138 KV circuit
Tanners Creek-Miami Fort 345 kV AEP/ LINE $0.2 $0.0 $0.2 b2831: Upgrade/rebuild Tanner Creek-Miami Fort 345 kV line June 2021
DEO&K

Note: The congestion savings for the 2023 study year are calculated as the difference in simulated congestion between with as-is topology and the RTEP topology.

3.3.2 — Acceleration Analysis
PJM identified and evaluated specific RTEP
enhancements that were most responsible for
the congestion reductions identified in the
near-term simulations. Table 3.3 identifies
approved RTEP reliability projects and related
congestion reductions considered as part of
the 2023 study year acceleration analysis.
Reliability-based baseline transmission
enhancement b2766, a rating increase of
substation equipment at Conastone and Peach
Bottom 500 kV, previously had its in-service date
moved from 2021 to 2020. The other identified
reliability-based RTEP enhancements as shown
in Table 3.3, viewed within the context of the
short-term analysis, will not be recommended
for acceleration. These projects do not provide
significant congestion benefits in the acceleration
analysis or are impractical to accelerate due to a
near-term in-service date or large project scope.

3.3.3 — Long-Term Simulation Results: 2019,
2023, 2026 and 2029 Study Years

To identify and quantify long-term transmission
system congestion, market simulations were
conducted for study years 2019, 2023,

2026 and 2029. These simulations used

the 2023 RTEP “as-planned” transmission
system topology and included RTEP projects
approved through the 2017 RTEP cycle.

The highest cost congestion constraints from
the 2018 long-term analysis, which represent over
95 percent of the PJM-related congestion in the
2023 and 2026 base simulations, are summarized
in Table 3.4. This table includes congestion results
for a sensitivity case that removes FSA units
from PJM’s generation fleet. Base generation
modeled in the future may not include FSA units,
pending approval of recommended process
enhancements described in Section 1.4.

Overall, congestion levels in PJM’s 2018
market efficiency analyses remain low compared
to previous RTEP cycles. This is due, in part, to:

e Low gas price assumptions coupled with
generation portfolio shifts that include
more high-efficiency gas-fired generation

e Continued lower load forecast levels
compared to previous forecasts

e RTEP transmission enhancements, which
are improving or eliminating potential
congestion-causing constraints

’ m Note:

“FSA units” are generators, participating in
PJM’s interconnection process and have
signed a “Facilities Study Agreement”.

PJM 2018 Regional Transmission Expansion Plan
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Table 3.4: Highest Cost PJIM Congestion (Initial Posting for 2018/2019 Long-Term Proposal Window)

Section 3: Market Efficiency Analysis

To

Base with FSAs
($M)

Sensitivity No FSAs
($m)

Simulated year

Base with FSAs
(Hours Binding)

Constraint

Area

2023

2026

2023

2026

2023

2026

Comments

AP-South Interface - $75.04 $96.73 $12.67 $9.28 1,226 1,363 | Large congestion reduction without FSA generation.
Significant portion of congestion addressed
in previous windows

North Waverly-E. Sayre 115 KV Line NYSEG PN $8.93 $17.30 $5.23 $6.90 3,367 4421 | Special protection scheme exists. NY reviewing

Hunterstown-Lincoln 115 kV Line ME ME $7.45 $10.56 $24.99 $34.82 865 1,010 | Seeking proposals

Cumberland-Juniata Bus 1230 kV Line PPL PPL $8.99 $13.10 $0.73 $4.10 357 316 | Seeking proposals

Bosserman-Trail Creek 138 kV Line AEP MISOE $7.04 $9.79 $0.69 $0.78 265 340 | Seeking proposals

Face Rock-Five Forks 69 kV Line PPL PPL $4.55 $3.48 $1.01 $0.66 166 120 | Declining congestion since 16/17

Monroe 1 & 2-Wayne 345 kV Line MISOE MISOE $4.38 $9.51 $0.09 $2.26 148 271 | Seeking proposals — MISO M2M

Hubbell-Sunman Weisburg 138 kV Line MISOC | MISOC $3.19 $3.20 $0.42 $0.80 122 110 | Seeking proposals — MISO M2M

Dauphin-Copperstone/N. Lebanon 230 kV Line PPL PPL $2.87 $1.12 $0.00 $0.00 349 85 | Congestion depends on one FSA unit

Furnace Run-Conastone 230 kV Line PECO BGE $2.24 $2.19 $0.28 $0.29 80 78 | Large congestion reduction without FSA generation.
Significant portion of congestion addressed
in previous windows

Towanda East-North Meshoppen 115 KV Line PN PN $1.89 $6.51 $0.04 $0.25 1,180 2,080 | Large congestion reduction without FSA generation

Milton-Montour 230 kV Line PPL PPL $0.97 $0.34 $0.01 $0.00 234 82 | Congestion under $1 million

Marblehead North 138/161 kV Transformer MISOC MISOC $0.95 $0.60 $2.97 $1.34 160 118 | Seeking proposals — MISO M2M

5004/5005 Interface - - $0.80 $19.97 $0.02 $3.57 92 756 | Under $1 million

Sullivan-Casey West 345 KV Line AEP MISOC $0.65 $0.42 $0.06 $0.00 32 34 | Under $1 million

PEPCO Interface - - $0.63 $0.59 $0.00 $0.00 25 22 | Under $1 million

Clifty Creek-Northside 138 kV Line OVEC LKE $0.58 $2.59 $0.00 $0.05 23 90 | Under $1 million

E. Frankfort (R)-Goodings (R) 345 kV Line ComEd | ComEd $0.56 $1.46 $0.33 $0.69 58 145 | Seeking proposals — MISO M2M

Note: Light blue highlighted constraints indicate solution alternatives sought in the 2018/2019 RTEP long-term proposal window.
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3.3.4 — 2018/2019 RTEP Long-Term Proposal
Window — Market Efficiency Proposals
PJM solicited stakeholder proposals for market
efficiency projects as part of an RTEP proposal
window focusing on long-term analysis. The
2018/2019 RTEP long-term proposal window
opened on November 2, 2018, and is expected
to close on March 1, 2019. It seeks technical
solution alternatives to resolve or alleviate market
efficiency congestion identified in the long-term
simulation congestion results shown in Table 3.4 —
those that are highlighted in light blue.

In preparation for the proposal window,
PJM developed and posted a Problem
Statement and Requirements Document,
available on the PJM website.

’ N
ote:

On February 22, 2019, PJM announced that

the close of the 2018/2019 long-term proposal
window was extended from March 1, 2019 to
March 15, 2019 as a result of the February

12, 2019 FERC order accepting PJM’s Operating
Agreement changes regarding modeling of FSA
generation in market efficiency analysis.
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3.3.5 — Re-Evaluation of 2014/2015 and
2016/2017 RTEP Window Projects

PJM’s 2018 long-term analysis included a
re-evaluation of 14 previously approved market
efficiency transmission enhancements from
the 2014/2015 long-term window and four
previously approved market efficiency transmission
enhancements from 2016/2017 long-term
windows. Re-evaluation ensures that previously
approved RTEP transmission enhancements
continue to meet the market efficiency criteria.

Each transmission enhancement was included
in the 2018 market efficiency base case discussed
earlier in Section 3.2. PJM recalculated economic
value by production cost simulations in which
each project was removed from the model to
determine the benefit that retaining it otherwise
still provided. The benefit/cost ratio was
derived by comparing the base case simulation
to the individual simulations that did not include
the transmission enhancement, while adhering
to the methods described in Section 3.0.

Table 3.5: 2018 Re-Evaluation Results — 2016/2017 Long-Term Proposal Window

Section 3: Market Efficiency Analysis

Table 3.6 and Table 3.5 show the re-evaluation
results. Each of the previously approved
transmission enhancements either maintained
a benefit/cost ratio greater than 1.25

or was already in-service. Map 3.3 and

Map 3.4 depict the project locations.

Benefit/Cost Ratio

In-
Baseline Cost Service 2016/17 Re-Evaluation Re-Evaluation
Project ID Project Description Constraint ~ ($M) Year Window 2017 2018 Status
b2930 (RPM) Upgrade capacity on E. Frankford-University Upgrade | ComEd E. Frankfort- 0.84 2019 147.69 N/A N/A | Work Completed
AC1-223 Park 345 kV University Park
345 kV
b2931 (RPM) Upgrade substation equipment at Pontiac Upgrade | ComEd | Pontiac-Brokaw 5.62 2021 13.45 N/A 22.89 Engineering
Midpoint station 345 kV Procurement
b2976 (RPM) Upgrade terminal equipment at Tanners Creek 345kV | Upgrade | DEO&K | Tanners Creek- 0.60 2021 151.61 N/A 470.28 |  Engineering
station; Upgrade 345 kV Bus and Risers at Tanners Dearborn 345 kV Procurement
Creek for the Dearborn circuit
b2992.1-4 - Reconductor the Conastone-Graceton 230 kV 2323 | Upgrade BGE Conastone- 39.65 2021 5.23 N/A 9.18 |  Engineering
& 2324 circuits Graceton-Bagley Procurement
- Add Bundle conductor on the Graceton-Bagley-
Raphael Road 2305 & 2313 230 kV circuits
Reconductor
- Raphael Road-Northeast 2315 and 2337 circuits
b2743.1-8, - Tap Conemaugh-Hunterstown 500 kV line; Greenfield | APS/ AP-South 340.60 2020 2.50 13 1.40 Engineering
b2752.1-7 Construct new Rice 500 kV and 230 kV BGE Interface Procurement
substations; Install two 500/230 kV
transformers at Rice
- Tie in New Furnace Run substation to Peach
Bottom-TMI 500 kV line
PIM© 2019 PJM 2018 Regional Transmission Expansion Plan 63
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Table 3.6: 2018 Re-Evaluation Results — 2014/2015 Long-Term Proposal Window

Benefit/Cost Ratio

Baseline In-
Project Cost Service 2016/17 Re-Evaluation Re-Evaluation
ID Project Description Constraint ($M) Year Window 2017 2018 Status
b2688.1-3 | - Upgrade Lincoln substation; Replace Germantown Upgrade APS Taneytown-Carroll 138 5.2 2019 90.1 8.5 N/A 1: Under
138/115 kV transformer and related equipment KV line Construction
- Replace terminal equipment at Carroll substation 283:In
Service
b2689.1-2 | - Reconductor Woodville-Peters 138 KV line Upgrade bua Dravosburg-West 112 2018 2.0 2.6 N/A | InService
- Reconfigure West Mifflin-USS Clairton 138 kV line to create Mifflin 138 kV line
Dravosburg-USS Clairton and West
b2690 Reconductor Graceton-Safe Harbor 230 kV line Upgrade | PPL/BGE | Safe Harbor-Graceton L1 2019 14.4 1.7 N/A Under
230 kV line Construction
h2691 Reconductor three spans limiting Brunner Island-Yorkana Upgrade | METED/ Brunner Island- 31 2017 22.2 2.8 N/A | In Service
230 kV line PPL Yorkana 230 kV line
b2692.1-2 | - Replace station equipment at Nelson and Quad Cities Upgrade | ComEd Cordova-Nelson 24.6 2019 1.9 1.6 N/A Under
345 kV substations 345 kV line Construction
- Upgrade conductors on Cordova-Nelson and Quad
Cities-Nelson 345 kV lines
b2693 Replace L7915 B phase line trap at Wayne substation Upgrade | ComEd Waynel-ggul}\? Elgin 0.1 2018 6.4 25.0 NA | InService
h2694 Improvements to Peach Bottom 500/230 KV transformer Upgrade PECO Peach Bottom 500 kV 9.7 2019 3.0 5.7 N/A | Engineering
to increase ratings area congestion Procurement
b2695 Rebuild Worcester-Ocean Pines 69 kV line Upgrade DPL Worcesggrkeclgan Pines 24 2018 65.3 10.1 N/A | InService
ine
h2696 Upgrade equipment at Butler, Shanor Manor Upgrade | APS/ATSI Krendale-Shanor 0.6 2019 1234 78.9 N/A Under
and Krendale 138 kV substations Manor 138 kV line Construction
h2697.1-2 | Upgrade Fieldale-Thornton-Franklin 138KV line Upgrade AEP Fieldale-Thornton 0.8 2019 101.2 9.5 3.30 | Engineering
38 kV line Procurement
b2698 Replace relays at Cloverdale and Jacksons Ferry substations | Upgrade AEP Jacksons Ferry- 0.5 2018 62.0 46.2 N/A | InService
Cloverdale 765 kV line
b2728 Mitigate sag limitations on Loretto-Wilton Center 345 kV line | Upgrade | ComEd Loretto-Wilton 115 2018 64.5 N/A N/A | In Service
and replace station conductor at Wilton Center 345 KV (RPM)
b2729 Optimal capacitor configurations at Brambleton, Ashburn, Upgrade | Dominion |  AP-South Interface 9.0 2019 154 22 2.51 | Engineering
Shelhorn, and Liberty 230 kV substations Procurement
b2743.1-8, | - Tap Conemaugh-Hunterstown 500 kV line; Construct new | Greenfield | APS/BGE AP-South Interface 340.6 2020 2.5 13 1.40 | Engineering
b2752.1-7 Rice 500 kV and 230 kV substations; Install two 500/230 Procurement
KV transformers at Rice
- Tie in New Furnace Run substation to Peach Bottom-TMI
500 kV line

