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DEPARTMENT OF ENERGY

Federal Energy Regulatory
Commission

Interregional Transfer Capability
Study: Strengthening Reliability
Through the Energy Transformation

Notice of Request for Comments

On November 19, 2024, the North
American Electric Reliability
Corporation (NERC) submitted to the
Federal Energy Regulatory Commission
(Commission) an Interregional Transfer
Capability Study (ITC Study) pursuant
to section 322 of the Fiscal
Responsibility Act of 2023 (Fiscal
Responsibility Act).? On November 25,
2024, the Commission issued a Notice of
Request for comments stating that all
interested persons are invited to file
comments on this ITC Study. This
supplemental notice is issued to include
the ITC Study and associated NERC
transmittal letter.2 Comments should be
filed no later than 60 days after the date
of publication of this supplemental
notice in the Federal Register. We
request the public to submit comments
in the format indicated below.

In June 2023, Congress passed the
Fiscal Responsibility Act, which
requires the Commission-approved
Electric Reliability Organization (i.e.,
NERC),3 in consultation with each
regional entity and each transmitting
utility 4 that has facilities
interconnected with a transmitting
utility in a neighboring transmission
planning region, to conduct a study of
total transfer capability 5 between
transmission planning regions. The
Fiscal Responsibility Act requires the
ITC Study to include:

(1) Current total transfer capability
between each pair of neighboring
transmission planning regions.

1Fiscal Responsibility Act of 2023, Public Law
118-5, 137 Stat 10, sec. 322 (2023).

2The full text of this document is available on
eLibrary in PDF and Microsoft Word formats (with
color graphics) for viewing, printing, and/or
downloading.

3Federal Power Act (FPA) section 215 provides
that the Commission may certify an Electric
Reliability Organization, the purpose of which is to
develop mandatory and enforceable Reliability
Standards, subject to Commission review and
approval. 16 U.S.C. 8240(c). The Commission
subsequently certified NERC as the Electric
Reliability Organization. N. Am. Elec. Reliability
Corp., 116 FERC {61,062, order on reh’g and
compliance, 117 FERG {61,126 (2006), aff’'d sub
nom. Alcoa, Inc. v. FERC, 564 F.3d 1342 (D.C. Cir.
2009).

4 Transmitting utility is defined in 16 U.S.C. 796
as “an entity (including an entity described in
section 824(f) of [title 16]) that owns, operates, or
controls facilities used for the transmission of
electric energy—(A) in interstate commerce; (B) for
the sale of electric energy at wholesale.”

518 CFR 37.6(b)(1)(vi) (2024).

(2) A recommendation of prudent
additions to total transfer capability
between each pair of neighboring
transmission planning regions that
would demonstrably strengthen
reliability within and among such
neighboring transmission planning
regions.

(3) Recommendations to meet and
maintain total transfer capability
together with such recommended
prudent additions to total transfer
capability between each pair of
neighboring transmission planning
regions.

The Fiscal Responsibility Act requires
NERC to submit the ITC Study to the
Commission no later than 18 months
after the date of enactment of the Act
(i.e., by December 2, 2024). After the ITC
Study is submitted to the Commission,
the Commission must publish the study
for public comment and, no later than
12 months after the end of the public
comment period, submit a report on its
conclusions to Congress and include
recommendations, if any, for statutory
changes.®

Comments may be filed electronically
via the internet.” Instructions are
available on the Commission’s website
http://www.ferc.gov/docs-filing/
efiling.asp. For assistance, please
contact FERC Online Support at
FERCOnlineSupport@ferc.gov or toll
free at 1-866—208—-3676, or for TTY,
(202) 502—-8659. Although the
Commission strongly encourages
electronic filing, documents may also be
paper-filed. To paper-file, submissions
sent via the U.S. Postal Service must be
addressed to: Federal Energy Regulatory
Commission, Office of the Secretary,
888 First Street NE, Washington, DC
20426. Submissions sent via any other
carrier must be addressed to: Federal
Energy Regulatory Commission, Office
of the Secretary, 12225 Wilkins Avenue,
Rockville, Maryland 20852.

For more information about this
Notice, please contact Jessica L. Cockrell
at jessica.cockrell@ferc.gov or 202—502—
8190. For legal information, please
contact Gonzalo E. Rodriguez at
gonzalo.rodriguez@ferc.gov or 202—502—
8568.

Dated: December 17, 2024.
Debbie-Anne A. Reese,
Secretary.

Requested Format for ITC Study
Comments

We request that commenters use the
following format, based on the
correlated headings in the ITC Study

6 Fiscal Responsibility Act of 2023, Public Law
118-5, 137 Stat 10, sec. 322 (2023).
7 See 18 CFR 385.2001(a)(1)(iii) (2024).

submittal, to indicate which aspects of
the submittal are being addressed in a
comment. Commenters need not address
all headings outlined below.

Appendix A: Interregional Transfer
Capability Study 2024

A. Chapter 1: The Reliability Value of
Transfer Capability
B. Chapter 2: Overview of ITC Study Scope
and Terminology
1. ITC Study Scope
2. Stakeholder Participation
3. General Comments on the ITC Study
Scope and Terminology

C. Transfer Capability Analysis (Part 1)

1. Chapter 3: Transfer Capability (Part 1)
Study Process

2. Chapter 4: Transfer Capability (Part 1)
Study Results

3. Other Comments on the Transfer
Capability Analysis (Part 1)

D. Recommendations for Prudent Additions
To Transfer Capability (Part 2) and
Recommendations To Meet and Maintain
Transfer Capability (Part 3)

. Chapter 5: Prudent Additions (Part 2)
Inputs

. Chapter 6: Prudent Additions (Part 2)
Process, Including Energy Margin
Analysis Results

. Chapter 7: Prudent Additions (Part 2)
Recommendations

4. Chapter 8: Prudent Additions (Part 2)
Sensitivity Analysis

. Chapter 9: Prudent Additions (Part 2)
Transmission Planning Region-Specific
Results

. Chapter 10: Meeting and Maintaining
Transfer Capability (Part 3)

7. Other Comments on Prudent Additions
(Part 2)

8. Other Comments on Meeting and
Maintaining Transfer Capability (Part 3)

E. Future Work

F. ITC Study Appendices (A-])

G. Additional Comments Outside the

Specific Report Sections
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North American Electric Reliability
Corporation, Docket No.

North American Electric Reliability
Corporation

Interregional Transfer Capability Study
as Directed in the Fiscal Responsibility
Act of 2023

Candice Castaneda, Senior Counsel, North
American Electric Reliability Corporation,
(202) 400-3000, candice.castaneda@nerc.net.
Counsel for the North American Electric
Reliability Corporation.

November 19, 2024.
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North American Electric Reliability
Corporation, Docket No.

North American Electric Reliability
Corporation

Interregional Transfer Capability Study
as Directed in the Fiscal Responsibility
Act of 2023

The North American Electric Reliability
Corporation (“NERC”) respectfully submits
the Interregional Transfer Capability Study
(“ITCS” or “Study”’) directed by the United
States (‘U.S.””) Congress in the Fiscal
Responsibility Act of 2023 (“Fiscal
Responsibility Act”) for Federal Energy
Regulatory Commission consideration.8 The
ITCS was prepared by NERC as the Electric
Reliability Organization (“ERO”) 9 in

8 Fiscal Responsibility Act, H.R. 3746 (2023)
[hereinafter Fiscal Responsibility Act]. See Section
322 of the Fiscal Responsibility Act (providing,
“The Electric Reliability Organization . . .in
consultation with each regional entity . . . and
each transmitting utility (as that term is defined in
section 3(23) of such Act) that has facilities
interconnected with a transmitting utility in a
neighboring transmission planning region, shall
conduct a study of total transfer capability as
defined in section 37.6(b)(1)(vi) of title 18, Code of
Federal Regulations, between transmission
planning regions that contains the following:

(1) Current total transfer capability, between each
pair of neighboring transmission planning regions.

(2) A recommendation of prudent additions to
total transfer capability between each pair of
neighboring transmission planning regions that
would demonstrably strengthen reliability within
and among such neighboring transmission planning
regions.

(3) Recommendations to meet and maintain total
transfer capability together with such recommended
prudent additions to total transfer capability
between each pair of neighboring transmission
planning regions.”).

9 Rules Concerning Certification of the Electric
Reliability Organization; and Procedures for the
Establishment, Approval, and Enforcement of
Electric Reliability Standards, Order No. 672, 114
FERC {61,104, order on reh’g, Order No. 672-A,
114 FERC {61,328 (2006) [hereinafter Order No.
672]. NERC was certified by the Commission as the
ERO, pursuant to § 215(c) of the Federal Power Act
(“FPA”), by Commission order issued July 20, 2006.
Order Certifying the North American Electric
Reliability Corporation as the Electric Reliability

consultation with NERC’s six Regional
Entities (together with NERC, the “ERO
Enterprise”) 10 and transmitting utilities.

Over the past 15 months, NERC has
developed the attached ITCS (Appendix A)
in consultation with stakeholders to provide:

(i) Current total transfer capability (“TTGC”
or “transfer capability’’) between each pair of
neighboring transmission planning regions in
the U.S.;11

(ii) Recommendations for technically
prudent additions to TTC between pairs of
neighboring transmission planning regions
where these additions would demonstrably
strengthen reliability; 12

(iii) Recommendations on how to meet and
maintain TTC now and as enhanced in
response to the ITCS findings.

As stated herein and detailed in the
attached materials, the ITCS is the first-of-its-
kind assessment of transmission transfer
capability under a common set of
assumptions.’® Transmission assessments,
like the ITCS, are crucial to mitigating future
risks to Bulk Power System (“BPS”’)
reliability, although other approaches beyond
transmission (such as local generation or
demand-side solutions) can also mitigate
future energy risks. The ITCS focuses on
transfer capability in accordance with the
congressional directive, while acknowledging
that other processes and pending projects
may help support a reliable future grid. The
ITCS is not designed to be a transmission
plan or blueprint.

The ITCS demonstrates that sufficient
transfer capability and resources exist at
present to maintain energy adequacy under
most scenarios. As discussed below and in
the attached ITCS, however, when
calculating current transfer capability and
projected future conditions,# the ITCS

Organization and Ordering Compliance Filing, 116
FERC {61,062 (2006) [hereinafter NERC ERO
Certification Order].

10 The Regional Entities are (i) Midwest
Reliability Organization (“MRO”); (ii) Northeast
Power Coordinating Council, Inc. (“NPCC”); (iii)
ReliabilityFirst Corporation (“ReliabilityFirst”); (iv)
SERC Reliability Corporation (‘“SERC”); (v) Texas
Reliability Entity, Inc. (“Texas RE”); and (vi)
Western Electricity Coordinating Council
(“WECC”). Please note, unless otherwise defined
herein, all capitalized terms should be assigned the
meanings reflected in the NERC Glossary posted on
NERC’s website.

11In addition, results that include transfer
capabilities between the U.S. to Canada and
between Canadian provinces is planned for the first
quarter of 2025. While evaluating Canada is outside
the specific congressional mandate, the
interconnectedness of the North American BPS
warrants analysis of Canada.

12 Prudence means whether the recommendations
are the type that a reasonable entity would make
in good faith under the same circumstances, and at
the relevant point in time. See infra Section ILb.
The ITCS is not an evaluation of economics, siting,
or environmental impacts.

13 Transfer capability or “TTGC” is the amount of
electric power that can be moved or transferred
reliably from one area to another area of the
interconnected transmission system by way of all
transmission lines (or paths) between those areas
under specified system conditions. 18 CFR
37.6(b)(1)(vi).

14Via an energy margin analysis that uses a ten-
year forward-looking case that accounts for extreme

identifies potential energy inadequacy across
several transmission planning regions in the
event of extreme weather. This finding
confirms congressional and electric industry
concerns that North American transmission
infrastructure may become insufficient to
maintain energy adequacy when considering
the changing resource mix, extreme weather
events, and increasing demand. Therefore,
using the assumptions underlying the
analysis, the ITCS recommends an increase
of 35 GW of transfer capability across
different regions as technically prudent
additions to demonstrably strengthen
reliability. The ITCS bases its analysis of
prudence and the extent to which
recommendations would demonstrably
strengthen reliability according to the
anticipated impact of the recommendations
on BPS reliability in terms of energy
adequacy. Further, the ITCS recommends
region-specific enhancements to transfer
capability, because a one-size-fits all
approach across the U.S. may be inefficient
and ineffective.