o]
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Map 3.3: 2018 Re-Evaluation Results — 2014/2015 Long-Term Proposal Window
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Map 3.4: 2018 Re-Evaluation Results — 2016/2017 Long-Term Proposal Window
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3.4: 2017 Historical Congestion Analysis
As part of the RTEP market efficiency planning
process, PJM is charged with identifying

historical transmission constraints that have

a significant economic impact. Constraints

that have an economic impact include, but

are not limited to, those that cause:

e Significant historical gross congestion
e Pro-ration of Stage 1B ARR

e Significant future congestion projected in the
long-term market efficiency simulations

Table 3.7: Top 25 Historical Congestion-Causing Constraints in 2017

MI

‘ Section 3: Market Efficiency Analysis

NC OH TN VA LAY

This congestion and its economic impact
are considered in the solution alternatives being
sought as part of the long-term window process.

Table 3.7 lists the highest 25 congestion
causing constraints from 2017. Total market
congestion for 2017 was about $697.6 million
of which $389.2 million (55.8 percent) is
accounted for by the top 25 constraints. The
comment column of Table 3.7 identifies the
RTEP Transmission enhancement expected
to reduce congestion in the future.

Approximate Total

Percent of Total

Rank Constraint Type Location Market Congestion ($M)* Congestion* Comment

1 Braidwood-East Frankfort M2M ComEd $43.40 6.20% | RTEP upgrades expected to reduce congestion (s0756 breaker replacement)

2 Conastone-Peach Bottom PJM Line BGE/PECO $39.50 5.70% | RTEP upgrades expected to reduce congestion (b2766 substation equipment upgrade)

3 Emilie-Falls PJM Line PECO $25.10 3.60% | RTEP upgrades expected to reduce congestion (b2774 Emilie-Falls 138 kV line
reconductoring); partial congestion is outage related

4 Graceton-Safe Harbor PJM Line BGE $23.90 3.40% | RTEP upgrades expected to reduce congestion (h2690 Graceton-Safe Harbor 230 kV line
reconductoring); partial congestion is outage related

5 5004/5005 Interface Interface 500 $22.50 3.20% | West-east transfers across the interface

6 AP-South Interface Interface APS $21.60 3.10% | RTEP upgrades expected to reduce congestion (b2752, b2743)

7 Westwood M2M MISO $19.60 2.80%

8 Cherry Valley Transformer M2M ComEd $18.70 2.70% | RTEP upgrades expected to reduce congestion (s0900 parallel transformer)

9 Carson-Rawlings PJM Line Dominion $18.20 2.60%

10 Conastone-Otter Creek PJM Line PPL $15.10 2.20% | RTEP upgrades expected to reduce congestion (s0233 Otter Creek-Conastone 230 kV line
rebuild); partial congestion is outage related

*Data from 2017 State of Market Report

PIM© 2019
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Table 3.7: Top 25 Congestion-Causing Constraints in 2017 (Cont.)

Approximate Total Percent of Total
Rank Constraint Type Location Market Congestion ($M)* Congestion*
11 Conastone-Northwest PJM Line BGE $14.10 2.00% | RTEP upgrades expected to reduce congestion (b2752.7 Conastone-Northwest 230 kV lines
reconductor/rebuild); partial congestion is outage related
12 Three Mile Island Transformer 500 $13.30 1.90% | Impacted by Three Mile Island retirement
13 Butler-Shanor Manor PJM Line APS $11.40 1.60% | RTEP upgrades expected to reduce congestion (b2696 substation equipment upgrade at
Butler, Shanor Manor and Krendale substations)
14 Lakeview-Greenfield PJM Line ATSI $10.80 1.50% | Partial congestion is outage related
15 Alpine-Belvedere M2M MISO $10.80 1.50% | RTEP upgrades expected to reduce congestion (b2141 construct Byron-Wayne 345 KV line)
16 Bedington-Black Oak Interface 500 $9.50 1.40% | West-east transfers; future reactive upgrades expected to reduce congestion
17 Person-Sedge Hill PJM Line Dominion $9.30 1.30% | Partial congestion is outage related
18 Lake George-Aetna M2M MISO $9.20 1.30%
19 Batesville-Hubble M2M MISO $8.90 1.30% ETrli-ergugugsr;ades expected to reduce congestion (b2634 convert Miami Fort 345 kV substation to
20 Byron-Cherry Valley M2M MISO $8.00 1.10% | RTEP upgrades expected to reduce congestion (b2141 construct Byron-Wayne 345 kV line)
21 AEP-DOM Interface 500 $7.80 1.10% | West-east transfers; future reactive upgrades expected to reduce congestion
22 Brunner Island-Yorkanna PJM Line METED $7.50 1.10% gEka[;ﬁ]r:)des expected to reduce congestion (b2691 reconductor Brunner Island-Yorkana
23 | Brokaw-Leroy M2M MISO $7.30 1.00%
24 Loretto-Vienna PJM Line DPL $6.90 1.00% | Partial congestion is outage related
25 Pleasant View-Ashburn PJM Line Dominion $6.80 1.00%
Top 25 $389.20 *Data from 2017 State of Market Report
Total Congestion $697.60

PIM 2018 Regional Transmission Expansion Plan PIM © 2019



Section 4: Interregional Planning

Section 4: Interregional Planning

DE IL IN KY MI NC OH TN VA LAY

4.0: Interregional Planning Map 4.1: PJM Interregional Planning

4.0.1 — Adjoining Systems

r‘
/ I — ~
) / ’ “

PJM’s interregional planning responsibilities have y / / “ \M §~”? O
grown in parallel with the evolution of broader ¢ / / q‘ - / l‘\ﬁm: J
organized markets and interest at state and (Z [ ' | N /,//
federal levels in favor of increased interregional < N ’ ‘ \> \{ /f 9)
coordination. The nature of these activities ‘ e 4,/'/‘“1\ .

include structured, tariff-driven analyses as well
as targeted issue evaluations that may arise each
year. PJM currently has interregional planning
arrangements with the New York Independent
System Operator (NYISO), the Independent
System Operator of New England (ISO-NE), the
Mid-Continent Independent System Operator
(MIS0Q), the Tennessee Valley Authority (TVA),
and the Southeastern Regional Transmission
Planning (SERTP), shown on Map 4.1.

In accordance with FERC Order No. 1000,
interregional planning processes with the NC
collaborative and TVA are conducted under the
SERTP process, which is included in the Tariff
provisions of PJM and the SERTP sponsors
subject to FERC jurisdiction. SERTP sponsors
include Duke Energy Progress (jurisdictional),
TVA, Southern Company (jurisdictional),

‘ ISO New England ’f;‘/

=5

Georgia Transmission Corporation, Municipal ’
Electric Authority of Georgia, PowerSouth, / NOTE:
Louisville Gas & Electric, Kentucky Utilities The Ohio Valley Electric Corporation (OVEC)

Integration was successfully completed

jurisdictional), A i Electri rativ
(jurisdictional), Associated Electric Cooperative, on December 1, 2018,

Ohio Valley Electric Corporation (OVEC)
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(jurisdictional), and Dalton Utilities. In addition,
PJM actively participates in the Eastern
Interconnection Planning Collaborative.

Interregional Agreements

Under each interregional agreement, provisions
governing coordinated planning ensure that
critical cross-border operational and planning
issues are identified and addressed before they
impact system reliability or dilute effective
market administration. The planning processes
applicable to each of PJM’s three external
transmission interfaces include provisions to
address issues of mutual concern, including:

e |nterregional impacts of regional
transmission plans

* |Impacts of queued generator interconnection
requests and deactivation requests

e QOpportunities for improved market
efficiencies at interregional interfaces

e Solutions to reliability and congestion constraints

e [nterregional planning impacts of national
and state public policy objectives

e Enhanced modeling accuracy within individual
planning processes due to periodic exchange of
power system modeling data and information

Each study is conducted in accordance with the
PJM Tariff and respective interregional agreement.
Studies may include cross-border analyses that
examine reliability, market efficiency or public
policy needs. Reliability studies may assess power

PJM 2018 Regional Transmission Expansion Plan

transfers, stability, short circuit, generation and
merchant transmission interconnection analyses
and generator deactivation. Taken together, these
coordinated planning activities enhance the
reliability, efficiency and cost effectiveness of
regional transmission plans.

The 2018 planning efforts under Article I1X

of the MISO/PJM joint operating agreement
continued the coordination of regional reliability,
market efficiency, interconnection requests

and deactivation notifications. Interconnection-
driven network transmission enhancements

are summarized in Section 1.1.4. Deactivation-
driven baseline transmission enhancements are
summarized in Section 1.1.5. Throughout the year,
stakeholder input and feedback to the interregional
planning process was coordinated through the
MISO/PJM interregional planning stakeholder
advisory committee (IPSAC).

Following the Annual Issues Review in the
first quarter of 2018, PJM and MISO initiated
two interregional studies under the Coordinated
System Plan. The first was a Targeted Market
Efficiency Project (TMEP) study completed in
October 2018. This was the second iteration
of this innovative project type aimed at quickly
addressing historical congestion on the seam. The
second study is a long-term Interregional Market
Efficiency Project (IMEP) study, which began in
mid-2018 and will run through the end of 2019.
These studies are discussed in Section 4.1.

As part of the Annual Issues Review and
ongoing stakeholder meetings, the interregional
planning process also sought to identify
interregional reliability projects that were more
efficient or cost effective than the alternative
regional plans. None were identified in 2018.

PIM© 2019

PJM planning activities on its northern seam are
conducted under the auspices of the Northeastern
ISO/RTO Planning Coordination Protocol, a three-
party agreement between PJM, NYISO and ISO-NE.
Activities in 2018 were conducted in accordance
with the protocol and ensured compliance with the
provisions of FERC Order No. 1000. Stakeholder
input continues to be coordinated through the
activities of the IPSAC.

During 2018, PJM continued interconnection
and transmission service coordination, data
exchange and economic data updates. In April
2018, the 2017 Northeast Coordinated System
Plan (NCSP) was published. This biennial report
summarizes interregional planning activities,
identified system needs and plans for meeting those
needs.

PIJM/NYISO/ISO-NE IPSAC review of regional
analyses and transmission plans completed in
2018 did not identify any opportunities to pursue
interregional transmission projects. Coordination
activities will continue in 2019 as well as work
on the 2019 NCSP, which will be published in
early 2020.



https://www.pjm.com/-/media/committees-groups/stakeholder-meetings/ipsac/20180518/20180518-2017-ncsp-draft.ashx 
https://www.pjm.com/-/media/committees-groups/stakeholder-meetings/ipsac/20180518/20180518-2017-ncsp-draft.ashx 

Interregional planning activities with entities
south of PJM are conducted mainly under
the auspices of the SERTP and SERC.

Southeastern Regional Transmission Planning
PJM and the SERTP, shown earlier on Map 4.1,
continued interregional data exchange and
interregional coordination during 2018. SERTP
membership includes several entities under FERC
jurisdiction and voluntary participation among
six non-jurisdictional entities. The jurisdictional
entities include Southern Company, Duke Energy
(including Duke Energy Carolinas and Duke Energy
Progress), LGE/KU, and OVEC (Note: OVEC
integrated into PJM on Dec. 1, 2018). Duke
Energy, LGE/KU and OVEC are directly connected
to PJM. Of the non-jurisdictional entities, only
TVA is directly connected to PJM. The remaining
five SERTP participants are planning areas
south and west of Duke Energy and TVA.

SERTP input occurs through each region’s
respective planning process stakeholder
forums. Stakeholders who have reviewed their
respective region’s needs and transmission
plans may provide input regarding any potential
interregional opportunities that may be more
efficient or cost effective than individual
regional plans. Successful interregional project
proposals can displace the respective regional
plans. PJM discussions of SERTP planning, as
well as reports on other interregional planning,
occur at the Transmission Expansion Advisory
Committee (TEAC). The SERTP regional process

itself can be followed at www.southeasternrtp.com.

In May 2018, PJM and its SERTP counterparts
met in person for the biennial review. The meeting
reviewed needs and planned upgrades identified
in each individual regional planning process. No
opportunities for an interregional project among
PJM and SERTP members were identified.

This detailed plan review occurs every two
years and is scheduled next for 2020. PJM
also reviews and coordinates interconnection
and deactivation requests on an ongoing basis
that may have SERTP cross-border impacts.

PIM© 2019
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/ NOTE:
PJM notes that SERTP is an interregional

effort, not to be confused with SRRTEP, PJM'’s
subregional RTEP stakeholder committees.

PJM 2018 Regional Transmission Expansion Plan
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SERC Activities Map 4.2: NERC Areas

PJM continues to support its members that

are located within SERC — shown on Map 4.2.
That support includes active participation in
the Planning Coordination Subcommittee,

the Long-Term Working Group, the Dynamics
Working Group, the Short Circuit Database
Working Group, the Resource Adequacy Working
Group and the Near-Term Working Group.

PJM actively contributed to SERC committee
and working group discussions to coordinate
2018 model development and study activities.
In addition to the regular work on these
committees during 2018, PJM continued to
support SERC'’s analysis of the transmission
impact of the changing resource mix and
increasing penetration of renewable resources.

. ReliabilityFirst
Corporation

PJM territory
(within RF)

[ PJIM territory
(within SERC)
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4.0.5 — Eastern Interconnection Map 4.3: U.S. Interconnections
Planning Collaborative

The Eastern Interconnection Planning Collaborative
(EIPC) is an interconnection-wide transmission
planning coordination effort among NERC Planning
Authorities in the Eastern Interconnection,

shown on Map 4.3. EIPC consists of 20 planning
coordinators comprising approximately 95 percent
of the Eastern Interconnection load. EIPC
coordinates analysis of regional transmission

plans to ensure their coordination and provides
resources to conduct analysis of emerging issues
impacting the transmission grid. EIPC work builds
on, rather than replaces, existing regional and
interregional transmission planning processes of
participating planning authorities. EIPC’s efforts are Western .
intended to inform regional planning processes. Interconnection

Eastern
Interconnection

EIPC Activities Texas

During 2018, EIPC continued to expand Interconnection

power system planning analysis activities

beyond the requirements of FERC Order response will be sufficient even with expected

No. 1000 including the following: increases in non-synchronous generation.

e The Production Cost Task Force completed e The State of the Eastern Interconnection report
development of a first-of-its-kind Eastern was published in October 2018. This report
Interconnection-wide production cost provides a summary of the analysis EIPC has
database. This database gives planning performed and the state of interconnected
coordinators up-to-date data and tools to planning across the Eastern Interconnection.
respond to broad impact public policy and The report is available on the PJM website.

power system economic questions.
PJM expects many of these activities to
e The Frequency Response Task Force completed continue in 2019. The transmission analysis

its analysis of the ability of the Eastern working group will complete an updated
Interconnection to maintain frequency following reliability screening aimed at identifying

a disturbance during low inertia periods. The emerging issues between planning regions. The
study concluded that over the five-year planning Production Cost Task Force is currently evaluating
horizon, system inertia and primary frequency potential studies to be completed in 2019.

PIM © 2019 PIM 2018 Regional Transmission Expansion Plan
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4.1: MISO/PJM Market Efficiency Studies

Following the Annual Issues Review in the first
quarter of 2018, PJM and MISO initiated two
market efficiency studies under the Coordinated
System Plan (CSP). The first was a TMEP study to
address persistent historical congestion issues on
market-to-market flowgates. The second is a long-
term IMEP study to identify and resolve current
and projected future market efficiency concerns.
These studies are conducted in accordance with
the currently effective joint operating agreement.
In 2018, stakeholders at the IPSAC
discussed further changes to Article 9 of the
JOA. These changes centered on cleanup of
language which referred to a “joint model”
no longer being developed following a 2016
FERC compliance directive. Additional changes
removing the distribution factor threshold for
interregional projects were endorsed. Interregional
projects must still meet the regional criteria
of both PJM and MISO, but there would be
no separate criteria in the JOA under this
proposal. PJM anticipates these changes will
be accepted by the FERC in early 2019.

OH VA LAY

TMEP interregional projects address historical
congestion on market-to-market flowgates — a set
of specific flowgates subject to joint and common
market (JCM) congestion management. The JCM
congestion management process is described

in the MISO/PJM Joint Operating Agreement.
Congestion arising from joint market operations
creates significant financial consequences for
market participants. PJM and MISO agree that in
addition to evaluating the need for IMEPs based
on future system projections, there is also a need
to remedy historical congestion on the seam.

2018 Targeted Market Efficiency Project Study
As a result of the 2018 annual issues review,
the Joint RTO Planning Committee (JRPC), in
consultation with IPSAC, decided to conduct a
TMEP study in 2018. The study was initiated
in April and concluded in October, culminating
in December approval of two recommended
projects by the PJM and MISO Boards.

The 2018 study evaluated the 61 most

congested market-to-market flowgates in 2016 and

2017. Cumulative PJM and MISO congestion on
these facilities was approximately $523 million.

PIM© 2019

Following detailed review of these flowgates,
previously planned projects (RTEP, Midwest
ISO Transmission Expansion Plan [MTEP], or
interregional TMEPs) were identified that are
expected to address $268 million (just over
50 percent) of this congestion. An additional
$201 million in congestion (approximately
40 percent) was identified as driven by
transmission outages. Since these specific
outages are not expected to persist, no projects
were developed to address that congestion.

For the remaining $54 million of congestion,
which a TMEP would be eligible to address,
potential projects were identified and evaluated.
Ultimately, two upgrades shown in Table 4.1 that
met all the TMEP criteria were identified. These
two projects are expected to relieve $25 million
of congestion; nearly half the remaining eligible
congestion. Projects to relieve congestion on the
remaining flowgates did not meet the benefit/
cost requirement or other TMEP criteria.

PJM 2018 Regional Transmission Expansion Plan

75


http://pjm.com/directory/merged-tariffs/miso-joa.pdf

76

Section 4: Interregional Planning

Figure 4.1 shows how the $523 million
is being addressed by the TMEP process.

Congestion management on market-to-
market (M2M) flowgates is a complicated and
multifaceted issue. Elimination of all congestion
is neither a feasible nor cost-effective goal.
Outage conditions — often driven by construction
of upgrades — will continue to cause congestion.
New constraints will emerge as transfer patterns
change, driven by evolving economic and system
conditions. Overall, the 2018 TMEP study results
show that the regional and interregional planning
processes are effective at developing cost-effective
solutions to persistent congestion issues.

PJM 2018 Regional Transmission Expansion Plan

Figure 4.1: Targeted Market Efficiency Project Study Results — Congestion Cost

Previously Approved
TMEP Resolves

$55M \

TMEP Recommended
+ Approved
$25 M

TMEP Upgrade

Planned System
Change Resolves
$213 M

Congestion
Cost Total
$523 M

TMEP Effectiveness
Uncertain /

$3 M
Does Not Meet

Benefit/Cost Ratio

$17 M Identified
. QOutage-Driven
No Persistent $201M
Congestion
$6 M
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Map 4.4: Approved Targeted Market Efficiency Projects

Approved Targeted Market Efficiency Projects
PJM and MISO completed the second TMEP ) &
analysis in October 2018, leading to the 1
development of two transmission projects that |
were recommended to and approved by the PJIM \
and MISO Boards in December 2018. The two ’
projects, shown in Table 4.1 and on Map 4.4, are i §

estimated to cost a combined $4.5 million and will H\w

produce joint market congestion savings totaling 8
approximately $32 million in the first four years
of operation. PJM and MISO expect both projects
to be in service no later than June 1, 2021.
In 2019, as part of the Annual Issues

Marblehead

NV

Review, PJM and MISO will review historical )

M2M congestion along their seam. Results
of this review will determine the merits
of a full TMEP study in 2019.
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Table 4.1: Approved 2018 Targeted Market Efficiency Projects

N

Marblehead transformer was not designated
as a M2M facility for a majority of the historical

NOTE:

M2M Facility

Upgrade

MTEP
Project
No.

RTEP
Project
No.

Interregional
Benefit
Allocation

Transmission

Owner Benefit Cost

period evaluated in this study, which resulted in Marblehead 161/ Terminal equipment Ameren (IL) | $124M | $175K 100% MISO 16227 N/A
no benefit allocation to PJM. Since there is no cost 138 kV Transformer (disconnect switch and

allocation or construction responsibility assigned Busiconduetor)

to PJM, a baseline ID has not been designated Gibson-Petersburg Terminal equipment Duke/IPL | $19.5M | $4.3M 93% MISO/ 16228 b3053
for this project. 345KV Line (switches, breakers, 7% PIM

relays, bus work)

PIM© 2019
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Section 4: Interregional Planning

Figure 4.2: Interregional Market Efficiency Project Study Timeline

4.1.3 — PJM/MISO Interregional

Market Efficiency Study

Periodically, the JRPC, with input from
IPSAC, may elect to perform a longer-term
CSP study. After review of each RTO's
transmission issues and regional solutions,
the JRPC initiated a two-year IMEP study in
2018. This follows the CSP study process,
including close coordination with PJM and
MISO regional market efficiency analyses.
Consistent with currently effective interregional
agreements, benefit determination is
calculated independently by each region,
following their unique regional process.

For more information on PJM’s regional
market efficiency process, see Section 3.

PJM 2018 Regional Transmission Expansion Plan
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Model Development & Criteria Analysis

Model Development

Final Models
Developed,

Long-Term
Window Open

Issues Identified

Final
Models
Posted,

Issues

Project
Solici-
tation

Identified

During 2018, PJM and MISO each developed
regional market analysis models to project
future system conditions and identified eligible
congestion drivers. PJM and MISO have solicited
transmission developer proposals to address
identified congestion issues along the mutual seam
as identified in their respective regional planning
processes. PJM'’s eligible drivers included five
constraints near the MISO seam, as described
in Section 3.3, which PJM asserts would most

effectively be addressed by an interregional project.