The ITCS is an essential element of the
continuing transmission discussion in North
America. The ITCS demonstrates a
significant opportunity to improve the use of
surplus resources when they are available
during extreme weather events and shows
how interregional transmission can maximize
the use of local resources, including storage
and demand response. Further, it highlights
the continuing importance of integrated
transmission and resource planning, as
increasing transfer capability without surplus
available energy would be inefficient. NERC
looks forward to the Commission’s
proceeding to examine the ITCS,
opportunities identified therein, and
stakeholder comments in anticipation of the
Commission’s report to U.S. Congress.

1. Executive Summary

The Bulk Power System is a complex grid
that has evolved over the past several
decades to include an integrated network of
generation, transmission, and distribution
across vast geographic areas. NERC is focused
on assuring the reliability of the BPS
throughout the ongoing North American
energy transformation. As the grid
modernizes, governmental authorities and
the electric industry are rising to the
challenge to ensure that continued reliability
accompanies that growth.

On June 3, 2023, the President signed into
law the Fiscal Responsibility Act in which
Congress (as part of measures associated with
the debt ceiling) required NERC to conduct
an assessment by December 2, 2024 of the
total transfer capability between transmission
planning regions.?s The resulting ITCS
analyzes the amount of energy that can be
moved or transferred reliably from one area
to another area of the interconnected
transmission systems. This transfer capability
is a measure of the system’s ability to address
energy deficiencies by relying on resources in
neighboring regions and is a key component
of a reliable and resilient BPS. Recent and

weather, resources, and demand growth as
described below and detailed in Appendix A.
15 Supra note 1.
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continuing resource mix changes require
greater access and deliverability of resources
between neighboring systems to maintain
reliability, particularly during widespread,
extreme weather conditions.

Ensuring a transmission system with
sufficient transfer capability between
transmission planning regions is important to
support energy adequacy. In the interest of
public health, safety, and security, the
electric industry must continue advancing
improved planning to support reliable energy
supplies under an evolving grid with more
frequent extreme weather conditions. As a
result of the changing resource mix and
extreme weather, interregional energy
transfers play an increasingly pivotal role.16
NERC assessments and experiences during
recent events, such as the Western
Interconnection Heatwaves of 2020 and 2022,
Winter Storm Uri in 2021, and Winter Storm
Elliott in 2022, demonstrate that action is
warranted to support energy adequacy going
forward. More transfer capability and a
carefully planned resource mix are desirable
to address these identified challenges (such
as extreme weather, existing resource
retirements,1” and natural gas reliance), as
well as the ongoing electrification of the
economy with its growing transportation
sector, industrial loads, and data centers. The
ITCS is an integral part of that discourse by
providing an independent, reliability-focused
assessment of the extent of transfer capability
across the transmission system and
opportunities to harness that potential as we
collectively prepare for the future.

In the first part of the ITCS, NERC
calculates current transfer capability in a
manner that combines base transfer levels
together with first contingency incremental
transfer capability for each of the winter and
summer seasons, (see infra Section Il.a.).
Based on these calculations, NERC
determines that transfer capability varies
widely across North America with import
capability anywhere between 1% to 92% of
the associated peak loads. The ITCS shows
that transfer capability varies seasonally,
regionally, and under different system
conditions. The ITCS also generally finds
lower transfer capability in the Mountain
States, Great Plains, Southwest, and
Northeast, with greater capability in the West
Coast, Great Lakes, and Mid-Atlantic areas.
The magnitude of transfer capability is not
itself a measure of energy adequacy,
however, these findings informed the second
part of the ITCS.

The second part of the ITCS contains an
energy margin analysis that enabled NERC to
identify whether a particular transmission
planning region would be at risk for energy
inadequacy considering the calculated TTCs
and extreme weather events. The ITCS
characterizes this risk for energy inadequacy
as a “deficiency.” In each scenario where the

16 An explanation of the grid can be found on the
U.S. Energy Information Administration website.
U.S. Energy Information Administration, Electricity
Explained (Mar. 26, 2024), https://www.eia.gov/
energyexplained/electricity/ (including detailed
subtopics under ““Also in Electricity Explained”).

17 See Appendix A, ITCS at p. 1 and Chapter 11
(summarizing ITCS limitations and potential further
considerations).

ITCS identifies a deficiency in a transmission
planning region, NERC further applied a six-
step process to examine the extent to which
additional transfer capability could mitigate
that deficiency and thereby demonstrably
strengthen reliability.18 The Part 1 TTC
calculation (which includes simultaneous
import capability analysis) together with the
Part 2 prudent additions analysis (which
includes energy margin analysis of past
weather events applied to the projected
resource mix and demand) ensure the
reasonableness and therefore prudence of
ITCS recommended additions to transfer
capability. The last part of the ITCS provides
recommendations to meet and maintain
transfer capability. The resulting
recommendations identify directional (rather
than prescriptive) guidance for policymakers
and industry. The ITCS provides a roadmap
for understanding where it may be beneficial
to enhance transmission to support a reliable
future grid, without mandating specific
projects or a minimum level of transfer
capability.

The ITCS is a unique assessment centered
on reliability. Transmission planners,
regional transmission organizations/
independent system operators (“RTOs/
ISOs”), and policymakers might consider
other factors such as economics,
environmental effects, and broader policy
objectives when deciding which solutions to
implement to address reliability issues.
Different markets, RTOs/ISOs, or regions of
the U.S. may have different approaches to
evaluate transfer capability and prudent
additions thereto. The ITCS, for example, in
some instances subdivided RTO/ISO and
Commission Order No. 1000 areas to avoid
masking issues between neighboring
transmitting utilities within the scope of the
Congressional directive. The ERO Enterprise
approach was specifically designed to
evaluate TTC and potential prudent
additions to transfer capability that would
demonstrably strengthen reliability without
regard to specific market structures,
economic considerations, or policy matters in
the expectation that the Commission, U.S.
Congress, States, and industry will use
NERC’s ITCS as part of this broader
evaluation.

Based on the analysis in Part 2 of the ITCS,
NERC identifies that in the present year,
there are relatively few deficiencies across
transmission planning regions. As a result,
the ITCS suggests that existing infrastructure
is generally sufficient at this time to maintain
energy adequacy under most scenarios
(barring severe conditions such as limitations
on gas generation performance during cold
weather and natural gas production and
transportation challenges for electric
generators). This conclusion also establishes
2024 as a useful reference point for future
comparisons.

Nevertheless, when examining the ten-year
forward-looking case that accounts for the
future resource mix and forecasted load,
energy inadequacy was identified across
almost half of the studied transmission

18 The energy margin analysis (which identified
the deficiencies) constitutes steps 1 and 2 of the 6-
step process.

planning regions.® This confirms
congressional and electric industry concern
that, given the changing resource mix,
extreme weather, and anticipated demand,
transmission infrastructure may place a
strain on energy adequacy in the future. As
a result, based on calculated deficiencies and
the broader six-step approach to identify
prudent additions to demonstrably
strengthen reliability, the ITCS recommends
35 GW of additional transfer capability across
different areas of the U.S. As discussed in
Section ILb. below, transmission planning
regions across North America would benefit
from increased transfer capability. Since the
needed import capability, as analyzed, varied
significantly across the U.S., a one-size fits
all requirement or approach to additional
transfer capability is expected to be
inefficient and ineffective. The increased
transfer capability recommended in the ITCS,
in addition to other measures outside of its
scope, such as resource adequacy and fuel
assurance, would demonstrably improve
energy adequacy under reasonably
anticipated extreme conditions.20

Part 3 of the ITCS also provides
recommendations how to meet and maintain
transfer capability. See infra Section Il.c.
These recommendations should be taken,
together with remainder of the ITCS, as
foundational insights for further discussions
and decisions on regulatory and legislative
solutions. Planners, for example, should
consider conditions impacting their systems
and those of neighboring transmitting
utilities while also considering resource
adequacy.2 The ITCS also does not evaluate
particular projects. Rather, under a holistic
approach, the Study recommends how much
additional transfer capability at each
interface would strengthen the grid.

1. Notices and Communications

Notices and communications with respect
to this filing may be addressed to:

Sonia Rocha, Senior Vice President, General
Counsel, and Corporate Secretary, North
American Electric Reliability Corporation,
1401 H Street NW, Suite 410, Washington,
DC 20005, 202—400-3000 office,
sonia.rocha@nerc.net

Candice Castaneda, Senior Counsel, North
American Electric Reliability Corporation,
1401 H St. NW, Suite 410, Washington, DC
20005, 202—400-3000, candice.castaneda@
nerc.net

1. Introduction to NERC and the ERO
Enterprise

Electricity is a key component of the fabric
of modern society. NERC’s mission is to
assure the effective and efficient reduction of
risks to the reliability and security of the
grid. The vision of the ERO Enterprise is a

19 Specifically, 11 out of 23 transmission
planning regions.

20 NERC highlights that transmission and TTC are
part of a more expansive equation underlying
energy adequacy in a modern grid, which includes
matters such as available generation. The ITCS
relies, for example, on future resource assumptions.
If these change it could impact the energy margin
analysis underlying the Part 2 analysis.

21Please see the ITCS for discussion of additional
factors that stakeholders may analyze.
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highly reliable and secure North American
BPS. The Regional Entities help NERC
support reliability across various
interconnections with differing needs and
characteristics.22

When Congress enacted the Energy Policy
Act of 2005 23 and section 215 of the Federal

Power Act, it entrusted the Commission with:

(i) approving and enforcing rules to ensure
the reliability of the BPS; and (ii) certifying
an ERO that would be charged with
developing and enforcing mandatory
Reliability Standards, subject to Commission
approval, and with assessing reliability and
adequacy of the BPS in North America.24
Section 215 and Commission regulation
reflect certification of an ERO subject to
Commission oversight.25 In 2006, the
Commission certified NERC as the ERO.26

Consistent with NERC'’s responsibility to
“conduct periodic assessments of the
reliability and adequacy of the bulk-power
system in North America’ 27 such as NERC’s
Long-Term Reliability Assessment (“LTRA”),
Summer Assessment, Winter Assessment,
and special assessments, the Fiscal

22 NERC’s relationship with the Regional Entities
is governed by Regional Delegation Agreements or
“RDAs” filed with the Commission every five years.
18 CFR 39.8. A delegation agreement shall not be
effective until it is approved by the Commission.
See also, N. Am. Elec. Reliability Corp., 133 FERC
161,061 (2010), order denying reh’g, 134 FERC
161,179 (2011), order on compliance filing, 137
FERC {61,028 (2011). N. Am. Elec. Reliability
Corp., 153 FERC 161,135 (2015) (approving pro
forma and individual RDAs, subject to compliance
filing) and N. Am. Elec. Reliability Corp., Docket
No. RR15-12-001 (Mar. 23, 2016) (delegated letter
order) (accepting final pro forma and individual
RDAs) (collectively “2015 RDA Order”); and Order
Conditionally Approving Revised Pro Forma
Delegation Agreement and Revised Delegation
Agreements with Regional Entities, 173 FERC
161,277 (2020).

23 Public Law 109-58, title XII, § 1211(b), Aug. 8,
2005, 119 Stat. 946.

2416 U.S.C. 8240(a)(2). See also § 8240(c)
(providing the ERO certification criteria). See also
Public Law 109-58, title XII, § 1211(b), Aug. 8,
2005, 119 Stat. 946 (clarifying, ““[t]he Electric
Reliability Organization. . . and any regional entity
delegated enforcement authority. . . are not
departments, agencies, or instrumentalities of the
United States Government.”).

25 Order No. 672 at PP 183-191.

26 See NERC ERO Certification Order.

2716 U.S.C. 8240(g).

Responsibility Act tasked NERC with
preparing the ITCS in consultation with the
Regional Entities and transmitting utilities.

II. Overview of the Interregional Tranfer
Capability Study

The Fiscal Responsibility Act requires the
ERO, in consultation with the Regional
Entities and transmitting utilities with
facilities neighboring another in a
neighboring transmission planning region
(referred to generally as ‘“neighboring
transmitting utilities”), to conduct a study of
total transfer capability (also known as
“TTC”) between transmission planning
regions that contains:

(1) Current total transfer capability
between each pair of neighboring
transmission planning regions.

(2) A recommendation of prudent
additions to total transfer capability between
each pair of neighboring transmission
planning regions that would demonstrably
strengthen reliability within and among such
neighboring transmission planning regions.

(3) Recommendations to meet and
maintain total transfer capability together
with such recommended prudent additions
to total transfer capability between each pair
of neighboring transmission planning
regions.28

Consistent with NERC’s collaborative
process and congressional directive, the ITCS
was prepared over a 15-month period with
significant stakeholder engagement, as
discussed in Section III below and reflected
in Appendices B through D. The ITCS
examined current TTC as Part 1 of the
analysis. Part 2 of the Study completed an
energy margin analysis that compared TTC
against 12 weather years (including extreme
weather) to identify transmission planning
region energy deficiencies that warrant
prudent additions to TTC to demonstrably
strengthen reliability.29 As Part 3 of the ITCS,
the ITCS recommended methods to meet and
maintain current TTC and enhanced TTC.
These recommendations interpreted the ITCS
as part of the broader discourse between the
Commission, U.S. Congress, States, other
policymakers, and the electric industry to

28 Supra note 1.

29 The 12 weather years to ensure the ITCS
examined extreme weather were selected from
2007-2023 and are non-contiguous.

leverage the ITCS findings along with more
specific regional, policy, market, economic,
and environmental considerations. Finally,
the ERO Enterprise plans to continue regular
assessments of transfer capability that will
consider the latest developments in resource
mixes, transmission infrastructure, new load
projections, and changing weather and
climate patterns.

a. Calculating Current Total Transfer
Capability

In accordance with the Fiscal
Responsibility Act, the fundamental question
of the ITCS is the ability of the BPS to
support transfers of energy between
transmission planning regions when needed
to ensure adequate energy to meet demand.
The first required component of the ITCS is
calculating current transfer capability, or
TTC, between pairs of neighboring
transmission planning regions.30

To calculate TTG, the ITCS study team,
comprised of ERO Enterprise staff and
consultants, first determined appropriate
transmission planning regions for purposes
of the Study after coordinating with the ITCS
Advisory Group. To establish transmission
planning regions for purposes of the Study,
NERC, working with the Regional Entities,
selected a set of interfaces that included all
pairs of neighboring transmission planning
regions to enable the ITCS performance of
transfer analysis from source (exporting)
region to sink (importing), and vice versa.
Only electrically connected neighboring
systems were evaluated to identify the
transmission planning regions for purposes
of Part 1 of the ITCS.31 The ITCS regions
were smaller than the Commission’s Order
No. 1000 regions and those that RTOs/ISOs
might use to provide a more granular analysis
of potential TTC limitations and to enable the
ITCS to identify key constraints to
interregional TTC.

As reflected in NERC’s August 2024 posted
materials, the transmission planning regions
were established as follows:

30 Supra note 1.

31 Some geographic neighbors that were not
electrically connected were evaluated as potential
new connections in Part 2 of the ITCS as NERC
evaluated potential recommendations to enhance
transfer capability.
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Washington

California-N

After the identification of transmission
planning regions, the ITCS calculated TTC
according to the following steps: 32

(i) Select base cases using relevant Eastern
Interconnection and Western Interconnection
base cases created through Reliability
Standard MOD-032-1 processes; 33

(ii) Calculate TTC using Area Interchange
method as the sum of base transfer levels
together with first contingency incremental
transfer capability; 34

(iii) Adjust for facility monitoring criteria
and thresholds to prevent undue limitation of
transfer capability results based on heavily
loaded, electrically distant elements to avoid
the appearance of artificially constrained
TTGC;

(iv) Ensure special interface considerations
(such as pertinent remedial action schemes)
are understood and properly reflected in
study results; and

(v) Analyze total import capabilities of
each transmission planning region (although
not required under the Fiscal Responsibility

32 See ITCS Appendix A (providing detailed
explanation on the Study and its design).

33 Base cases are computer models that simulate
the behavior of the electrical system under various
conditions as a snapshot in time. Base cases were
not required for ERCOT and Québec
Interconnections for purposes of the ITCS as they
were only tied with the Eastern Interconnection via
dc ties. Also, small ERCOT dc ties to Mexico were
omitted from evaluation and the ERCOT-Mexico
interface was outside the scope of the document.

34 Contingencies were based on NERC Reliability
Standard TPL-001-5.1 category P1 contingencies
(100 kV and above).

Act) as technically requisite to appropriately
model system capability for purposes of the
Part 2 analysis of any prudent enhancements
to TTC.

This analysis identified current TTC as
illustrated in the maps discussed in more
detail in the ITCS at Appendix A. These TTC
results are highly dependent on the base
cases and modeling assumptions described in
the ITCS. The ITCS did not attempt to
optimize dispatch or topology to maximize
TTC, just as it also was designed to avoid
underestimating TTC. The ITCS used the
steps highlighted above to avoid the
appearance of artificially constrained TTC.3°

The ITCS found that transfer capability
varies seasonally and under different system
conditions that limit transmission loading so
that it cannot be represented by a single
number. Transfer capability also varies
widely across North America, with total
import capability between 1% and 92% of
peak load. Transfer capabilities were
observed as generally higher in the West
Coast, Great Lakes, and mid-Atlantic areas,
while relatively lower in the Mountain
States, Great Plains, Southeast, and the
Northeast regions. In addition, the ITCS
found limited transfer capability between
Interconnections (Western Interconnection,
Eastern Interconnection, ERCOT
Interconnection (“ERCOT”’), and Québec). As
NERC discussed these Part 1 results with
industry during the Summer of 2024, it

35 As this is a study, observed TTC may differ
from the conclusions in the ITCS based on
operational conditions.

“~Maritimes
- ~ISONE

SERC-FL

explained that the findings suggested that
Part 2 analysis would probably identify
prudent additions to TTC to strengthen
reliability. NERC underscored that the
magnitude of transfer capability is not itself
a measure of energy adequacy. Rather, the
identified TTC provides the foundation for
subsequent energy margin analysis in Part 2
of the ITCS.

b. Identifying Prudent Additions to Transfer
Capability to Demonstrably Strengthen
Reliability

The Fiscal Responsibility Act requires
NERC to consider and recommend prudent
additions to TTC ““between each pair of
neighboring transmission planning regions
that would demonstrably strengthen
reliability within and among such
neighboring transmission planning
regions.” 36 For the purposes of determining
a “prudent addition,” NERC looked to the
standard used in Commission precedent in
electric utility ratemaking proceedings,
which provides that “prudence” means a
determination of whether (1) a reasonable
entity (2) would have made the same
decision, (3) in good faith, (4) under the same
circumstances, and (5) at the relevant point
in time.

Determining exactly how much additional
transfer capability is “prudent” can depend
on the totality of factors and circumstances.
For example, as part of examining the totality
of circumstances, the Commission has
considered matters such as whether activities

36 Supra note 1.
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have enhanced the ability to restore service,
achieved significant efficiencies, reduced
costs or time delays, and/or made efficient
use of resources to ensure reliability.37 As
discussed immediately below, NERC applied
a six-step process to ensure that the ITCS’s
tailored recommendations for prudent
additions to transfer capability for certain
pairs of neighboring transmission planning
regions are those that a reasonable entity
would have made in good faith under the
same circumstances and at the same point in
time considering reliability of the system as
the driving factor.

NERC underscores that nothing in the ITCS
should be used as justification for a
particular project and that no part of the ITCS

Under Part 2 of the ITCS, the ITCS
conducted energy margin analysis of resource
availability and interregional transfers across
12-years of meteorological conditions and
extreme weather data to examine whether the
transfer capability calculated for a pair of
neighboring transmission planning regions
would be unable to meet energy needs under
times of stress, being thus “deficient”” and
reflecting a risk of energy inadequacy for
those regions.

37 See, e.g., New England Power Co., 31 FERC
161,047 at 61,084 (1985); and Potomac-

is intended as evidence regarding prudence
in any ratemaking proceeding. The ITCS does
not include economic assessments, project-
specific recommendations, transmission
expansion analysis, operational mitigation or
capacity expansion planning. A holistic view
of the BPS and a thorough understanding of
its behavior will be essential when
calculating or increasing transfer capability.
The ITCS particularly examined the extent
to which recommended enhancements would
be reasonably expected to demonstrably
strengthen reliability of the BPS. To do so,
the ITCS examined whether the potential
recommendation would strengthen
reliability, serve load under extreme

- ﬁoas-nét‘c#eata_" .
_ other unintended
reliability problems

As a result, where the ITCS energy margin
analysis found a deficiency and
corresponding risk, NERC led a further layer
of study that applied several considerations
and criteria under a six-step process to
evaluate whether, and how much, additional
transfer capability would mitigate the
potential risk of energy inadequacy created
by the deficiency.

The six-step process entails the following
and is discussed in detail in Chapter 6 of the
ITCS at Appendix A:

Appalachian Transmission Highline, LLC, 140
FERC {61,229 at P 82 (Sept. 20, 2012).

conditions, and avoid creating unintended
reliability concerns as follows:

1. Strengthen Reliability: Provides a
potential solution that enables more
flexibility between transmission planning
regions and access to resources that may be
available during local energy deficits.

2. Serve Load Under Extreme Conditions:
Provides a solution that serves future
demand during extreme conditions, which is
a more restrictive design basis than current
resource adequacy constructs.

3. Does Not Create Unintended Reliability
Concerns: Recommendations for larger
connections between transmission planning
regions will require detailed system studies
to assure system stability.

i. Identify hours of resource deficiency
ii. Quantify the maximum resource
deficiency
iii. Prioritize constrained interfaces
iv. Allocate additional transfer capability
v. Iterate until resource deficiencies are
mitigated
vi. Finalize prudent level of transfer
capability
A diagram of the analysis will help explain
further:
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The ITCS recommended prudent additions
to transfer capability to the extent that results
reflected that enhanced transfer capability
would assuage the risk of energy inadequacy

(as reflected by the deficiencies shown after
energy margin analysis).
In total, across various regions of the U.S.,

the ITCS recommends 35 GW of additional
transfer capability to demonstrably

strengthen reliability. These
recommendations are detailed in the ITCS at
Appendix A and break down according to the
following table Table ES.1:38

BILLING CODE 6717-01-P

_ Québec (400)

New England | WY2012 Heat Wave ‘ |
L gant - andtwo otherevents | - Maritimes {300}
s ~ WY2009 and WY2011 | Sl | ErcoT(300)

o Ml‘kSO-S- e summer events 4o 629; 600 - “'SERC-SE{300)
TOTAL 35,000

BILLING CODE 6717-01-C

In making these recommendations, NERC
acknowledges that transfer capability is only
one part of the overall equation and that
other elements such as generation resource
availability, new load projections, additional
weather information, and demand response
should also be taken into account.39
Moreover, these recommendations do not
account for economic, environmental,
permitting or policy considerations that the
Commission, U.S. Congress, other
policymakers, and the electric industry may
apply following the ITCS.

¢. Recommendations To Meet and Maintain
Sufficient Transfer Capability

The final requirement of the Fiscal
Responsibility Act of 2023 is to develop
recommendations to meet and maintain
transfer capability together with
recommended prudent additions.2° The ITCS
provided recommendations to support

38]n two cases, it was not possible to eliminate
all energy deficiencies, even by increasing transfer
capability, due to wide-area resource shortages. In
ERCOT and California North, resource deficiencies

transfer capability in the future without
specifying a particular set of projects or
approach. This recognizes that increased
transfer capability is one of many options for
addressing the identified energy deficiencies.
Such options at a high level include:

¢ Increase transfer capability to neighbors
with surplus resources

¢ Construct local generation

e Increase demand response resources

¢ Accept the identified risks during extreme
events (assuming other reliability
thresholds are met)

Timing for these approaches may vary, so
further studies are needed for
implementation. Grid operators must also be
prepared to maintain BPS reliability through
emergency measures (including rotating
outages if necessary) meanwhile.

If planners elect to increase transfer
capability to meet the recommendations

remained even after increasing transfer capability
by 14 GW and 1 GW, respectively.