Market efficiency proposals must be submitted
during the RTEP market efficiency proposal
window, which is open from November 2, 2018
to March 1, 2019. Proposals designated as
interregional projects must also be submitted to

PIM© 2019

Model Update Regional Evaluation of
Interregional Solutions

Regional Analysis

= o -4 > - >
S 2 & EEEFFEEREEREREE cl|l 3| R
< = (=] - 58 = < = ] = (@] = (=)
Regional Solutions Analysis
Board
Approval

Board
Approval

Interregional
Cost Allocation

the MISO process, triggering the consideration of a
shared cost IMEP in accordance with the JOA. The
evaluation of IMEP proposals will occur in 2019,
culminating in potential project recommendations
to the PJM and MISO Boards in December 2019.
Figure 4.2 shows the approximate IMEP schedule.

N~ |

On February 22, 2019, PJM announced that the
close of the 2018/2019 long-term proposal
Window was extended from March 1, 2019 to
March 15, 2019 as a result of the February 12,
2019 FERC order accepting PJM’s Operating
Agreement changes regarding modeling of FSA
generation in Market Efficiency analysis.
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Section 5: 2018/2019 Stage 1A ARR 10-Year Analysis

KY MI NC

5.0: RTEP Context

Auction Revenue Rights (ARRs) are the mechanism
by which the proceeds from the annual Financial
Transmission Rights (FTR) auction are allocated.
ARRs entitle the holder to receive an allocation

of the revenues from the annual FTR auction.

PJM conducts annual studies to determine if
transmission system expansions are required to
accommodate the Stage 1A ARRs so that all are
simultaneously feasible for a 10-year period.

5.0.1 — Scope

Each year, PJM conducts an analysis to test

the transmission system'’s ability to support the
simultaneous feasibility of all Stage 1A ARRs for
base load plus the projected 10-year load growth. If
needed, PJM will recommend expansion projects to
be included in RTEP with required in-service dates
based on results of the 10-year analysis itself. As
with all other RTEP expansion recommendations,

OH

TN VA LAY

those for ARRs will include the driver, cost,
cost allocation and analysis of project benefits,
provided that such projects will not otherwise be

subject to a market efficiency cost/benefit analysis.

Project costs are allocated to a transmission
zone based on each zone's total Stage 1A ARR
flow percentage to the overloaded facility.

The analysis evaluates both PJM internal
transmission facilities and interregional
market-to-market (M2M) facilities. M2M
facilities are those flowgates which are
eligible for market-to-market coordination.

“

NOTE:

Stage 1A is the first round of the annual ARR
allocation, which is designed to enable native
load utilization of the transmission system
while preserving long-term capability.

PIM© 2019

PJM 2018 Regional Transmission Expansion Plan



E Section 5: 2018/2019 Stage 1A ARR 10-Year Analysis

| 80 | PJM 2018 Regional Transmission Expansion Plan PIM© 2019



DE IL IN

‘ Section 5: 2018/2019 Stage 1A ARR 10-Year Analysis
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5.1: 2018/2019 Stage 1A ARR

10-Year Analysis Results

During 2018, PJM market simulation staff
completed a 10-year simultaneous feasibility
analysis for 2018/2019 Stage 1A ARR selections.
The power flow case used in the 10-year feasibility
analysis is the same one used in the 2018/2019
annual ARR allocation, but without any modeled
maintenance transmission outages. The results of
the 10-year analysis identified violations on both
PJM internal and interregional M2M facilities. PJM
determined that the transmission solutions that
would address identified violations were previously
noted during one of the following processes:

Table 5.1: 2018/2019 Stage 1A ARR 10-Year Infeasible Facilities

OH VA

e Planned projects as part of the respective
MISO or PJM regional planning processes

e Planned projects as part of the MISO/PJM
interregional planning process

The list of infeasible facilities along
with expected projects that will address the
infeasibilities are provided in Table 5.1.

Internal PJM Facilities

The analysis shows only one internal facility with
a Stage 1A 10-year violation. This facility, the
Emilie-Falls 138 kV line, is located in the PECO
zone. PJM RTEP project b2774, Emilie-Falls

138 kV line reconductoring with a projected
in-service date of 2020, alleviates the violation
and restores Stage 1A ARR capability. As the
current PJM RTEP already contains a solution
to this Stage 1A ARR constraint, no additional
transmission enhancement is needed.

Market-to-Market Facilities

The analysis shows violations on multiple
M2M transmission facilities, driven by impacts
from internal PJM generation. Transmission
enhancements have been identified for

these violations. Since a plan has been
established to address these violations, no
further immediate action is necessary.

Facility Name
Emilie-Falls 138 kV line

Michigan City-Bosserman 138 kV line for the loss of Michigan City-Trail Creek 138 kV line

Monroe-Bayshore 345 kV line for the loss of Allen Jct-Morocco 345 kV line

Eugene-Cayuga 345 KV line for the loss of Rockport-Jefferson 765 kV line

Tanners Creek-Miami Fort 345 kV line for the loss of East Bend-Terminal 345 kV line
Miami Fort 345/138 transformer for the loss of East Bend-Terminal 345 kV line
Hennepin S.-Hennepin Tap 138 kV line for the loss of Princeton Tap 138 kV substation
Miami Fort-Hebron 138 KV line for the loss of Eastbend-Terminal 345 kV line

Lakeview-Zion 138 KV line for the loss of Pleasant Prairie-Zion 345 kV line
and Pleasant Prairie-Zion EC 345 kV line

Facility Expected
Type Proposed Solution In-Service Date
Internal PJM RTEP b2774: Reconductor Emilie-Falls 138 kV line 2020

M2M Flowgate | PJM RTEP b2973: Reconductor Michigan City-Bosserman 138 kV line 2020
M2M Flowgate | PJM RTEP b2972: Reconductor limiting span of Lallendorf-Monroe 345 KV line 2020
(crossing of Maumee River)
M2M Flowgate | PJM RTEP b2777: Reconductor the entire Dequine-Eugene 345 kV circuit No.1 2021
M2M Flowgate | PJM RTEP h2968/2831: Upgrade and/or rebuild the Tanners Creek-Miami Fort 345 kV line 2021/2022
M2M Flowgate | PJM RTEP b2968/2831: Upgrade and/or rebuild the Tanners Creek-Miami Fort 345 kV line 202172022
M2M Flowgate | MISO MTEP 7820: Reconductor Hennepin-Kewanee 138 kV line (line 6101) 2018
M2M Flowgate | PJM RTEP b2968/2831: Upgrade and/or rebuild the Tanners Creek-Miami Fort 345 kV line 202172022
M2M Flowgate | MISO MTEP 8065: Connect 345 kV line 2224 (Zion-Libertyville 345 kV) 2021

PIM© 2019
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Section 6: State Summaries

DC IL IN

KY MD Mi NJ NC OH PA TN VA wv

6.0: Delaware RTEP Summary

6.0.1 — RTEP Context

PJM — a FERC-approved RTO — operates and
plans the bulk electric system (BES) in Delaware,
including facilities owned and operated by
Delaware Municipal Electric Corporation (DEMEC),
Delmarva Power & Light (DPL) and Old Dominion
Electric Cooperative (ODEC) as shown on Map 6.1.
Delaware’s transmission system delivers power

to customers from native generation resources in
the region and throughout the RTO arising out of
PJM market operations as well as power imported
interregionally from systems outside PJM.

Map 6.1: PJM Service Area in Delaware

Ny

Substation
500 kV

Transmission Lines
500 kV
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Section 6: State Summaries

6.0.2 — Load Growth Table 6.1: Delaware — 2018 Load Forecast Report
PJM’s 2018 Load Forecast provided the basis for .
. . . Summer Peak (MW) Winter Peak (MW)

the loads modeled in power flow studies used in

PJM’s 2018 analyses. Tahle 6.1 and Figure 6.1 Growth 2017/ 2027/ Growth

summarize the expected loads within the state Transmission Owner 2018 2028 Rate 2018 2028 Rate

of Delaware and across PJM. Delmarva Power and Light * 2,617 2,670 0.2% 2,117 2,200 0.4%
PJM RTO 152,108 157,635 0.4% 131,463 136,702 0.4%

* Note: PJM notes that Delmarva Power and Light serves load other than in Delaware. The summer peak and winter peak megawatt values in this table
each reflect the estimated amount of forecasted load to be served by Delmarva Power solely in Delaware. Estimated amounts were calculated based
on the average share of Delmarva Power’s real-time summer and winter peak load located in Delaware over the past five years.

Figure 6.1: PJM RTO Summer Peak Demand Forecast

Load (MW)
180,000+

170,000

160,000

150,000

=== PJM RTO 2014 Load Forecast

A0, 000 | == PJMRTO 2015 Load Forecast
PJM RTO 2016 Load Forecast
PJM RTO 2017 Load Forecast
PJM RTO 2018 Load Forecast

130,000 |

120,000 T T T T T T T T T T T T : : : . : : .
2014 2016 2018 2020 2022 2024 2026 2028 2030 2032
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6.0.3 — Existing Generation Figure 6.2: Delaware — Existing Installed Capacity (MW) by Fuel Type (December 31, 2018)
Existing generation in Delaware

as of December 31, 2018, is shown
by fuel type in Figure 6.2.

Coal, 410 MW — Natural Gas, 2,040 MW

Oil, 780 MW ——

PIM © 2019 PIM 2018 Regional Transmission Expansion Plan
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6.0.4 — Interconnection Requests Table 6.2: Delaware — Capacity by Fuel Type — Interconnection Requests

As of December 31, 2018, 21 queued : :

brojects were actively under study, under Fuel Source Capacity, MW Nameplate Capacity, MW

construction or in suspension in the state of Natural Gas 4510 4510

Delaware. A summary of those interconnection Solar 197.6 4183

requests is shown in Table 6.2, Table 6.3, Storage 02 10

Figure 6.3, Figure 6.4 and Figure 6.5. Wind 160.4 999.8
Total 809.2 1,470.1

Figure 6.3: Delaware — Queued Capacity (MW) by Fuel Type (December 31, 2018)

Wind,
160 MW

[ Nameplate Capacity, 600 MW }

Storage,
0.2 MW

[ Nameplate Capacity, 1 MW ]

Natural Gas,
451 MW

Solar,
198 MW

[ Nameplate Capacity, 418 MW }

* Note: Nameplate Capacity
represents a generator's rated
full power output capability.
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Table 6.3: Delaware — Interconnection Requests by Fuel Type (Nameplate Energy) (December 31, 2018)

Complete In Queue Grand
In Service Withdrawn Active Suspended Under Construction Total
No. of Capacity, No. of Capacity, No. of Capacity, No. of Capacity, No. of Capacity, No. of Capacity,
Projects Mw Projects MW Projects MW Projects MW Projects Mw Projects MW
Non-Renewable 28 1,318.3 25 6,232.4 1 0.2 1 451.0 0 0.0 55 8,001.9
Coal 2 23.0 1 630.0 0 0.0 0 0.0 0 0.0 3 653.0
Natural Gas 19 1,097.1 19 5,556.4 0 0.0 1 451.0 0 0.0 39 7,104.5
0il 5 168.2 1 1.0 0 0.0 0 0.0 0 0.0 6 169.2
Other 2 30.0 0 0.0 0 0.0 0 0.0 0 0.0 2 30.0
Storage 0 0.0 4 45.0 1 0.2 0 0.0 0 0.0 5 45.2
Renewable 5 9.0 2] 586.9 18 293.6 0 0.0 1 64.4 51 953.9
Biomass 1 0.0 4 24.0 0 0.0 0 0.0 0 0.0 5 24.0
Methane 4 9.0 3 28.8 0 0.0 0 0.0 0 0.0 7 37.8
Solar 0 0.0 16 178.7 16 197.6 0 0.0 0 0.0 32 376.3
Wind 0 0.0 4 355.4 2 96.0 0 0.0 1 64.4 7 515.8
Grand Total 33 1,321.3 52 6,819.3 19 293.8 1 451.0 1 64.4 106 8,955.8
PIM© 2019 PJM 2018 Regional Transmission Expansion Plan
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Figure 6.4: Percentage of Projects in Queue by Fuel Type (December 31, 2018)

100% - B Wood
- = Wind
80% - Storage
| B Solar
m Other
60% - Oil
_ Nuclear
40% - ® Natural Gas
| B Methane
20% - B Hydro
® Diesel
0% | m Coal
DE RTO W Biomass

Figure 6.5: Delaware Progression History of Queue — Interconnection Requests (December 31, 2018)

MIN 280'Y
MIN €¥8°T
MIN £ZE'T

Applications Feasibility Impact Facilities © In Service

Received Studies Studies Studies :

by PJM Issued Issued Issued ° )
: Construction
‘ of Facilities
Executed

O Projects withdrawn after final agreement ISA/WMPA

* 3 Interconnection Service Agreements — 420 MW <{Nameplate Capacity, 780 MW|

e 4 Wholesale Market Participation Agreements —13.3 MW{Nameplate Capacity, 46.9 MW]

® Percentage of planned capacity and projects reached commercial operation
® 15.3 % requested capacity megawatt
e 37.9 % requested projects
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6.1: Northern lllinois RTEP Summary

6.1.1 — RTEP Context

PJM - a FERC-approved RTO — operates and
plans the bulk electric system (BES) in Northern
[llinois, including facilities owned and operated
by Commonwealth Edison (ComEd) and the City
of Rochelle as shown on Map 6.2. The Northern
Illinois’ transmission system delivers power to
customers from native generation resources in
the region and throughout the RTO arising out of
PJM market operations as well as power imported
interregionally from systems outside of PJM.