39 Please see NERC’s website for more information
regarding these issues. See also, ITCS, Appendix A,

listed in the ITCS, options to consider
include:

e Upgraded transmission infrastructure:
Such as building new lines and
reconductoring existing lines or raising
existing tower structures where feasible.

e Remedial action schemes (“RAS”):
Increasing transfer capability via adjustments
to RAS may be helpful in the short-term
while other solutions are implemented. RAS
are not advised as a long-term solution as
these schemes introduce higher operational
complexity.

e Dynamic line ratings (“DLR”): DLR could
use real-time and forecasted weather
conditions to continuously calculate the
thermal capacity of transmission lines and
may at times facilitate increased transfer
capability during favorable weather
conditions. However, DLR may not be
suitable in all situations.

e Power flow control devices: Power flow
control devices with newer digital control

Chapter 11 (providing further considerations).
NERC has focused the ITCS on transfer capability
in accordance with Congressional directive.

40 Supra note 1.



105798

Federal Register/Vol. 89, No. 248/Friday, December 27, 2024/ Notices

technology that allows for faster responses to
system needs may help support transfer
capability and enhance the transmission
planning process.

With regard to maintaining transfer
capability, the ITCS explained that actual
transfer capability available during real-time
operations may be different from that
calculated due to system conditions during
actual operations. A certain level of transfer
capability cannot always be maintained due
to those changing system conditions and,
therefore, the ITCS focused on what can be
accomplished during the planning horizon.
These recommendations to maintain transfer
capability include:

e Coordination Agreements: Strong
coordination procedures and agreements can
maximize available support during stress
conditions (such as extreme weather events).
This coordination could include rigorous
maintenance activities and coordinated
maintenance to avoid overlapping with
periods of increased stress.

e Future Studies:

O ERO Enterprise Studies: The ERO
Enterprise, working with industry, is
planning to conduct regular assessments
rolled into future Long-Term Reliability
Assessment reports that will consider
developments in this area. NERC is also
considering the issues as part of its Energy
Assessment Strategy.

O Planning/Maintenance: Planners can
evaluate changes in transfer capability as part
of regular processes.

e Regulatory and Policy Mechanisms:

O The ITCS noted that a uniform minimum
transfer capability requirement may not be an
effective or efficient approach to ensure
energy adequacy.

O The ITCS recommended that policy
makers consider mechanisms to address
existing challenges associated with siting/
permit approvals, cost-allocation, and multi-
party operating and maintenance agreements.

o Reliability Standards:

© The ITCS clarified that it is not NERC’s
intent to develop Reliability Standard
modifications to require entities to meet and
maintain a certain transfer capability,
without prejudice to NERC’s consideration of
modifications in the future of matters such as
assessments associated with planned transfer
capability.

O NERC has two standard development
projects (Project 2022—03 Energy Assurance
with Energy-Constrained Resources and
2024-02 Planning Energy Assurance) related
to energy assurance and the assessment of
energy adequacy.

System studies are urged to ensure careful
deployment of ITCS recommendations. To
give these recommendations meaning,
transmission planners and planning
coordinators will need detailed studies to
select projects or actions that take advantage
of the opportunity identified in the ITCS
without inadvertent consequences. The ITCS
explained limitations on its scope as well as
steps that stakeholders could take to further

build on the opportunities identified
therein.4? As highlighted throughout the
ITCS and this filing, the ITCS is intended as
a launch-pad to further North America’s
efforts to plan infrastructure and
coordination that supports a modern grid.

NERC urges policymakers and industry to
carefully consider how to leverage the
recommended additions to transfer capability
outlined in the ITCS. As mentioned above,
the recommendations identify directional,
rather than prescriptive, guidance. The ITCS
provides a roadmap for understanding where
transmission may benefit from enhancement,
without mandating specific projects or a
minimum level of transfer capability. While
the ITCS recommends increased transfer
capability on particular interfaces, NERC
does not endorse projects or particular
approaches. This is intentional because
planners must evaluate potential downstream
impacts of increased transfer capability. For
example, while greater transfer capability can
improve energy adequacy, there can be
situations where a large transfer of energy has
consequences for other aspects of reliable
system operations such as system stability,
voltage control, and measures to minimize
the potential for cascading outages.
Transmission planning regions must
coordinate system enhancements to support
rational and effective implementation of the
ITCS findings. Further, planners might
consider other options not within the scope
of the ITCS. While the ITCS focuses on
transfer capability per congressional
directive, regions might construct additional
resources or increase demand response
resources. Further, the ITCS acknowledges
that existing or planned projects may also be
responsive to the opportunities and
recommendations identified in the ITCS. As
stated above, the ITCS findings should be
considered foundational insights for further
discussions and decisions.

III. Consultation With Regional Entities and
Transmitting Utilities

The Fiscal Responsibility Act requires that
NERC conduct the ITCS in consultation with
the six Regional Entities and neighboring
transmitting utilities.#2 Consultation is
understood as a meaningful exchange of
information prior to final decision-making.43

41Without limitation on future analysis or action,
NERC does not recommend any Reliability
Standards changes at this time as a result of the
ITCS.

42 Supra note 1.

43 See, e.g., Envtl. Def. Ctr., Inc. v. U.S. Envtl.
Protection Agency, 344 F.3d 832 (9th Cir. 2003)
(highlighting that consultation was reflected by
activities such as circulating a draft report to
stakeholders, establishing an advisory committee,
holding several meetings as part of that advisory
committee, and obtaining input from State and
municipal representatives on drafts); and South
Carolina v. United States, 329 F. Supp. 3d 214
(2018) (finding that the Department of Energy
engaged in a meaningful exchange of information
and views with governor prior to the decision); cf.
Cal. Wilderness Coalition v. U.S. Dep’t of Energy,

Consistent with Congressional directive and
NERC’s regular collaborative process as the
ERO Enterprise coordinating with
stakeholders to ensure reliability, NERC
frequently consulted with the Regional
Entities and transmitting utilities throughout
the design and execution of the ITCS.

As illustrated below, the stakeholder
engagement process included 14 Advisory
Group meetings, three letters to transmitting
utilities seeking input and feedback,
presentations at NERC Board of Trustee
(“Board”’) meetings and over 100 industry
and trade group meetings. In addition, to
facilitate these conversations and ongoing
exchange of perspectives as NERC led the
ITCS, NERC publicly published scoping
documents and quarterly updates associated
with the ITCS on NERC’s ITCS web page.
Further, NERC published the parts of the
ITCS via a series of three reports (an
introductory Overview report, transfer
capability analysis Part 1 report, and prudent
recommended additions to transfer capability
Part 2 and 3 report) prior to finalizing and
consolidating these portions into the attached
ITCS (Appendix A).

631 F.3d 1072, 1087, 1080, 1085) (2011) (explaining
that consultation entails a meaningful exchange and
more than public comment).
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EXTENSIVE STAKEHOLDER
ENGAGEMENT PLAN

MONTHLY PUBLIC PUBLICLY POSTED
ADVISORY GROUP FRAMEWORK AND SCOPE
MEETINGS DOCUMENTS

PUBLICLY POSTED REPORT
DRAFTS

LETTERS TO ALL
TRANSMITTING UTILITIES
(TOS, TOPS, PCS, TPS)

This consultation process is consistent
with the ITCS Framework that NERC
published in the summer of 2023. That
Framework established NERC’s plan to
engage with its executive leadership,
Regional Entities across different levels of
leadership and technical expertise, and

150+ EXTERNAL
PRESENTATIONS

industry. This plan included the ERO
Enterprise’s coordination with an ITCS
Advisory Group comprised of diverse
industry experts (including, for example,
those from the Department of Energy
(“DOE”), the Commission, and transmission
planners from across the BPS), as well as

DATA REQUEST LETTERS

ADVISORY GROUP
SURVEYS

additional outreach to transmitting utilities.
See, Appendix B (list of stakeholder
engagement activities), Appendix C (letters to
transmitting utilities for feedback); and
Appendix D (Advisory Group and ITCS
Study Team Rosters and List of Public
Meetings).
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In accordance with the Framework
illustrated above, NERC involved Regional
Entities in the ITCS on a weekly basis to
design and execute the ITCS and has met
with the Advisory Group approximately
every month to obtain input on ITCS design,
execution, and findings. These groups were
also asked to provide feedback on draft
materials, such as the initial draft
Framework, subsequent scope documents for
different parts of the ITCS, and the portions
of the ITCS that were rolled out in phases
and culminated in the ITCS attached at
Appendix A. All Advisory Group meeting
presentations were publicly posted on
NERC’s ITCS web page. Comments from
Advisory Group members on various parts of
the ITCS were also posted on NERC’s ITCS
web page along with NERC’s consideration
and responses. The process ensured that
NERC received input during each stage of the
ITCS from its initial framing to more detailed
scoping and throughout the ITCS while the
ERO Enterprise study team examined the
issues and finalized decisions.44

To maximize the opportunity for
stakeholder consultation, NERC published
draft portions of the ITCS on its web page
(after seeking Advisory Group feedback) in
stages. First, NERC published an Overview
report introducing the ITCS and its approach
in June 2024. Second, NERC published its

44 Examples included the decision to study
simultaneous import capability and use 2024/2025
system conditions (or “‘base cases’) to calculate
current total transfer capability.

Government,
_Provincial, and
. Regulatory

Stakeholders

. Transmission

_ Transmission
. Operators

calculated total transfer capability in August
2024. Third, in November 2024, NERC
published its proposed recommended
prudent additions to total transfer capability
in certain regions of the U.S. and
recommended means to meet and maintain
transfer capability today and as enhanced
after consideration of the ITCS
recommendations. (Part 2 & 3 Report). These
three parts were consolidated after final
revisions into the attached ITCS (Appendix
A). NERC plans to issue a fourth report in
2025 studying transfer capabilities from the
U.S. to Canada and between Canadian
provinces.45

In addition, NERC sent three sets of letters
to all transmitting utilities in 2024 to obtain
feedback on the ITCS.46 The first letter was
sent in January of 2024 seeking input
generally on the ITCS, posted framework,
and scope documents. The second letter was
sent in September of 2024 to solicit input
from transmitting utilities on the ITCS
Overview report, total transfer capability
report (Part 1), and Advisory Group materials
(which included material on considerations
and criteria to determine any recommended

45 While this part is outside the specific

congressional mandate, the interconnectedness of
the North American BPS warrants analysis of
Canada.

46 The Fiscal Responsibility Act required NERC to
consult with neighboring transmitting utilities,
however, to facilitate the broadest opportunity for
consultation NERC sent these letters to all
transmitting utilities.

_Owners

. Trade

Assaciations

prudent additions to transfer capability).
NERC’s third letter to transmitting utilities
was issued November 4, 2024, after the final
in-person Advisory Group meeting, to solicit
input on NERC’s proposed recommended
prudent additions and recommendations on
how to meet and maintain current total
transfer capability and transfer capability as
enhanced by any additions (the Part 2 & 3
report). NERC’s preliminary
recommendations for prudent additions were
also shared with the Advisory Group in
September 2024 with publicly posted
materials available on the ITCS web page to
provide ample opportunity for comments
before the Part 2 and 3 publication and before
finalizing a final report.

NERC takes this opportunity to thank all
those stakeholders and members of the ERO
Enterprise who participated in the ITCS. This
feedback has been instrumental in
developing a nuanced study that is unique in
terms of its geographic magnitude and overall
approach to assessing energy adequacy under
extreme conditions.

IV. Conclusion

Therefore, for the reasons set forth above,
NERC hereby submits this ITCS to the
Commission as directed by the U.S. Congress
in the Fiscal Responsibility Act. The ITCS
finds that while current total transfer
capability is largely sufficient to support
energy adequacy at present, when calculating
energy margin analysis and extreme weather
over a forward-looking ten-year outlook,
there may likely be insufficient transfer
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capability. Based on the identified
deficiencies that reveal certain transmission
planning regions at risk for energy
inadequacy, the ITCS recommends 35 GW of
additional total transfer capability as a
prudent measure to demonstrably strengthen
reliability subject to coordination between
governmental authorities, policy makers, and
industry. NERC also plans to continue

evaluating transfer capability as a regular part
of its assessments going forward such as the
LTRA. NERC on behalf of itself and the full
ERO Enterprise, looks forward to continuing
to participate in this discourse and preparing
North America to meet the needs of the
modern grid.