Map 6.2: PJM Service Area in Northern lllinois

Section 6: State Summaries
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Section 6: State Summaries

6.1.2 — Load Growth Table 6.4: Northern lllinois — 2018 Load Forecast Report
PJM’s 2018 Load Forecast provided the basis for

the loads modeled in power flow studies used in e Pl el el C (LA

PJM’s 2018 analyses. Table 6.4 and Figure 6.6 Growth 2017/ 2027/ Growth
summarize the expected loads within the state Transmission Owner 2018 2028 Rate 2018 2028 Rate

of Northern lllinois and across all of PJM. Commonwealth Edison Company 22,121 23,207 0.5% 15,714 16,329 0.4%

PJM RTO 152,108 157,635 0.4% 131,463 136,702 0.4%
* Note: PJM does not serve the entire state of lllinois.

Figure 6.6: PJM RTO Summer Peak Demand Forecast

Load (MW)
180,000+

170,000

160,000

150,000

@ PJM RTO 2014 Load Forecast
140,000 - e== PJM RTO 2015 Load Forecast

PJM RTO 2016 Load Forecast
PJM RTO 2017 Load Forecast
PJM RTO 2018 Load Forecast

130,000 |

120,000

2014I I2016I I2018I I2020I I2022I I2024I I2026I I2028I I203OI I2032I
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6.1.3 — Existing Generation Figure 6.7: Northern lllinois — Existing Installed Capacity (MW) by Fuel Type (December 31, 2018
Existing generation in Northern Illinois
as of December 31, 2018, is shown
by fuel type in Figure 6.7.

Natural Gas, 10,792 MW
Coal, 3,838 MW —

Solar, 3 MW

Wind, 464 MW
Qil, 272 MW -

Nuclear, 10,517 MW

PIM © 2019 PIM 2018 Regional Transmission Expansion Plan
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6.1.4 — Interconnection Requests

As of December 31, 2018, 104 queued
projects were actively under study, under
construction or in suspension in the state of
I1linois. A summary of those interconnection
requests is shown in Table 6.5, Table 6.6,
Figure 6.8, Figure 6.9 and Figure 6.10.

PJM 2018 Regional Transmission Expansion Plan

Table 6.5: Northern lllinois — Capacity by Fuel Type — Interconnection Requests

Fuel Source Capacity (MW) Nameplate Capacity (MW)
Natural Gas 7,835.6 8,011.2
Wind 1,613.6 8,970.2
Solar 1,420.5 2,562.5
Hydro 22.1 22.1
Storage 2.2 161.4
Total 10,894.6 19,728.0

Figure 6.8: Northern lllinois — Queued Capacity (MW) by Fuel Type (December 31, 2018)

Hydro,
23 MW

Wind,
1,614 MW

( Nameplate Capacity, 8,970 MW |

Natural Gas,
7,836 MW

Storage,
2 MW

[ Nameplate Capacity, 161 MW ]

Solar,
1,421 MW

[ Nameplate Capacity, 2,563 MW ]

* Note: Nameplate Capacity
represents a generator’s rated
full power output capability.
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Table 6.6: Northern lllinois — Interconnection Requests by Fuel Type (Nameplate Energy) (December 31, 2018)

Section 6: State Summaries

In Service

Complete

Capacity,
MW

Withdrawn

Capacity,
MW

Active

Projects

In Queue

Capacity,
MW

Under Construction

Projects

Grand
Total

Capacity, No. of
Mw Projects

Capacity,
MW

Non-Renewable 32 1,171.2 3 60.6 33 1,850.8 43 10,489.3 m 20,177.9
Coal 0 0.0 0 0.0 0 0.0 5 3,652.0 5 3,652.0
Diesel 0 0.0 0 0.0 2 22.0 0 0.0 2 22.0
Natural Gas 28 7,775.0 2 60.6 15 1,423.0 15 6,051.3 60 15,309.9
Nuclear 0 0.0 0 0.0 10 385.8 5 782.0 15 1,167.8
Other 0 0.0 0 0.0 1 20.0 3 0.0 4 20.0
Storage 4 2.2 1 0.0 5 0.0 15 4.0 25 6.2

Renewable 59 2,152.4 10 304.4 28 671.6 144 3,281.7 yZy| 1,016.1
Biomass 0 0.0 0 0.0 0 0.0 3 90.0 3 90.0
Hydro 0 0.0 2 22.7 0 0.0 2 43 4 21.0
Methane 0 0.0 0 0.0 6 49.0 14 63.9 20 112.9
Solar 25 1,420.5 0 0.0 1 34 32 845.0 58 2,268.9
Wind 34 1,331.9 8 281.7 21 619.2 93 2,284.5 156 4,517.3

Grand Total 91 10,529.6 13 365.0 61 2,522.4 187 13,771.0 352 27,194.0

PIM© 2019 PJM 2018 Regional Transmission Expansion Plan

93



E Section 6: State Summaries

Figure 6.9: Percentage of Projects in Queue by Fuel Type (December 31, 2018)
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Figure 6.10: Northern lllinois Progression History of Queue — Interconnection Requests (December 31, 2018)
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. . . ) of Facilities
O Projects withdrawn after final agreement . ted
* 7 Interconnection Service Agreements — 275.6 MW+ Nameplate Capacity, 1,178 MW| ISXK;:\;GI\?PA

* 4 Wholesale Market Participation Agreements — 3.8 MW < Nameplate Capacity, 14.7 MW |

® Percentage of planned capacity and projects reached commercial operation

® 16 % requested capacity megawatt
® 25.7 % requested projects
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6.1.5 — Generation Deactivation

Known generating unit deactivation
requests in Northern lllinois between
January 1, 2018, and December 31, 2018,
are summarized in Table 6.7 and Map 6.3.

Map 6.3: Northern lllinois Generation Deactivations (December 31, 2018)

Section 6: State Summaries

Deactivation Notices 2018

88

Retired Generation MW
Requested Deactivations MW
Substations >= 345 kV
Transmission Lines >= 345 kV

Table 6.7: Northern lllinois Generation Deactivations (December 31, 2018)

,‘ =
SoutheastiChicago

Unit
Southeast Chicago 5
Southeast Chicago 6
Southeast Chicago 7
Southeast Chicago 8
Southeast Chicago 9
Southeast Chicago 10
Southeast Chicago 11
Southeast Chicago 12
Morris Landfill

Capacity
(Mw)

PIM© 2019

38
38
38
38
38
38
38
38

TO
Zone

ComEd
ComEd
ComEd
ComEd
ComEd
ComEd
ComEd
ComEd
ComEd

Age
(Years)
16
16
16
16
16
16
16
16
17

Projected/Actual
Deactivation Date

6/1/2020
6/1/2020
6/1/2020
6/1/2020
6/1/2020
6/1/2020
6/1/2020
6/1/2020
5/31/2018
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6.1.6 — Baseline Projects Map 6.4: Northern lllinois Baseline Map
RTEP baseline upgrades greater than or %@& Q
equal to $10 million in Northern Illinois l {

are summarized in Table 6.8 and Map 6.4.
In 2018, PJM added $15 million in total
baseline projects in Northern lllinois. Q

Legend
Identified Reinforcement

Transmission System
Enhancement

Substations >= 345 kV
Transmission Lines >= 345 kV

Table 6.8: Northern lllinois Baseline Projects (Greater than $10 M) (December 31, 2018)

Required Project 2018 Baseline Load
Map In-Service  Cost TO TEAC Growth Deliverability

ID Project Sub ID Description Date ($M) Zone Review and Reliability

1 b2999 Rebuild 12.36 miles of Schauff Road-Nelson Tap 138 kV line. 11/1/2019 $17.00 ComEd | 5/21/2018 X
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6.1.7 — Network Projects Map 6.5: Northern lllinois Network Projects (Greater than $10 M) (December 31, 2018)
RTEP network upgrades greater than or )
equal to $10 million in Northern lIllinois are
summarized in Table 6.9 and Map 6.5.
r
3
J
u,\?
)|
N\
\
3
{
\

Legend
Identified Reinforcements

Transmission System
Enhancement

Substations >= 345 kV
Transmission Lines >= 345

Table 6.9: Northern lllinois Network Upgrades (Greater than $10 M) (December 31, 2018)

Required  Project

Map Project In-Service Cost TO
ID Project Description Driver DE( ($M)
Reconductor the Elwood-Goodings Grove 345 kV line, upgrade the station conductor at both line q
1 n5915 terminals, and upgrade the line circuit breaker at Goodings Grove. Generation | AC1-204 (Natural Gas) 6/1/2022 $23.00 ComEd 9/13/2018
Reconductor the Elwood -Goodings Grove 345 kV line, upgrade the station conductor at both line ’
2 n5916 terminals, and upgrade the line circuit breaker at Goodings Grove. Generation | AC1-204 (Natural Gas) 6/1/2022 $23.00 ComEd 9/13/2018
3 n5917 Reconductor the E. Frankfort-Crete 345 kV line. Generation | AC1-204 (Natural Gas) 6/1/2022 $10.00 ComEd 9/13/2018
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6.1.8 — Supplemental Projects Map 6.6: Northern Illinois Supplemental Projects (December 31, 2018)
RTEP supplemental upgrades greater than or -
equal to $10 million in Northern lIllinois are \
summarized in Table 6.10 and Map 6.6.

e —

| P

Table 6.10: Northern lllinois Supplemental Projects (Greater than $10 M) (December 31, 2018)

Projected
Map In-Service Project 2018 TEAC

ID  Project Description Date Cost ($M) Review
Install a new 138/34 KV transformer with high side and low side breakers at Lena. Expand the 34 kV switchgear.

1 1480 Replace line circuit switchers with 138 kV breakers, install new bus tie breaker. 6/1/2019 $14.20 ComEd 1/8/2018
Normally close 138 KV line into Lena. Normally open the new 138 kV bus tie breaker. 6/1/2019 ComEd 1/8/2018
Install a 345 kV bus tie and breaker at Lisle 345 kV substation. Close the new and existing bus ties creating a large hybrid

2 s1529 ring bus so each bus contains a transmission line and a transformers. Install four 345 kV line breakers and two 345 kV 12/31/2019 $30.00 ComEd 2/8/2018
high-side transformer breakers.
Replace Wayne 345/138 KV transformer. Finish ring bus on 345 kV bus. Install two 34 5kV breakers. Retire existing cap bank

3 s1530 and install 138 kV cap bank. 12/31/2019 $15.00 ComEd 2/8/2018
Construct new line from the Twombley Road substation to a tap of the West DeKalb-Glidden 138 KV line just outside the City of

4 | s1533 | West DeKalb 138 kV substation. 107172021 $18.00 Rochelle 31912018
ComEd work at West DeKalb to accommodate the connection. 10/1/2021 ComEd 3/9/2018
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6.1.9 — Merchant Transmission Project Requests
As of December 31, 2018, PJM’s queue contained
three merchant transmission interconnection
request projects, which included a terminal

in Northern Illinois, as shown in Table 6.11

and Map 6.7.