Respectfully submitted,
/s/Candice Castaneda

Candice Castaneda, Senior Counsel, North
American Electric Reliability Corporation,
1401 H St. NW, Suite 410, Washington, DC
20005, (202) 400-3000, candice.castaneda@
nerc.net.
Counsel for the North American Electric
Reliability Corporation.

Date: November 19, 2024.
BILLING CODE 6717-01-P

Interregional Transfer

Capability Study (ITCS)

Strengthening Reliability Through the
Energy Transformation

Final Report
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Preface

Electricity is a key component of the fabric of modern society and the Electric Reliability Organization (ERO) Enterprise
serves to strengthen that fabric. The vision for the ERO Enterprise, which is comprised of NERC and the six Regional
Entities, is a highly reliable, resilient, and secure North American Bulk Power System (BPS). Our mission is to assure
the effective and efficient reduction of risks to the reliability and security of the grid.

Reliahility | Resilience | Security
Because nearly 400 million citizens in North America are counting on us

The North American BPS is made up of six Regional Entities as shown on the map and in the corresponding table

below. The multicolored area denotes overlap as some load-serving entities participate in one Regional Entity while
associated Transmission Owners/Operators participate in another.

T




Federal Register/Vol. 89, No. 248/Friday, December 27, 2024/ Notices 105805

Statement of Purpose

In June 2023, Congress enacted legislation — the Fiscal Responsibility Act of 2023*” — that mandated NERC, as the ERO,
to conduct the Interregional Transfer Capability Study (ITCS) to inform the potential need for more electric
transmission transfer capability to enhance reliability:

The Electric Reliability Organization...in consulitation with each regional entity...and each transmitting utility (as
that term is defined in section 3(23) of such Act) that has facilities interconnected with a transmitting utility in a
neighboring transmission planning region, shall conduct a study of total transfer capability as defined in section
37.6(b)(1)(vi) of title 18, Code of Federal Regulations, between transmission planning regions that contains the
following:

(1) Current total transfer capability, between each pair of neighboring transmission planning regions.

(2) A recommendation of prudent additions to total transfer capability between each pair of neighboring
transmission planning regions that would demonstrably strengthen reliability within and among such
neighboring transmission planning regions.

(3) Recommendations to meet and maintain total transfer capability together with such recommended
prudent additions to total transfer capability between each pair of neighboring transmission planning
regions.

This congressional directive falls within the scope of NERC’s obligation under section 215 of the Federal Power Act,*
to “conduct periodic assessments of the reliability and adequacy of the bulk power system in North America.”** NERC
and the six Regional Entities,”® collectively called the ERO Enterprise, developed and executed the ITCS in
collaboration with industry to address the congressional directive. This report details the inputs, processes, key
findings, and recommendations of the ITCS.

47 H.R.3746 - 118th Congress (2023-2024): Fiscal Responsibility Act of 2023 | Congress.gov | Library of Congress

4% 16 U.S.C. 8240 [hereafter section 215]

42 Section 215(g). Such reliability assessments include the Long-Term Reliability Assessment {LTRA), Summer Assessment, Winter Assessment,
and special assessments.

S0 NERC’s work with the Regional Entities is governed by Regional Delegation Agreements (RDA) on file with FERC and posted on NERC's website.
See also section 215(e)(4).
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Executive Summary

The North American grid is a complex machine
that has evolved over many decades and
integrates a  network o\:‘ generation, THE ITCS
transmission, and distribution systems across
vast geographic areas.”® As a result of the
changing resource mix>? and extreme weather,
interregional energy transfers play an
increasingly pivotal role. More than ever, a
strong, flexible, and resilient transmission
system is essential for grid reliability. NERC, as
the Electric Reliability Organization (ERO),
remains focused on assuring reliability
throughout this energy transformation. As
evidenced during recent operational events,>
more needs to be done to support energy
adequacy® to be able to continuously meet
customer demand. This is the reliability risk
that the Interregional Transfer Capability Study
(ITCS) seeks to identify and mitigate through
additions to transfer capability®® as directed in
the Fiscal Responsibility Act of 2023.%¢

A Critical Study

Previous NERC assessments® identified the
need for more transmission transfer capability,
as well as a strategically planned resource
mix,” to address these changes and support
the ongoing electrification of the economy
including the growing transportation sector,
industrial loads, and data centers. More frequent extreme weather events further compound the challenge. While
always important, the need for a reliable energy supply — in the interest of public health, safety, and security —
becomes most pronounced under these extreme conditions. These factors emphasize the criticality of adequate and
informed planning at a broader interregional level that will support future grid reliability. For this reason, developing
a common approach and consistent assumptions, with model development, validation, and results coordinated with
industry, was key to the study’s design. The ITCS is the first-of-its-kind assessment of transmission transfer capability
under a common set of assumptions but is not a transmission plan or blueprint. Transmission assessments, like the

5T An explanation of the grid can be found at Electricity Explained — U.S. Energy Information Administration (April 2024).

52 This phrase relates to the replacement of traditional dispatchable resources with a higher percentage of intermittent resources with non-
stored fuel sources, such as wind and solar resources.

53 The ITCS Overview of Study Need and Approach includes examples of the role of transfer capability during the Western Interconnection
Heatwave (2020), Winter Storm Uri (2021), and Winter Storm Elliott (2022).

5% While there are many facets to reliability, the ITCS focuses on energy adequacy, the ability of the bulk power system (BPS) to meet customer
demand at all times.

5> Transfer capability is the measure of the ability of interconnected electric systems to reliably move or transfer electric power from one area
to another area by way of all transmission lines (or paths) between those areas under specific system conditions.

6 H.R.3746 - 118th Congress (2023-2024): Fiscal Responsibility Act of 2023 | Congress.gov | Library of Congress

57 NERC's assessments can be found at nerc.com.

5% The terms “resource mix” and “resources” broadly include generators, storage, and demand response.
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ITCS, are crucial to mitigating future risks; however, alternative approaches other than transmission can also mitigate
future energy risks, such as local generation, or demand-side solutions.

The study specifically does not include:

o Economic Assessments: Economic analysis, cost-benefit evaluation, or financial modeling were not factors in
determining prudent recommendations. The focus was strictly on improving energy adequacy.

o Project-Specific Recommendations: This report highlights areas where new capacity is desirable to improve
reliability but does not endorse individual transmission projects.

e Transmission Expansion Analysis: The ITCS is not a replacement for existing or future transmission expansion
planning efforts or interconnection studies nor does it represent a comprehensive transmission plan.
Economic and project viability assessments are needed to fully understand cost implications, market impacts,
siting and permitting challenges, and further technical considerations.

¢ Operational Mitigation: The ITCS used existing interconnection planning models developed annually by NERC
and the Regional Entities. The analysis did not evaluate operational mitigations through re-dispatch or other
actions.

e Capacity Expansion Planning: Transmission needs are heavily influenced by future resource assumptions.
Significant changes to the underlying assumptions could impact the energy margin analysis and,
consequently, the identified prudent additions. Due to gaps in firm resource plans for 2033 in many areas,
the ITCS established a future resource mix assumption based on available plans, ranging from certain to
speculative resources.>®

The ITCS is designed to provide foundational insights that facilitate stakeholder analysis and action in response to the
opportunities identified. Therefore, the ITCS:

e Acknowledges Anticipated Benefits of Projects Already in Progress: NERC acknowledges that transmission
projects in planning, permitting, or construction phases may reduce some needs identified in the ITCS. The
existence of these projects supports the ITCS findings by highlighting their relevance to improving reliability.
By underscoring these projects’ critical roles, the study affirms the need for timely completion of these or
similar efforts supporting overall grid resilience.

e Leaves Implementation to Policymakers and Industry: The ITCS does not prescribe “how” prudent additions
to transfer capability should be achieved, rather provides information on what would be desirable to improve
energy adequacy. While prudent additions are one approach to reducing vulnerability during extreme
conditions, these needs can be addressed in various ways. The study’s findings underscore the urgency of
targeted, strategic actions but remain flexible in implementation. The directional guidance provided by the
ITCS is foundational to ongoing planning, regulatory, and legislative efforts aimed at securing a resilient and
reliable grid.

The ITCS demonstrates a significant opportunity to optimize reserve use during extreme weather events and shows
how transmission can maximize the use of local resources, including storage and demand response. Further, the ITCS
highlights the continuing importance of resource planning, as increasing transfer capability without surplus energy
would be inefficient.

Study Progression: Enhancing Reliability

As shown in Figure ES.1, the ITCS project consists of four parts.

5% The future resource mix assumptions are based on the 2023 Long-Term Reliability Assessment (LTRA), which projects new resources in three
tier levels. In general, Tier 1 resources are in the final stages for connection, while Tier 2 resources are further from completion, and Tier 3
resources are even less certain.
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Figure ES.1: Study Parts

Overview of Study Need and Approach

The first ITCS document — Qverview of Study Need and Approach® — was released in June 2024. It provides
background and context on the study, including a brief discussion of recent operational events. It also includes details
of transfer capability calculations and the approach for recommending additions to transfer capability, laying the
foundation for the ITCS.

Transfer Capability Analysis (Part 1)

The second ITCS document — Transfer Capability Analysis (Part 1)°*— was released in August 2024 and addressed the
first part of the congressional directive, which mandated a transfer capability analysis between each pair of
neighboring Transmission Planning Regions (TPR).5? Transfer capability is the amount of power that can be reliably
transported over a given interface under specific conditions. The Part 1 study report provided the calculation and
limitations of current total transfer capability (TTC)®® and informed Part 2 of the study.

Recommendations for Prudent Additions (Part 2) and to Achieve Transfer Capability (Part 3)
The third ITCS document — Recommendations for Prudent Additions to Transfer Capability (Part 2) and
Recommendations to Meet and Maintain Transfer Capability (Part 3)%* — was released in November 2024. It contained
an energy margin analysis and resulting recommendations for prudent®® additions® to the transfer capability
between neighboring TPRs to improve energy adequacy during, for example, extreme weather events. It also
discussed how to meet and maintain transfer capability as enhanced by these prudent additions.

Canadian Analysis

Due to the interconnected nature of the bulk power system (BPS),%” NERC will extend the study beyond the
congressional mandate to identify and make recommendations to transfer capabilities from the United States to
Canada and among Canadian provinces.®® The Canadian analysis will be published in the first quarter of 2025.

60 The ITCS Overview of Study Need and Approach further explains transfer capability, calculation method, study assumptions, and other study
information.

61 The ITCS Transfer Capability Analysis (Part 1) report was published in August 2024.

52 This is not a defined term in the NERC Glossary of Terms, but for the ITCS, this term refers to the study regions that are described in the ITCS
Overview, the ITCS Transfer Capability Analysis (Part 1) report, and in Chapter 1 of this report.

63 The TTC method was used for consistency across the study area, and these values are distinct from the path limits used by some entities.

54 The ITCS Parts 2 and 3 Report was published in November 2024,

85 FERC defines prudence as the determination of whether a reasonable entity would have made the same decision in good faith under the
same circumstances at the relevant point in time. See, e.g., New England Power Co., 31 FERC 161,047 at p. 61,084 (1985); and Potomac-
Appalachian Transmission Highline, L1C, 140 FERC 961,229 at P 82 2012 (Sept. 20, 2012).

56 A discussion of the interpretation of technically prudent additions to transfer capability can be found in the ITCS Overview of Study Need and
Approach. Hereafter, this is typically referred to interchangeably as “recommended additions” or “prudent additions.”

57 The Western Interconnection includes the Canadian provinces of Alberta and British Columbia. Similarly, the Eastern Interconnection contains
numerous transmission lines between the United States and Manitoba, New Brunswick, Ontario, and Saskatchewan, plus direct current (dc)
connections with Québec.

88 The ITCS Part 1 evaluated transfer capability from Canada into the United States.
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Stakeholder Engagement During the ITCS

To ensure a comprehensive and inclusive study, an ITCS Advisory Group of stakeholders was formed including
regulators, industry trade groups, and transmitting utilities across North America. Throughout the process, NERC and
the Regional Entities undertook a comprehensive outreach program to keep industry and stakeholders informed
through regular updates and to provide opportunities for input. The ITCS Advisory Group meetings, which are public,
are posted on the ITCS web page, along with other project materials and supporting information. The involvement of
these stakeholders is critical toward making the ITCS as effective as possible.

The ITCS is the beginning of an extensive process involving the evaluation of the recommended additions made in
this report. NERC encourages all stakeholders to continue the constructive engagement and collaboration shown in
this process to address the challenges facing our grid. NERC is committed to doing its part by integrating transmission
adequacy into future Long-Term Reliability Assessments (LTRA) and continuing to highlight risks in its reliability
assessments.

ANALYSIS: Transfer Capability (Part 1)

Part 1 (beginning in Chapter 3} addressed the first part of the congressional directive that mandated an analysis of
the current transfer capability between each pair of neighboring TPRs. The results of the Part 1 analysis informed Part
2 of the study.

Key Findings — Part 1

The Part 1 current transfer capability analysis between each pair of neighboring TPRs focused on two different base
cases® representing 2024 Summer and 2024/25 Winter, with results shown in Figure ES.2 and Figure ES.3,
respectively. A complete listing of the current TTC results can be found in Chapter 4.

% Base cases are computer models that simulate the behavior of the electrical system under various conditions. The cases chosen were from
readily available seasonal peak load models and updated by industry to reflect future conditions.
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Figure ES.3: Transfer Capabilities (Winter)
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The transfer capability results in this report reflect the conditions studied and are not an exhaustive evaluation of the
potential for energy transfers. The results are highly dependent on the assumptions, including load levels and
dispatch of resources, both of which can vary significantly between seasons. For the same reasons, transfer capability
can be different during non-peak periods than the peak conditions studied. This study used a set of cases
representative of stressed system conditions most relevant for the Part 2 analysis. As such, the study did not attempt
to maximize transfer capability values for each interface through optimal generation re-dispatch, system topology
changes, or other operational measures. Consequently, higher transfer capabilities may be available under different
conditions. Changes to future resource additions, resource retirements, load forecast changes, and/or transmission
expansion plans have the potential to significantly alter the study results.

A holistic view of the interconnected system and a thorough understanding of its behavior are essential when
calculating or increasing transfer capability. When neighboring TPRs transfer energy over a highly interconnected
system, the energy flows over many different lines based on the electrical characteristics, or impedance, of traveling
each route, unless there is specific equipment used to control flows. As a result, energy typically flows not only across
the tie lines that directly connect the exporting (source) TPR to the importing (sink) TPR, but over many routes, some
of which may be running through third-party systems. The way electrical energy flows has broad implications for
calculating and using transfer capability in an interconnected system, especially when traveling over long distances.
For example, maintaining and increasing transfer capability may be highly dependent on the system conditions within
the source and sink TPRs as well as surrounding areas. Likewise, transfer capability does not correlate one-to-one
with the rating of new or upgraded transmission facilities.
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RECOMMENDATIONS: Prudent Additions to Transfer Capability (Part 2)

Part 2 (beginning in Chapter 5) addressed the second part of the congressional directive, which mandated a set of
recommendations for prudent additions to transfer capability that would strengthen reliability.
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Key Findings — Part 2 and 3
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Defining Prudent Additions in Context of Reliability

This study defined “prudent additions” as potential transmission Prudent additions mitigate identified
enhancements identified to mitigate grid reliability risks under instances of energy deficiency without
especially challenging conditions. The ITCS mandate requires regard to economic considerations.

NERC to develop these recommendations that “demonstrably
strengthen reliability;” therefore recommendations are made
that are beyond the existing reliability requirements and transmission needs supporting reliability and economic
planning. Notably, the ITCS does not consider economic feasibility. The analysis excludes cost-benefit assessments,
meaning no economic or financial modeling was used in determining prudent recommendations. Prudent additions
are recommendations based on reducing energy deficits by transferring available excess energy from neighboring
TPRs and have three primary objectives:

* Strengthen Reliability: Provides a potential solution that enables more flexibility between TPRs and access
to resources that may be available during local energy deficits.

e Serve Load Under Extreme Conditions: Provides a solution that serves future demand during extreme
conditions, which is a more restrictive design basis than current resource adequacy constructs.

¢ Does Not Create Unintended Reliability Concerns: Recommendations for larger connections between TPRs
will require detailed system studies to assure system stability.

These recommendations are built upon rigorous modeling of extreme conditions where the BPS experiences stress
due to factors such as elevated demand levels, limited generation availability (e.g., from weather-dependent
renewables), and transmission limitations or contingencies impacting energy delivery. Across all TPRs evaluated, the
estimated unserved load — the hours during which demand outstrips supply — varies from 0 to 135 hours, directly
reflecting different levels of reliability risk. Recommended additions seek to reduce these potential load-shedding
risks. In some cases, policymakers may choose to accept some risk as the likelihood of load loss is small, and other
mitigation may be more acceptable.

The prudent additions to transfer capability represent directional guidance for strengthening reliability under
extreme conditions and should not be misconstrued as mandatory construction directives but rather as directional
insights for supporting system resilience.

Evaluating Prudent Additions to Transfer Capability

Part 2 of the ITCS evaluated the future energy adequacy of the BPS based on past weather conditions occurring again
in 2033. Specifically, the study applied 12 past weather years to the 2033 load and resource mix using the current
transfer capabilities as calculated in Part 1.7° This future year (2033) was selected because interregional transmission
projects typically require at least 10 years to plan and build but forecasting demand and resources beyond that
timeframe becomes increasingly speculative and uncertain.

The study then evaluated the impact of additional transfer capability in mitigating the identified resource deficiencies
during extreme events, thereby improving energy adequacy. The six-step process (see Figure ES.4) used in this
evaluation is described in Chapter 6, culminating in a list of recommended additions. While there are several factors
that transmission planners consider — including reliability, economics, and policy objectives —given NERC’s role as the
ERO, the ITCS focused solely on reliability, specifically in terms of energy adequacy and reserve optimization.

79 Part 1 calculated current transfer capabilities for summer and winter based on 2024/25 projected system conditions using the area
interchange method. Prudent additions do not account for any changes to the transmission network that are planned after winter 2024/25.
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Figure ES.4: Part 2 Process Overview

Potential for energy deficiency’! was identified in all 12
weather years evaluated and in 11 different TPRs, with a
maximum rescurce deficiency of almost 19 gigawatts (GW) in
ERCOT. Results from the energy margin analysis can be found
in Chapter 7.

These results were used to develop a list of recommended
additions to transfer capability from neighboring TPRs,
including geographic neighbors without existing electrical
connections. As a result, 35 GW of additional transfer
capability is recommended to improve energy adequacy
under the studied extreme conditions throughout the United

Potential for energy deficiency was
identified in all 12 weather years evaluated.

35 GW of additional transfer capability is
recommended to improve energy adequacy
under extreme conditions.

States.”? Figure ES.5 shows the existing and potential’”® new interfaces where additional transfer capability is
recommended, and Table ES.1 provides further detail. These additions are discussed in detail in Chapter 7.

7L The terms “resource deficiency” and “energy deficiency” are used interchangeably throughout this report to describe instances in the study
where available resources, including energy transfers from neighbors, are insufficient to meet the projected demand plus minimum margin

level, described further in Chapter 6.

72 The ITCS recommendations result from NERC working with the Regional Entities and in collaboration with the ITCS Advisory Group.

72 The full list of potential new interfaces evaluated is shown in Chapter 2.
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Figure ES.5: Prudent Additions to Transfer Capability
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Table ES.1: Recommended Prudent Additions Detail

.. . Additional
Transmission Resource | Maximum

Planning

Weather Years (WY) / Deficiency | Deficiency Transfer Interface Additions

Hours (MwW)

Events Capability

s e ~ ERCOT (300)
MISO-S | aa0 . SERC-SE (300)

TO;TA;L; i - et e > ; L ;35'000

In two cases, it was not possible to eliminate all energy deficiencies, even by increasing transfer capability, due to
wide-area resource shortages. In ERCOT and California North, resource deficiencies remained even after increasing
transfer capability by 14 GW and 1 GW, respectively.

The amount of transfer capability needed to mitigate

energy adequacy risk varied significantly across the The amount of transfer capability required to
country. Specifically, some TPRs with relatively low reliably serve customers during extreme
transfer capability did not show resource deficiencies, conditions varied significantly, demonstrating
such as SERC-SE and SERC-C with transfer capabilities of that a one-size-fits-all requirement may be
11%-18% of peak load.” In contrast, other TPRs with inefficient and ineffective.

relatively high transfer capability did show resource
deficiencies. Examples include MISO-E and PJM-S, with
transfer capabilities of 25%-44% of peak load. This is a direct result of the unique challenges that face each TPR, such
as energy availability resulting from its resource mix, each neighbor’s resource mix, and probable weather impacts.
Based on these findings, the ITCS concludes that a one-size-fits-all requirement for a minimum amount of transfer
capability may be inefficient and potentially ineffective.

The ERCOT system had the most significant energy deficiency and the greatest volume of recommendations for
increased transfer capability. Recommendations for prudent increases to transfer capability total approximately 14

74 These TPRs did not show resource deficiency even in the higher margin sensitivity analysis, underscoring the importance of holistic
transmission and resource planning.
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GW between the ERCOT-Front Range, ERCOT-SPP South, and ERCOT-MISO South interfaces. These additions address,
in part, energy deficits across 135 total hours in the 2033 case, the most severe of which was a shortfall of 19 GW
during extreme cold weather. The identified prudent additions also support and provide mutual benefits to resolve
energy deficits in the SPP South and MISO South areas. While significant advancements have been made at the state-
level and through new NERC winterization standards, better performance should be observed to gain confidence in
the performance of natural gas generation during extreme cold weather.

Again, future resource assumptions are pivotal in ascertaining the amount of prudent additions needed. If fewer
resources are assumed, many TPRs would exhibit energy deficiencies, as shown in the “Tier 1 Only Resource Mix”
sensitivity in Chapter 8. This could limit the ability to support neighboring TPRs during extreme weather events.
Conversely, if more resources are assumed, the need for prudent increases to transfer capability is reduced. The 2033
“Replace Retirements” case, which is derived from 2023 LTRA data, strikes a balance to appropriately assess energy
adequacy risks and inform recommended additions. The specific resource assumptions can be found in Appendix E.
Resource projections may shift over time with new technologies, market conditions, or policy directives. These
dynamics, as well as changes to load growth forecasts, highlight the need for this type of analysis to be repeated in
future LTRAs.

Various Options to Address Prudent Addition Recommendations

When it comes to addressing the identified risks, entities have various tools at their disposal. While the ITCS identifies
prudent additions as one means of addressing extreme condition vulnerabilities, these needs can be addressed in a
variety of ways:

s Internal Resource Development: Adding internal resources,
such as generation or storage, can reduce the need to rely on
the transfer of energy from external resources. Importantly, . ) L
these resources should not be subject to the same common- mitigate identified energy
mode failures as extreme conditions may impact multiple parts deficiencies and should consider
of the system simultaneously. For example, adding solar the impacts of each option.
resources may not reveal significant reliability benefits if
energy deficits are expected in the early morning or evening
hours of a wide-area cold weather event.

¢ Transmission Enhancements to Neighboring TPRs: Building new transmission lines or increasing transfer
capability with, for example, grid enhancing technologies can provide critical access to external energy
resources that may not be simultaneously impacted by the extreme conditions; however, this approach
necessitates:

Planners have multiple options to

= Resource Evaluations: Each neighboring TPR must be assessed to verify that sufficient, reliable
generation resources are available to support the needed energy transfers during the critical periods.
Building transfer capability between systems that are simultaneously resource-deficient will not improve
energy adequacy during those extreme conditions.

= Permitting and Siting Requirements: Transmission projects require extensive regulatory processes
including permitting, siting, and often complex cross-jurisdictional agreements.

= Cost-Allocation Mechanisms: Since transmission projects serve multiple stakeholders, clear and fair cost-
allocation structures are essential to advance these projects efficiently.

¢ Demand-Side Management and Resilience Initiatives: In some cases, the need for additional transmission
transfer capability can be mitigated by strategic demand-side solutions. Examples include:

= Demand Shifting: Encouraging shifts in demand to non-peak periods through rate structures or
operational adjustments.

= Energy Efficiency: Achieving reduction in demand through implementation of new technologies.