Table 6.11: Northern lllinois Merchant Transmission Project Requests (December 31, 2018)

Section 6: State Summaries

Project Name

Maximum Fuel

Output (MW)

Status

Projected In-
Service Date

TO Zone

AC1-223 E. Frankfort-University Park North 432 Under 6/1/2020 ComEd
Construction

AD1-086 E. Frankfort-Goodings Grove 23.9 Active 6/20/2021 ComEd

AE1-184 Pontiac Midpoint-Dresden 82.7 Active 6/1/2022 ComEd

Map 6.7: Northern lllinois Merchant Transmission Project Requests (December 31, 2018)

Legend

Merchant Projects
. Under Study

Substations >= 345 kV
Transmission Lines >= 345 kV
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6.2: Indiana RTEP Summary

6.2.1 — RTEP Context

PJM - a FERC-approved RTO — operates
and plans the bulk electric system (BES) in
Indiana, including facilities owned and operated
by American Electric Power (AEP) as shown
on Map 6.8. Indiana’s transmission system
delivers power to customers from native
generation resources in the region and
throughout the RTO arising out of PJM
market operations as well as power imported
interregionally from systems outside of PJM.

Section 6: State Summaries

Map 6.8: PJM Service Area in Indiana
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Section 6: State Summaries

6.2.2 — Load Growth Table 6.12: Indiana — 2018 Load Forecast Report

PJM’s 2018 Load Forecast provided the basis for -

the loads modeled in power flow studies used in iy e ) ettt L)

PJM’s 2018 analyses. Tahle 6.12 and Figure 6.11 Growth 2017/ 2027/ Growth

summarize the expected loads within the state Transmission Owner 2018 2028 Rate 2018 2028 Rate

of Indiana and across all of PJM. American Electric Power* 3,770 3,958 0.5% 3,212 3,377 0.5%
PJM RTO 152,108 157,635 0.4% 131,463 136,702 0.4%

* Note: PJM notes that American Electric Power serves load other than in Indiana. The summer peak and winter peak megawatt values in this table each
reflect the estimated amount of forecasted load to be served by American Electric Power solely in Indiana. Estimated amounts were calculated based on the
average share of American Electric Power real-time summer and winter peak load located in Indiana over the past five years.

Figure 6.11: PJM RTO Summer Peak Demand Forecast

Load (MW)
180,000+

170,000

160,000

150,000
=== PJM RTO 2014 Load Forecast
A0, 000 | = PJM RTO 2015 Load Forecast
PJM RTO 2016 Load Forecast
130,000 | e== PJM RTO 2017 Load Forecast

e PJM RTO 2018 Load Forecast

120,000

2014 2016 2018 2020 2022 2024 2026 2028 2030 2032
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6.2.3 — Existing Generation
Existing generation in Indiana as of
December 31, 2018, is shown by
fuel type in Figure 6.12.

Section 6: State Summaries

Figure 6.12: Indiana — Existing Installed Capacity (MW) by Fuel Type (December 31, 2018)

Coal, 3,779 MW

Wind, 242 MW,

Hydro, 7 MW ——

Solar, 5 MW/

Natural Gas, 2,279 MW
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Section 6: State Summaries

6.2.4 — Interconnection Requests Table 6.13: Indiana — Capacity by Fuel Type — Interconnection Requests

As 9f December 3,1’ 2018, 31 queued Fuel Source Capacity, MW Nameplate Capacity, MW

projects were actively under study, under

. . . Natural Gas 1,200.0 1,250.0

construction or in suspension in the state of

Indiana. A summary of those interconnection Stflar 7085 16900

requests is shown in Table 6.13, Table 6.14, Wind 3487 25242

Figure 6.13, Figure 6.14 and Figure 6.15. Storage 80.0 80.0
Coal 36.0 36.0
Total 2,313.1 5,580.2

Figure 6.13: Indiana — Queued Capacity (MW) by Fuel Type (December 31, 2018)

Natural Gas,
Coal, 1,200 MW
36 MW
Wind,
349 MW

[ Nameplate Capacity, 2,524 MW ]

Storage,
80 MW

[ Nameplate Capacity, 80 MW ]

Solar,
709 MW

| Nameplate Capacity, 1,690 MW |

* Note: Nameplate Capacity
represents a generator’s rated
full power output capability.
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Section 6: State Summaries

Table 6.14: Indiana — Interconnection Requests by Fuel Type (Nameplate Energy) (December 31, 2018)

Complete In Queue Grand
In Service Withdrawn Active Under Construction Total

No. of Capacity, No. of Capacity, No. of Capacity, No. of Capacity, No. of Capacity,
Projects MW Projects MW Projects MW Projects MW Projects Mw

Non-Renewahle 1 191.0 8 2,671.3 3 1,180.0 3 136.0 Al 4,778.3
Coal 3 30.0 2 901.0 0 0.0 1 36.0 6 967.0
Natural Gas 4 761.0 2 1,747.0 2 1,100.0 2 100.0 10 3,708.0
Storage 0 0.0 4 23.3 1 80.0 0 0.0 5 1033

Renewable 13 359.1 55 3,555.2 23 1,005.1 2 52.0 93 497114
Methane 2 8.0 1 3.6 0 0.0 0 0.0 3 11.6
Solar 3 5.1 13 2,005.0 12 708.5 0 0.0 28 2,718.5
Wind 8 346.0 41 1,546.7 11 296.7 2 52.0 62 2,241.3

Grand Total 20 1150.0 63 6,227.0 26 2,185.0 5 188.0 114 9,750.0

PIM© 2019 PJM 2018 Regional Transmission Expansion Plan
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E Section 6: State Summaries

Figure 6.14: Percentage of Projects in Queue by Fuel Type (December 31, 2018)
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Figure 6.15: Indiana Progression History of Queue — Interconnection Requests (December 31, 2018)
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Section 6: State Summaries

6.2.5 — Network Projects Map 6.9: Indiana Network Projects (Greater than $10 M) (December 31, 2018)
RTEP network upgrades greater than :

or equal t0o$10 million in Indiana are
summarized in Table 6.15 and Map 6.9.

Legend
Identified Reinforcements
Transmission System
Enhancement
Substations >= 345 kV
Transmission Lines >= 345

Table 6.15: Indiana Network Upgrades (Greater than $10 M) (December 31, 2018)

Required
Map Project In-Service  Project Cost TO 2018 TEAC
ID Project Description Driver Queue Date ($M) Zone Review
. . . Merchant
1 n5034 Build a new Sullivan-Reynolds 765 kV line. TETRTEa X3-028 6/1/2021 $464.00 AEP 9/13/2018
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Section 6: State Summaries

6.2.6 — Supplemental Projects

RTEP supplemental upgrades greater than
or equal to $10 million in Indiana are
summarized in Table 6.16 and Map 6.10.

Pana

Legend
Identified Reinforcement

Transmission
Enhancement

Substations >
Transmission

Table 6.16: Indiana Supplemental Projects (Greater than $10 M) (December 31, 2018)

System

= 345 kV
Lines >= 345 kV

Map 6.10: Indiana Supplemental Projects (Greater than $10 M) (December 31, 2018)
Michigan City~” AL )
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Map Projected Project TO 2018 TEAC

ID Project Description In-Service Date Cost ($M) Zone A

Replace two circuit breakers at Liberty Center and install a new high-side 69 KV circuit switcher. 12/20/2019 AEP 1/8/2018
1 $1430 Replace three circuit breakers at Hartford City 69 kV with 40 kA models. 6/1/2020 $14.98 AEP 1/8/2018

Rebuild approximately 8.5 miles of the Hartford City-Montpelier 69 kV line utilizing aluminum conductor steel cable (68 MVA rating,

e e e 7/23/2019 AEP 1/8/2018

Rebuild approximately 32 miles of the Delaware-Sorenson & Sorenson-Deer Creek 138 kV double circuit line using aluminum conductor

steel cable (257 MVA rating). 12/2/2013 AEP 1/30/2018
2 1455 Rebuild imately 3 miles of the Deer Creek 138 kV double circuit extensi ing alumi ductor steel cabl $34.30

ebuild approximately 3 miles of the Deer Cree ouble circuit extension using aluminum conductor steel cable,
257 MVA rating. 12/2/2019 AEP 1/30/2018

PJM 2018 Regional Transmission Expansion Plan
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Table 6.15: Indiana Supplemental Projects (Greater than $10 M) (December 31, 2018) (Cont.)

Section 6: State Summaries

Map

Projected

Project

TO

2018 TEAC

ID Project Description In-Service Date Cost ($M) Zone Review
Rebuild approximately 2 miles of single circuit line with aluminum conductor steel cable from Anthony Station to Structure 66
(just south of Lakeside station) and continue to Storm Water Station. The rebuilt 34.5 kV circuit from Anthony-Storm Water 34.5 kV 9/23/2020 AEP 1/30/2018
3 $1496 will be limited by switches at Storm Water creating an overall rating of 41/45 MVA and 53/57 MVA. $16.60
At Water Pollution Station, replace two 34.5 kV circuit breakers with 1200 A 25 kA breakers. 9/23/2020 ' AEP 1/30/2018
At Anthony Station, replace a 34.5 kV circuit breaker with a 25 kA breaker. 3/25/2020 AEP 1/30/2018
Rebuild the approximately 19 miles of the Delaware-Madison double circuit 138 kV line utilizing double circuit aluminum
e s e 12/20/2019 AEP 1/30/2018
4 s1438 Replace risers at Delaware station with 1200 A jumpers. 12/18/2021 $54.80 AEP 1/30/2018
Replace the switches at Daleville station with 100 kA switches. 12/31/2021 AEP 1/30/2018
Rebuild from structure near Anchor Hocking Station to structure near Price station using approximately 6.5 miles aluminum
5 51508 conductor steel cable. 5/14/2020 $10.60 AEP 2/14/2018
At Osolo station, replace two 34.5 kV breakers with 69 kV 40 kA breakers. Replace Transformer 1 with a 138/69/34.5 kV 75 MVA
unit and install a high-side circuit switcher. Install two line breakers and a bus tie breaker in between the two loads utilizing 4/10/2020 AEP 3/9/2018
6 51549 138 kV 40 kA breakers. $1210
At East Elkhart station, replace Transformer 2 with a 138/69/34.5 kV 75 MVA transformer. Replace a circuit breaker
with a 40 kA 69 kV breaker. 41012020 AEP 3/3/2018
Rebuild from Tulip Road to Grandview station utilizing 7.4 miles of single circuit aluminum conductor steel cable (64 MVA rating)
built to 69 kV but energized at 34.5 kV. From Grandview-West Side, build 1.2 miles of double circuit aluminum conductor steel cable
7 s1550 built to 69 kV but operated at 34.5 kV. Remove the emergency switch toward Bendix station. Remove the Grandview hard tap 11/30/2018 $17.20 AEP 3/9/2018
and feed the station radially from West Side.
At Jackson Road station, replace 138 kV air blast circuit breakers with new 63 kA circuit breakers. Install five new 63 kA 138 kV
8 | sI982 | cakers. Install three new 345 KV circuit breakers with 63 kA model. Replace 345/138/34.5 kV Transformer 3 with a 675 MVA unit. 12/31/2018 $1379 AEP 3/8/2018
Rebuild Harrison Street station as a 69 kV ring bus station using 340 kA breakers. 4/1/2019 AEP 3/27/2018
Rebuild Lusher Avenue as a 69 kV station using a bus tie breaker with two air breakers on the line exits. 4/1/2019 AEP 3/27/2018
Install a 69 kV 3000 A 40 kA breaker at Concord station toward Harrison Street. Install a 69 kV (34.5 kV operated) 3000 A 40 kA
breaker at Concord station toward AE Comp. 4172019 AEP 3/2112018
At Dunlap Station replace Transformer 2 with a 138/69-34.5 kV 90 MVA transformer. The transformer will have a high-side 40 kA circuit 4/1/2019 AEP 3/27/2018
switcher. Install two 138 kV line breakers using 40 kA breakers. Replace two circuit breakers with 69 kV 40 kA models.
9 s1592 | Rebuild Elkhart Hydro to 69 kV standards but operate it at 34.5 kV. Replace two circuit breakers with 40 kA breakers. $38.90
Install a 3000 A 40 kA 69 KV line breaker. 172019 AEP | 372772018
Remove Harrison Street Tap Switch. 4/1/2019 AEP 3/21/2018
Build approximately 1.5 miles of line from the existing Concord-Wolf de-energized 138 kV line to Harrison Street at 69 KV utilizing
aluminum conductor steel cable (64 MVA rating). Retire the line portion from AE Comp-Harrison Street. 41172019 AEP 32112018
Build approximately 1.5 miles from the Dunlap-Concord line to Harrison Street station. Rebuild 0.5 miles of the existing Dunlap-Lusher
line to 69 kV standards and retire the portion between Harrison Street Tap and the new line. All new line will utilize aluminum conductor 4/1/2019 AEP 3/27/2018
steel cable (64 MVA rating).