= Targeted Demand Response: Designing programs specifically for extreme conditions, where demand
reduction can alleviate stress on the grid.
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= Enhanced Storage Deployment: Providing backup capacity in the form of storage that can release energy
to the grid during peak demand, reducing reliance on external transmission sources.

Planners should consider all options and balance reliance on external resources vs. internal resources, noting that
there may be better options than an overreliance on one or the other.

How to Use this Report

This report is a tool for envisioning and planning the future of a more resilient and reliable grid. While the ITCS offers
critical insights, its findings should be considered as foundational insights for further study, discussion, and decisions
on regulatory and legislative solutions. While the study highlights specific needs to improve resilience under extreme
conditions, NERC encourages flexibility in meeting these needs through various approaches, including enhanced
collaboration with regional planning entities, careful alignment with FERC and state policies, and consistent
stakeholder engagement to effectively assess, refine, and execute strategies.

The ITCS is designed to explore reliability under extreme
conditions, such as severe weather or peak demand. It is not a . e . .
general assessment of routine operations or a prescription for Like all reliability studies, understanding
addressing routine grid concerns. The study’s conclusions are, the study scope and future resource and
therefore, relevant for identifying high-stress scenarios and transmission assumptions is critical.
should be used accordingly. Below is guidance for policymakers,
planners, and stakeholders on how to best use this study’s
recommendations.

Understand how best to interpret the recommendations for prudent additions. Before pursuing new transmission
projects, system planners and stakeholders should first identify existing projects in the planning, permitting, or
construction phases that could address some or all the transmission needs outlined in the ITCS. Once completed,
these in-progress projects may reduce or eliminate the need for additional transmission capability in certain areas,
reinforcing the value of these projects as part of the broader solution.

The findings identify directional, not prescriptive, guidance. The ITCS provides a roadmap for understanding where
transmission may need enhancement but does not mandate specific projects or a minimum level of transfer
capability. Instead, the findings are directional, helping stakeholders identify where improvements could be most
impactful without imposing specific requirements. This flexibility enables industry stakeholders and policymakers to
consider the best solutions for their unique needs and resources.

This study’s recommendations should be considered as a starting point, prioritizing those areas where the study
suggests significant reliability improvements. Policymakers should look at these areas with an open perspective
toward potential solutions — whether that involves building additional resources, increasing transmission, or
managing demand — to create a resilient approach that aligns with regional conditions and economic viability.

Policymakers should consider the barriers to achieving the prudent additions identified in the ITCS. Policy,
regulations, and coordination considerations can create significant challenges in the development of transmission.
The study reinforces the value of interregional transmission for managing extreme conditions and supporting an
evolving energy mix. However, realizing these benefits requires coordinated policy support. Policymakers, in
consultation with Planning Coordinators, should consider potential enhancements to current frameworks, such as
establishing a process or forum for addressing large, multi-regional transmission projects. Such a forum would enable
collaboration on cost-sharing, permitting, and regulatory hurdles, among other issues. Given the cost-intensive
nature of transmission projects, policymakers should prioritize those solutions with the broadest benefits. Wide-area
transmission planning could support a more equitable approach to cost allocation and decision-making, ensuring that
investments are balanced with the collective resilience needs. Better valuation of the reliability benefits to all
impacted parties can help identify the most impactful projects. Regulations including siting and permitting also need




105820 Federal Register/Vol. 89, No. 248/Friday, December 27, 2024/ Notices

to be addressed. Finally, operational tie agreements need to be reviewed and considered by Transmission Planners
and Transmission Operators. Market-to-market and seams issues must be resolved to enable flows at required critical
times. Different regulatory environments can make achieving some of the recommendations difficult, but some TPRs
are exposed to risks that require solutions.

A one-size-fits-all approach may not be effective in achieving the needed transfer capability. When considering a
minimum transfer capability requirement, the study’s findings do not support a universal minimum transfer
capability. A blanket requirement could lead to inefficient investments in areas where transmission needs are already
met or could fail to address the identified energy deficiency risks. For example:

e Some TPRs with high levels of transfer capability may require further enhancements due to high demand or
significant renewable integration.

o Other TPRs with lower transfer capability may already have adequate resources to meet reliability needs,
even under extreme conditions.

e Other TPRs may need additional energy, but transfer capability could be ineffective because neighboring TPRs
do not have sufficient surplus energy during the times of need.

Each TPR’s unique footprint should drive decision-making. The study’s flexibility allows TPRs to identify and address
specific vulnerabilities, ensuring that investments are efficient, targeted, and effective in achieving the desired level
of reliability.

Use of the ITCS can foster collaboration between utilities, regional planning organizations, and state regulators
and develop forward-thinking solutions for resource mix vulnerabilities. The study underscores that reliability
challenges cannot be solved with a single approach. Rather, a combination of strategies — adapted to meet the needs
of each TPR — will create a more resilient, adaptable grid for the future. Reliability planning is an ongoing process.
As technology advances, transmission plans unfold, and the resource mix evolves, this study should be revisited, with
findings used to refine and adapt future transmission and resilience strategies. Updates will be incorporated into
future LTRAs.

The ITCS offers critical insights to help stakeholders understand and prepare for extreme scenarios. The findings
emphasize a balanced, flexible approach to resilience, where transmission is an important but not exclusive solution.
By considering these recommendations thoughtfully and holistically, stakeholders can make decisions that meet
today’s challenges and build a foundation for a reliable, adaptable energy system for the future.
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Study Lessons
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Chapter 1: The Reliability Value of Transfer Capability

Recent Extreme Weather Events Show Reliance on Neighbors

Analyses of extreme weather events, such as Winter Storms Uri and Elliott and the heatwave experienced in the
Western Interconnection in 2020, as summarized below, have reinforced the critical need for neighbaoring systems to
exchange energy with one another when needed to minimize reliability impacts. During these events, transfer
capability, or the lack thereof, had a direct impact on the magnitude and duration of firm load shed. These recent
extreme weather events have highlighted the importance of the interregional transmission network in improving
reliability by transferring surplus energy between TPRs to mitigate shortfalls. In short, these events underscore the
types of challenging scenarios that system operators must be equipped to overcome:

e The Western Interconnection Heatwave, from August 14-19, 2020, affected much of the Western
Interconnection as noted in the associated report.”> Several Balancing Authorities declared energy
emergencies and the California Independent System Operator (CAISO) shed more than 1,000 MW of firm
load. In addition to the primary cause of extreme and widespread heat, this report notes two secondary
causes related to interregional transfer capability limitations.

e Winter Storm Uri impacted the BPS in the Electric Reliability Council of Texas (ERCOT) and Eastern
Interconnections during February 8-20, 2021. As noted in the associated report,’® extreme cold
temperatures, freezing precipitation, and generator outages led the ERCOT operators to order firm load shed
for nearly three consecutive days, peaking at 20,000 MW on February 15.77 The Southwest Power Pool (SPP)
and Midcontinent Independent System Operator (MISO) also declared transmission emergencies and shed
firm load in lower quantities and for shorter durations. Firm load shed during this event was directly related
to the transfer capability from TPRs with surplus energy into the TPRs with energy shortfalls, as the eastern
portion of the continent was not experiencing extreme conditions and had surplus energy to provide.

e Winter Storm Elliott impacted the BPS in the Eastern Interconnection from December 21-26, 2022. As noted
in the associated report,’® several Balancing Authorities in the Southeast United States shed firm load during
the event to maintain reliability. This firm load shed in total (at different points in time) exceeded 5,400 MW,
the largest controlled firm load shed recorded in the history of the Eastern Interconnection. Even though
interregional transfers were limited by availability of resources in neighboring TPRs, energy transfers from
Florida, New York, and the Midwest into the most heavily affected TPRs almost certainly reduced the amount
and duration of firm load shed that would otherwise have been required.

Setting the Stage for Transfer Capability Analysis

Recognizing the transforming grid and the reliability impacts of the extreme events summarized above, the
Department of Energy (DOE) and the Federal Energy Regulatory Commission (FERC) have examined transfer
capability, each considering a variety of factors. The DOE released the National Transmission Needs Study (Qctober
2023)7 as part of its State of the Grid report, which is required by Congress at least every three years to assess
national electric transmission constraints and congestion. This DOE study assessed current and near-term
transmission needs through 2040 across 13 geographic regions.

In 2022, FERC initiated a proceeding regarding interregional transfer capability transmission planning and cost
allocation and hosted a staff-led workshop on December 5-6, 2022.2° The workshop considered whether a minimum

75 August 2020 Heatwave Event Report.pdf (wecc.org)

76 The February 2021 Cold Weather Qutages in Texas and the South Central United States | FERC, NERC and Regional Entity Staff Report |
Federal Energy Regulatory Commission

77 Ibid.

7% Winter Storm Elliott Report: Inquiry into Bulk-Power System Operations During December 2022 | Federal Energy Regulatory Commission
(ferc.gov)

72 https://www.energy.gov/gdo/national-transmission-needs-study

80 Staff-Led Workshop Establishing Interregional Transfer Capability Transmission Planning and Cost Allocation Requirements, Docket Na. AD23-

3-000 (December 5-6, 2022)
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requirement for interregional transfer capability should be established and, if so, how to identify the right levels of
transfer capability. Some panelists spoke in favor of a minimum interregional transfer capability requirement for each
planning region, such as a percentage of peak load, noting benefits of new transmission beyond pure reliability
benefits. Other panelists encouraged a more deliberate approach that would study the needs of each area rather
than a one-size-fits-all requirement. The ITCS team took this latter approach to ensure reasonableness of any
recommendations, recognizing that a simple percentage requirement may not produce desired outcomes across all
TPRs. For instance, some of the considerations lost in the former approach include ignaring dynamic transmission
use patterns, varying resource mixes, regional network topology, size of the largest contingency, and periods of stress
that do not always correlate to peak demand.

Recently, FERC issued Order No. 1920 “Building for the Future Through Electric Regional Transmission Planning and
Cost Allocation” to revise the pro forma Open Access Transmission Tariff.8! In particular, FERC revised tariff
requirements pertaining to regional and local transmission planning and cost allocation, including requiring long-term
regional transmission planning as well as other reforms to improve the coordination of regional transmission planning
and generator interconnection processes. NERC filed comments supporting FERC’'s examination of transmission
planning under the changing resource mix and stated, “Transmission will be the key to support the resource
transformation enabling delivery of energy from areas that have surplus energy to areas which are deficient. The
frequency of such occurrences is increasing as extreme weather conditions resulting from climate change impact the
fuel sources for variable energy resources. Regional transmission planning can ensure that sufficient amounts of
transmission capacity will be needed to address these more frequent extreme weather conditions.”8?

Transfer capability is the amount of power that can be reliably transported over a given interface under specific
conditions. Planning engineers model elements on the system and simulate how power flow will impact the
transmission system under a series of reliability tests. These studies provide assurance that the system is stable and
within predefined ranges. As stated in NERC’s 2013 Adequate Level of Reliability (ALR)® filing, “[a] target to achieve
adequate transmission transfer capability and resource capability to meet forecast demand is an inherent,
fundamental objective for planning, designing, and operating the BES [Bulk Electric System].”®*

Each Interconnection consists of a network of transmission lines for redundancy, avoiding reliance on a single path.
Electricity transfers flow over parallel paths, introducing a variety of operating constraints. Consequently, planning
studies must be performed to ensure that these transfers will not jeopardize the reliability of an Interconnection.
Additional details regarding the ITCS evaluation of transfer capability can be found in Chapter 2.

The Part 2 recommendations to increase transfer capability are prudent to strengthen reliability but may go beyond
what is required to meet current Reliability Standards. Additional transmission studies will be needed once specific
projects or other actions are identified to address these recommended increases to transfer capability.

81 Building for the Future Through Electric Regional Transmission Planning and Cost Allocation, Order No. 1920, 187 FERC ] 61,068 (2024), at
https://ferc.gov/media/e1-rm21-17-000.

82 NERC Comments, Docket No. RM21-17-000; also Order No. 1920, at page 94 (discussing comments such as NERC’s pertaining to transmission
under the changing resource mix); and ibid., at page 586 {referencing NERC comments on potential studies pertaining to transmission)

83 For more information regarding ALR, see the informational filing on the Definition of “Adequate Level of Reliability” (filed May 10, 2013), at
https://www.nerc.com/pa/Stand/Resources/Documents/Adequate_Level_of Reliahility_Definition_(Informational_Filing).pdf.