PIM© 2019
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Section 6: State Summaries

Table 6.15: Indiana Supplemental Projects (Greater than $10 M) (December 31, 2018) (Cont.)

Map Projected Project TO 2018 TEAC

ID Project Description In-Service Date Cost ($M) Zone Review
At Desoto station, install four 345 kV 63 kA breakers in the 345 KV yard with two breakers protecting the Tanners Creek No. 1 line,
a breaker protecting Transformer 1's high side, and an additional breaker protecting Transformer 2's high side. Install five 4/29/2019 AEP 4/5/2018
138 kV kA breakers.

10 s1610 | At Delaware station, retire exits toward College Corner and Selma Parker. Upgrade risers and busses on Deer Creek and Desoto exits. 4/29/2019 $21.10 AEP 4/5/2018
Retire 7 miles of the Delaware-College Corner/Selma Parker double circuit 138 kV line and re-terminate it into Desoto station. 4/29/2019 AEP 4/5/2018
Rebuild roughly 2 miles of the Delaware-Deer Creek/Desoto line using aluminum conductor steel cable (257 MVA rating). 4/29/2019 AEP 4/5/2018
At German Station, install 40 kA 138 kV line breakers towards South Bend Station and Olive Stations. 6/30/2020 AEP 4/5/2018
At South Bend Station, upgrade risers towards Olive and Twin Branch. 6/30/2020 AEP 4/5/2018
At Twin Branch Station, upgrade risers towards South Bend. 6/30/2020 AEP 4/5/2018
2 o bk, a6 K e and s

11 s1611 i ayichi [~ ; ; ; ; 68.80
Eggrg)l(tljrﬁglétl;’nlgégd%brlﬁIcelsrcmt South Bend-New Carlisle 138 kV with aluminum conductor steel cable (257 MVA rating), 6/30/2020 $ AEP 4/5/2018
52€5b7uIl\llldvgx:zgliﬂi)?I;;)vglr[)ex?nr\gtlglflrﬁgCrﬂi_ligfjth Bend 138 KV line asset with single circuit line with aluminum conductor steel cable 6/30/2020 AEP 4/5/2018
Rebuild existing double circuit Olive Entrance B 138 kV Line with aluminum conductor steel cable (257 MVA rating), approximately 1 mile. 6/30/2020 AEP 4/5/2018
Split the East Side-South Bend line from of the South Bend-Twin Branch shared pole. 6/30/2020 AEP 4/5/2018
Il?gtz)u'\iﬂl\%he existing Auburn-Kendallville 69 kV line using aluminum conductor steel cable overhead conductor (~15 miles, 6/30/2019 AEP 4/17/2018

rating).

12| 1613 ¢ kendallville Station, replace three 69 V circuit breakers and associated equipment with 69 kV 40 kA circuit breakers. 6/30/2019 $16.90 AEP | 4/17/2018
At Albion Station, replace one 69 kV circuit breaker and associated equipment with 69 KV circuit breaker. 6/30/2019 AEP 4/17/2018
Construct approximately 2.5 mile 69 kV underground line between Colfax and Muessel. 9/2/2019 AEP 4/17/2018
Install Drewry’s Extension 34.5 kV. 3/31/2020 AEP 4/17/2018
Retire Kankakee-Colfax (UG) 34 kV Line. 5/10/2020 AEP 4/17/2018
Rebuild 0.33 miles of the South Bend-Colfax underground line. 3/31/2020 AEP 4/17/2018
Rebuild 1.9 miles of the South Bend-West Side Line using aluminum conductor steel cable (64 MVA rating). 5/10/2020 AEP 4/17/2018
Bendix-Kankakee 34.5 kV line work. 3/31/2020 AEP 4/17/2018
South Bend station work to set up 69 kV energization. 6/30/2019 AEP 4/17/2018

13 s1666 Set up 69 kV energization at West Side station. 3/31/2020 A AEP 4/17/2018
Rebuild Colfax station. Install a 69 kV circuit breaker towards Muessel Station. Replace 34 kV circuit breaker with a 69 kV circuit 5/7/2020 AEP 417/2018
breaker towards South Bend Station. Install a 69 kV standing wave ratio meter, 69/12 kV Transformer 1 and four 12 kV circuit breakers.
At St. Mary's College, install 69 KV circuit switcher. Replace 69/12 kV transformer and two 69 kV switches. 4/1/2019 AEP 4/17/2018
Relocate Goodland Sw to West Side-Bendix 34 kV line. 3/5/2020 AEP 4/17/2018
Remove 34.5 KV breaker at Kankakee. 5/10/2020 AEP 4/17/2018
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6.2.7 — Merchant Transmission Project Requests
As of December 31, 2018, PJM’s queue contained
three merchant transmission interconnection
request projects which included a terminal in
Indiana as shown in Table 6.17 and Map 6.11.

Section 6: State Summaries

Table 6.17: Indiana Merchant Transmission Project Requests (December 31, 2018)

Maximum Output

Projected In-

Project Name

(MW) Status Service Date TO Zone
X3-028 Breed 345 kV 3,500 Active 12/31/2016 AEP
AD2-054 Dumont-Stillwell 345 kV 50 Active 6/1/2020 AEP
AD2-080 Dumont-Stillwell 345 kV 309 Active 6/1/2020 AEP
Map 6.11: Indiana Merchant Transmission Project Requests (December 31, 2018)
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6.3: Kentucky RTEP Summary

6.3.1 — RTEP Context

PJM - a FERC-approved RTO — operates

and plans the bulk electric system (BES)

in Kentucky, including facilities owned and
operated by American Electric Power (AEP),
Duke Energy Ohio and Kentucky (DEO&K), and
Eastern Kentucky Power Cooperative (EKPC) as
shown on Map 6.12. Duke Energy Ohio (DEO)
owns the Duke transmission delivery facilities
in Kentucky rated over 69 kV. Kentucky's
transmission system delivers power to customers
from native generation resources in the region
and throughout the RTO arising out of PJM
market operations as well as power imported
interregionally from systems outside of PJM.

KY MD Mi

Map 6.12: PJM Service Area in Kentucky
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Section 6: State Summaries

6.3.2 — Load Growth

PJM’s 2018 Load Forecast provided the basis for
the loads modeled in power flow studies used in
PJM’s 2018 analyses. Table 6.18 and Figure 6.16
summarize the expected loads within the state
of Kentucky and across all of PJM.

PJM 2018 Regional Transmission Expansion Plan

Table 6.18: Kentucky — 2018 Load Forecast Report

Summer Peak (MW) Winter Peak (MW)
Growth 2017/ 2027/ Growth
Transmission Owner 2018 2028 Rate 2018 2028 Rate
American Electric Power Company * 1,001 1,051 0.5% 1,199 1,260 0.5%
Duke Energy Ohio and Kentucky * 923 979 0.6% 746 184 0.5%
East Kentucky Power Cooperative 1,960 2,033 0.4% 2,587 2,693 0.4%
PJM RTO 152,108 157,635 0.4% 131,463 136,702 0.4%

* Notes: PJM notes that AEP and DEO&K serve load other than in Kentucky. The summer peak and winter peak megawatt values in this table each reflect an
estimated amount of forecasted load to be served by each of those transmission owners solely in Kentucky. Estimated amounts were calculated based on
the average share of each transmission owner’s real-time summer and winter peak load located in Kentucky over the past five years.

Figure 6.16: PJM RTO Summer Peak Demand Forecast

Load (MW)
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150,000
=== PJM RTO 2014 Load Forecast
140,000 | === PJMRTO 2015 Load Forecast
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Section 6: State Summaries

6.3.3 — Existing Generation Figure 6.17: Kentucky — Existing Installed Capacity (MW) by Fuel Type (December 31, 2018)
Existing generation in Kentucky

as of December 31, 2018, is shown
by fuel type in Figure 6.17.

Hydro, 136 MW Coal, 2,567 MW

Natural Gas, 1,939 MW o
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6.3.4 — Interconnection Requests

As of December 31, 2018, 20 queued
projects were actively under study, under
construction or in suspension in the state of
Kentucky. A summary of those interconnection
requests is shown in Table 6.19, Table 6.20,
Figure 6.18, Figure 6.19 and Figure 6.20.

PJM 2018 Regional Transmission Expansion Plan

Table 6.19: Kentucky — Capacity by Fuel Type — Interconnection Requests

Fuel Source Capacity, MW Nameplate Capacity, MW
Natural Gas 1,782.9 1,838.0
Solar 794.8 1,331.0
Total 2,571.1 3,169.0
Figure 6.18: Kentucky — Queued Capacity (MW) by Fuel Type (December 31, 2018)
Solar, 795 MW
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[Nameplate Capacity, 1,331 MW]

Natural Gas, 1,783 MW

*Note: Nameplate Capacity represents
a generator’s rated full power output capability.
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Table 6.20: Kentucky — Interconnection Requests by Fuel Type (Nameplate Energy) (December 31, 2018)

Complete In Queue Grand

In Service Withdrawn Active Suspended Under Construction Total
No. of Capacity, No. of Capacity, No. of Capacity, No. of Capacity, No. of Capacity, No. of Capacity,

Projects Mw Projects Mw Projects Mw Projects Mw Projects Mw Projects Mw

Non-Renewable 3 46.0 10 4,600.8 2 85.9 1 585.0 2 1,112.0 18 6,429.7
Coal 0 0.0 6 2,969.0 0 0.0 0 0.0 0 0.0 6 2,969.0
Natural Gas 3 46.0 4 1,631.8 2 85.9 1 585.0 2 1,112.0 12 3,460.7
Renewable 0 0.0 14 411.0 15 794.8 0 0.0 0 0.0 29 1,205.7
Biomass 0 0.0 5 198.5 0 0.0 0 0.0 0 0.0 5 198.5
Hydro 0 0.0 1 70 0 0.0 0 0.0 0 0.0 1 70.0
Solar 0 0.0 6 1151 15 794.8 0 0.0 0 0.0 21 909.9
Wind 0 0.0 2 27.33 0 0.0 0 0.0 0 0.0 2 27.3
Grand Total 3 46.0 24 5,011.7 11 880.7 1 585.0 2 1,112.0 47 1,635.4
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Figure 6.19: Percentage of Projects in Queue by Fuel Type (December 31, 2018)
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Figure 6.20: Kentucky Progression History of Queue — Interconnection Requests (December 31, 2018)
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Section 6: State Summaries

6.3.5 — Network Projects Map 6.13: Kentucky Network Projects (Greater than $10 M) (December 31, 2018)
RTEP network upgrades greater than or
equal to $10 million in Kentucky are
summarized in Table 6.21 and Map 6.13.

™

Legend
Identified Reinforcements
Transmission System

Enhancement
Substations >= 345 kV
Transmission Lines >= 345

Tahle 6.21: Kentucky Network Upgrades (Greater than $10 M) (December 31, 2018)

Required  Project 2018
Project In-Service Cost TO TEAC

Map
ID Project Description Driver Queue Date ($M) Zone Review

1 n5469 | Reconductor Trimble-Clifty 345 kV line and upgrade any necessary terminals. Tr;w:srﬂ]:;ton X3-028 6/1/2021 $17.40 LG&E | 9/13/2018
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6.3.6 — Supplemental Projects Map 6.14: Kentucky Supplemental Projects (December 31, 2018)

RTEP supplemental upgrades greater than

or equal to $10 million in Kentucky are e
Identified Reinforcement

summarized in Table 6.22 and Map 6.14. 1 .S Transmission System
Enhancement
Substations >= 345 kV

Transmission Lines >= 345 kV

Table 6.22: Kentucky Supplemental Projects (Greater than $10 M) (December 31, 2018)

Map Projected Project TO 2018 TEAC
ID  Project Description In-Service Date  Cost (M)  Zone Review
At Baker Station, replace three existing 765 kV 50 KA circuit breakers with new 765 kV 63 kA breakers. Install an additional new
1 s1583 | 345KV 63 kA breaker. Replace the 600 MVA transformer with a new 345/138 kV 675 MVA unit that will be relocated to a new 11/20/2018 $26.90 AEP 3/8/2018

position between the existing and newly installed breakers.
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6.4: Maryland and the District of Columbia  Map 6.15: PIM Service Area in Maryland and the District of Columbia
RTEP Summary

6.4.1 — RTEP Context

PJM — a FERC-approved RTO — operates and
plans the bulk electric system (BES) in Maryland
and the District of Columbia, including facilities
owned and operated by Allegheny Power (AP),
Baltimore Gas & Electric Company (BGE), Delmarva
Power & Light (DP&L), Potomac Electric Power
Company (PEPCO) and Southern Maryland
Electric Cooperative (SMECO) as shown on

Map 6.15. Maryland and the District of Columbia’s
transmission system delivers power to customers
from native generation resources in the region

and throughout the RTO arising out of PJM

market operations as well as power imported
interregionally from systems outside PJM.

Substation
500 kV
Transmission Lines
500 kV
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6.4.2 — Load Growth Figure 6.21: PJM RTO Summer Peak Demand Forecast
PJM’s 2018 Load Forecast provided the basis for

the loads modeled in power flow studies used in Load (MW)

PJM’s 2018 analyses. Table 6.23 and Figure 6.21 180,000

summarize the expected loads within the state
of Maryland and the District of Columbia

and across all of PJM. 170,000

160,000

150,000
PJM RTO 2014 Load Forecast

e PJM RTO 2015 Load Forecast

PJM RTO 2016 Load Forecast
130,000 | e== PJM RTO 2017 Load Forecast
@ PJM RTO 2018 Load Forecast

TAO, 000 | o

120,000

2014 2016 2018 2020 2022 2024 2026 2028 2030 2032

Table 6.23: Maryland and the District of Columbia — 2018 Load Forecast Report

Summer Peak (MW) Winter Peak (MW) Summer Peak (MW) Winter Peak (MW)
Growth 2017/ 2027/ Growth Growth 2017/ 2027/ Growth

Transmission Owner 2018 2028 Rate 2018 2028 Rate Transmission Owner 2018 2028 Rate 2018 2028 Rate
Potomac Electric 2,039 2,031 0.0% 1,641 1,687 0.3% Allegheny Power * 1,335 1,430 0.7% 1,376 1,493 0.8%
Power Company* ) )

Baltimore Gas & Electric 6,848 6,744 -0.2% 5,883 5,956 0.1%

PIM RTO | 152,108 | 157,635 | 04% | 131,463 | 136,702 | 04%  Company
* Note: PJM notes that PEPCO serves load other than in the District of Columbia. The summer peak and winter Delmarva Power & Light* 1,177 1,202 0.2% 1,181 1,228 0.4%

peak megawatt values in this table each reflect the estimated amount of forecasted load to be served by Potomac Electric 4,454 4,435 0.0% 3,742 3,847 0.3%

PEPCO solely in the District of Columbia. Estimated amounts were calculated based on the average share Power Company*

of each transmission owner’s real-time summer and winter peak load located in the District of Columbia PIM RTO 152,108 | 157,635 0.4% | 131,463 | 136,702 0.4%

over the past five years. * Note: PJM notes that APS, DP&L and PEPCO serve load other than in Maryland. The summer peak and winter peak

MW values in this table each reflect the estimated amount of forecasted load to be served by each of those
transmission owners solely in Maryland. Estimated amounts were calculated based on the average share of each
transmission owner’s real-time summer and winter peak load located in Maryland over the past five years.
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6.4.3 — Existing Generation
Existing generation in Maryland
and the District of Columbia as of
December 31, 2018, is shown by
fuel type in Figure 6.22.

Figure 6.22: Maryland and the District of Columbia — Existing Installed Capacity (MW) by Fuel Type (December 31, 2018)

Wind, 29 MW
¥.

Hydro, 592 MW -
Solar, 59 MW ———
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Nuclear, 1,708 MW ————

Waste, 109 MW

PIM© 2019

Section 6: State Summaries

Coal, 4,309 MW

PJM 2018 Regional Transmission Expansion Plan

Natural Gas, 5,712 MW
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6.4.4 — Interconnection Requests

As of December 31, 2018, 101 queued projects
were actively under study, under construction

or in suspension in the state of Maryland and
the District of Columbia. A summary of those
interconnection requests is shown in Table 6.24,

Table 6.25, Figure 6.23, Figure 6.24 and Figure 6.25.

PJM 2018 Regional Transmission Expansion Plan

Table 6.24: Maryland and the District of Columbia — Capacity by Fuel Type — Interconnection Requests

Fuel Source Capacity, MW Nameplate Capacity, MW
Biomass 4.0 4.0
Hydro 15.0 15.0
Methane 2.0 2.0
Natural Gas 1,277.1 1,442.0
Nuclear 37.4 45.5
0il 14.0 14.0
Solar 687.9 1,440.1
Storage 16.0 20.1
Wind 16.9 129.1
Total 2,070.3 3,111.8

Figure 6.23: Maryland and the District of Columbia — Queued Capacity (MW) by Fuel Type (December 31, 2018)
Qil, 14 MW Solar, 688 MW
Nuclear, 37 MW ;\ [Nameplate Capacity, 1,440 MW]
Wind, 177 MW

Storage, 16 MW ——/

[ Nameplate Capacity, 129 MW]

,—Biomass, 4 MW
5 Hydro, 15 MW

[Nameplate Capacity, 15 MW]

Methane, 2 MW

Natural Gas, 1,277 MW —— * Note: Nameplate Capacity

represents a generator’s rated
full power output capability.
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Table 6.25: Maryland and the District of Columbia — Interconnection Requests by Fuel Type (Nameplate Energy) (December 31, 2018)

Section 6: State Summaries

In Service

Projects

Complete

Capacity,
MW

Withdrawn

No. of
Projects

Capacity,
MW

Active

Projects

Capacity,
MW

In Queue
Suspended

Projects

Capacity,
MW

Projects

Under Construction

Capacity,
MW

Grand
Total

No. of
Projects

Capacity,
MW

Non-Renewable 35 3,764.7 80 36,478.5 9 348.0 3 952.0 23 445 150 41,581.1
Coal 1 10.0 0 0,0 0 0.0 0 0.0 0 0.0 1 10.0
Diesel 1 0.0 1 5.0 0 0.0 0 0.0 0 0.0 2 5.0
Natural Gas 30 3,749.7 59 31,299.5 4 280.6 3 952.0 3 44.5 99 36,326.3
Nuclear 1 0.0 4 4,955.0 3 37.4 0 0.0 0 0.0 8 4,992.4
0il 2 5.0 1 2.0 1 14.0 0 0.0 0 0.0 4 21.0
Other 0 0.0 5 157.0 0 0.0 0 0.0 0 0.0 5 157.0
Storage 0 0.0 10 60.0 1 16.0 0 0.0 20 0.0 31 76.0

Renewable 25 144.5 167 1,278.3 31 520.9 18 131.9 1" 73.0 258 2,148.6
Biomass 0 0.0 10 198.6 1 4.0 0.0 0 0.0 11 202.6
Hydro 3 60 3 734 1 15.0 0 0.0 0 0.0 7 148.4
Methane 9 21.5 5 16.3 0 0.0 0 0.0 1 2.0 15 39.8
Solar 9 30.5 140 733.5 35 501.9 17 122.8 9 63.2 210 1,451.9
Wind 4 32.5 9 256.5 0 0.0 1 9.1 1 7.8 15 305.9

Grand Total 60 3,909.2 247 31,756.8 46 868.9 7 1,083.9 34 111.5 408 43,736.3

PIM© 2019 PJM 2018 Regional Transmission Expansion Plan
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Figure 6.24: Percentage of Projects in Queue by Fuel Type (December 31, 2018)

100% B | " Wood
4 = Wind
80% - Storage
| B Solar
60% - B Other
Oil
T Nuclear
40% - B Natural Gas
4 B Methane
20% - B Hydro
B Diesel
1 E Coal
0% - RTO B Biomass

MIN GTO'6T
MIN 080‘t1
MIN 9TT'S
MIN 666°E

(] (] o (0] ]
Applications Feasibility Impact Facilities :
Received Studies Studies Studies ervice
by PJM Issued Issued Issued

Construction

of Facilities
O Projects withdrawn after final agreement Executed
* 19 Interconnection Service Agreements — 4,642 MW < Nameplate Capacity, 4,911 MW | ISA/WMPA

* 14 Wholesale Market Participation Agreements — 55 MW< Nameplate Capacity, 94 MW |

® Percentage of planned capacity and projects reached commercial operation
¢ 9.3 % requested capacity megawatt
® 17.4 % requested projects
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6.4.5 — Generation Deactivation

Known generating unit deactivation requests in
Maryland and the District of Columbia between
January 1, 2018 and December 31, 2018,
are summarized in Tahle 6.26 and Map 6.16.

Map 6.16: Maryland and the District of Columbia Generation Deactivations (December 31, 2018)
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Table 6.26: Maryland and the District of Columbia Generation Deactivations (December 31, 2018)

C OWre/

S wena

- York

- Salem
Eastern LF {

o @MW ) Hope Creek

Waugh:Chapel 5" =
) X

(Gould|Street

Salisbury

Capacity
((A)
Westport 5 116
Gould Street 98
Riverside 7 20
Riverside 8 20
Notch Cliff 1 16
Notch Cliff 2 16
Notch Cliff 3 16
Notch Cliff 4 16
Notch Cliff 5 16
Notch Cliff 6 16
Notch Cliff 7 16
Notch Cliff 8 16
Eastern Landfill 4
Reichs Ford Road Landfill 2
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BGE
BGE
BGE
BGE
BGE
BGE
BGE
BGE
BGE
BGE
BGE
BGE
BGE
APS

(Years)

49
66
18
18
49
19
49
49
19
49
19
19
12

Projected/Actual
Deactivation Date

6/1/2020
6/1/2020
3/14/2019
6/1/2020
6/1/2020
6/1/2020
6/1/2020
6/1/2020
6/1/2020
6/1/2020
6/1