8% Ibid. at Exhibit A, page 3
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Chapter 2: Overview of ITCS Scope and Terminology

The purpose of this study is to perform a U.S.- and Canada-wide assessment of the reliable transfer capability of
electricity between neighboring Transmission Planning Regions. While the congressional mandate®® applies to the
United States, any analysis would be incomplete without a thorough understanding of the Canadian limits and
available resources. The Western Interconnection includes the Canadian provinces of Alberta and British Columbia.
Similarly, the Eastern Interconnection contains numerous transmission lines between the United States and
Manitoba, New Brunswick, Ontario, and Saskatchewan, plus direct current (dc) connections with Québec.

The ITCS is the first comprehensive study of transfer capabilities between adjacent TPRs, including neighboring
Interconnections, making it unique. Further, to perform the future-looking energy assessment to determine potential
deficiencies, the study used 12 years of data to capture a wide variety of operating conditions and account for
historical weather events. It is also unprecedented in scope, as it used internally consistent assumptions and modeling
approaches for all neighboring interfaces and TPRs across interconnected North America. This broad view is key when
evaluating the support that may be available to assist in meeting energy adequacy while considering transfer
capability limitations. Ultimately, the goal is to incorporate this analysis into future LTRAs to provide a more
comprehensive picture of each TPR’s reliability risks.

Within this strategic context, the key objectives of the ITCS are the following:

¢ Conducta comprehensive, repeatable study of existing interregional transfer capability across the contiguous
United States and Canada between each TPR to assess currently available transfer capability (Part 1) and the
future need for additional transfer capability (Part 2) to ensure reliability under various system conditions,
including extreme weather.

e Provide analysis-driven recommendations for additions to the amount of energy that can be transferred
between neighboring TPRs (Part 2).

e Recommend approaches to achieve and maintain an adequate level of transfer capability (Part 3).

e Actively engage stakeholders and gather inputs, assumptions, and conditions from Regional Entities, industry,
and the Advisory Group to ensure a comprehensive and inclusive study.

¢ Identify expectations for next steps and continuing analysis of transfer capability to reinforce future NERC
assessments, including trends.

Study Scope

Part 1 consists of transfer capability analysis for forecasted 2024 summer and 2024/25 winter conditions. This transfer
capability analysis produced a set of transfer capability limits between neighboring TPRs. More information can be
found in the Part 1 scoping document.3®

As shown in Figure 2.1, the Part 1 results were vital inputs to Part 2, which identified TPRs that are deficient under
the study scenarios, including extreme weather events. TPRs with an energy deficiency were first evaluated to
determine if there is sufficient transfer capability to cover the deficiency, then prudent additions to transfer capability
were recommended. Part 3 identified various actions that could be taken by policy makers, industry leaders, and the
ERO Enterprise to meet and maintain transfer capability.

85 H.R.3746 - 118th Congress (2023-2024): Fiscal Responsibility Act of 2023 | Congress.gov | Library of Congress
88 |ITCS Transfer Study Scope Part 1 (nerc.com)
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Part 1: Transfer Analysis

Quantify existing transfer
capability

Heat Wave Identify prudent additions
, ~ fotransmissionto
mitigate reliability events -

“Renewable drought refers fo conditions that result in low energy
production from renewable resources (e g., calm winds, clouds, night}

Figure 2.1: Additional Part 2 Details

Part 2 was divided into four tasks to further develop these recommendations:

1. Develop a North American dataset of consistent, correlated, time-synchronized load, wind and solar
generation output, and weather-dependent outages.

2. Conduct an energy margin analysis to identify periods of tight supply conditions and potential resource
deficiencies to be further evaluated.

3. Develop metrics and methods to identify which TPRs would benefit from increased transfer capability.

4. Quantify the amount of additional transfer capability recommended as prudent between each pair of TPRs
to mitigate the resource deficiencies, deliberately evaluating whether neighboring TPRs had surplus energy
available to transfer.

The following items were intentionally out of scope for this analysis:

e Probabilistic resource adequacy analysis was not conducted. While 12 years of weather conditions were
considered, the study did not attempt to sample hundreds or thousands of potential generator outages and
load conditions, nor did it assign probabilities to potential loss of load events. In short, the ITCS should not
be considered a North American resource adequacy assessment.

e The relative merits of additional transfer capability versus local resource additions were not considered. Per
the congressional directive, the ITCS focused on transfer capability as a mitigation for energy deficiencies. In
practice, strengthening the energy adequacy of the BPS should consider a multi-faceted approach that can
include adding new local resources (generation or storage), improving load flexibility (demand response),
and/or increasing transfer capability.

e Part 2 used a simplified transmission model — often referred to as a “pipe and bubble” model — and did not
perform a full nodal, security-constrained economic dispatch or power flow analysis. Instead, it leveraged the
TTC values from the power flow analysis conducted in Part 1.
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The Part 2 study used large hourly datasets, both publicly available and NERC proprietary, to quantify and visualize
energy adequacy for each TPR across North America. These datasets were used to conduct an energy margin analysis
that was used as part of the prudent additions process. Data was compiled to create a multi-year, hourly, time-
synchronized dataset of load, wind, solar, hydro, and weather-dependent outages of thermal resources that
collectively determine energy margins. The Part 2 scope®” document contains additional details.

Stakeholder Participation

The Fiscal Responsibility Act of 2023 required that NERC, working with the full ERO Enterprise in the performance of
the ITCS, consult with each transmitting utility that has facilities interconnected with another transmitting utility in a
neighboring TPR. The Federal Power Act defines a transmitting utility as follows:

The term “transmitting utility” means an entity (including an entity described in section 201(f)) that owns,
operates, or controls facilities used for the transmission of electric energy—

(A) ininterstate commerce

(B} forthe sale of electric energy at wholesale

Even though a subset of utilities classified as transmitting utilities were required to be consulted, NERC has adopted
a broader approach to consult with and inform all stakeholders, such as Transmission Planners, Planning
Coordinators, Transmission Operators, Transmission Owners, state/provincial/federal regulators, and industry trade
groups. Due to the sheer size and number of stakeholders involved, as shown in Figure 2.2, a comprehensive
stakeholder management plan was developed to keep each stakeholder informed and engaged.

Figure 2.2: ITCS Stakeholder Engagement

87 ITCS SAMA Study Scope - Part 2 (nerc.com)
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An ITCS Advisory Group was assembled with functional and geographic diversity to gather industry input and ensure
a comprehensive study. Participants represented stakeholders including FERC, DOE, National Resources Canada, the
Electric Power Research Institute (EPRI), Independent System Operators, and a variety of utilities.®® The monthly
meetings were open with meeting schedules and materials posted publicly. The ITCS Advisory Group’s role is to
provide input to the ERO Enterprise regarding ITCS design, execution, and recommendations.® This group provided
insights, expertise, and inputs to the study approach, scope, and results.

In addition, an ITCS letter was broadly distributed to the industry on February 9, 2024, to provide direct outreach to
all transmitting utilities. A second letter was distributed on September 24, 2024, to remind entities of the study
results available. Each Regional Entity also worked closely with Planning Coordinators and other industry technical
groups in their respective regions.

Throughout the ITCS process, NERC reviewed stakeholder comments and incorporated input where appropriate.

88 A full roster is posted at ITCS_Advisory_Group_Roster.pdf (nerc.com)
89|TCS_Advisory_Group_Scope.pdf {nerc.com)
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Transmission Model

The TPRs used for this study are shown in Figure 2.3. In some cases, traditional planning areas defined in FERC’s Order
No. 1000,%° which generally do not follow state boundaries, were sub-divided to provide more granular analysis of
potential transfer capability limitations, especially under specific weather scenarios. For example, SPP has an
expansive geographic footprint stretching from the border of Saskatchewan into parts of Texas. Weather and other
operating conditions vary widely over this extended region. Further, construction practices can vary based on
expected temperatures, as noted in the Winter Storm Uri report. Significant transmission constraints exist within
these larger planning areas, some of which have played a major factor in weather events, and it is important for the
ITCS to reflect such limitations to interregional transfer capability. Additionally, this more granular approach allows
recommendations at more precise locations. The studied TPRs were large enough to analyze interregional reliability
issues while avoiding an overly granular analysis of local constraints.

Saskatchewan

“N Maritimes

o New England
~ New York

California~N
California-S’

Southwest

-

Figure 2.3: Transmission Planning Regions

In Part 1, a set of interfaces was identified that included all pairs of neighboring TPRs so that transfer analysis from
source (exporting) TPR to sink (importing} TPR and vice versa could be performed. In this context, only electrically
connected neighboring systems were evaluated.

To more accurately reflect the ability of a TPR to simultaneously import energy from multiple neighbors, Part 1 also
analyzed total import capabilities of each TPR. Though not part of the mandate, which directed evaluation of transfer
capability between neighboring TPRs, this evaluation is technically necessary to appropriately model system
capability in Part 2 of the ITCS.

% More information can be found on FERC’s website at www.ferc.gov.




Federal Register/Vol. 89, No. 248/Friday, December 27, 2024/ Notices 105829

For Part 2, a representation of the transmission system was created, with transfer capability limits applied to each
interface and a total import interface constraint for each TPR. These transfer capability limits were calculated in Part
1, which analyzed 2024 summer and 2024/25 winter conditions. The Part 2 model is not intended to represent actual
energy flows, nor does it calculate generation shift factors, line impedances, individual line loadings or ratings, or
other transmission considerations.

A visual representation of the transmission topology is provided in Figure 2.4, which shows each of the existing
transmission interfaces represented as a solid line. Dotted lines represent existing dc-only interfaces between TPRs,
including connections between Interconnections, the Oregon to California South dc tie (Path 65}, and between MISO
West and MISO East near the Straits of Mackinac.

e Existing Interface
xexwr Existing DC-Only Interface

= Potential New Interface

Figure 2.4: Transmission Interfaces

The model also included potential new transmission interfaces between geographically adjacent TPRs even if no
transmission linkage currently exists. These candidates for prudent additions are represented as dashed grey lines in
Figure 2.4.

In the Part 2 model, each interface has a transfer limit in the forward flow direction (e.g., from SERC-C to SERC-E} and
a potentially different limit in the reverse flow direction (e.g., from SERC-E to SERC-C). A total import interface was
also included in the model, represented by the yellow arc in Figure 2.4. In addition to the limits across individual
interfaces, this total import interface limited the simultaneous imports from all neighboring TPRs. This limit was also
calculated in the Part 1 Transfer Analysis by decreasing generation in each sink (importing TPR) and increasing
generation proportionally across all neighboring sources (exporting TPRs). Since the Part 2 model does not consider
the physics of energy flows across the transmission network, this interface was necessary to reflect limitations to
simultaneous transfer capability.
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Transfer Capability

Transfer capability is the measure of the ability of interconnected electric systems to reliably move or transfer electric
power from one area to another area by way of all transmission lines (or paths) between those areas under specific
system conditions. The units of transfer capability are in terms of electric power, generally expressed in MW. In this
context, area refers to the configuration of generating stations, switching stations, substations, and connecting
transmission lines that may define an individual electric system, power pool, control area, subregion, or region, or a
portion thereof.®

However, while the transfer capability is a measured amount in MW, it does not have a one-to-one correspondence
with what new transmission facility (or facilities) could be added. For example, to increase transfer capability by 200
MW between two areas, the areas may evaluate and find that a single new line with a rating of 200 MW would not
be the sole change to the network and a combination of facilities may need to be added or improved to support the
increase in energy transfers between areas. Determining a solution is complex and may involve additions or
modifications to multiple transmission facilities, while taking into account the other planning considerations.

In both the planning and operation of electric systems, transfer capability is one of several performance measures
used to assess the reliability of the interconnected transmission systems and has been used as such for many years.
System planners use transfer capability as a measure or indicator of transmission strength in assessing interconnected
transmission system performance. It is often used to compare and evaluate alternative transmission system
configurations. System operators use transfer capability to evaluate the real-time ability of the interconnected
transmission system to transfer electric power from one portion of the network to another or between control areas.
In the operation of interconnected systems, “transfer” is synonymous with “interchange.”*?

The intent of a transfer capability calculation is to determine a transfer value with the following general
characteristics:

e Represents a realistic operating condition or expected future operating condition

e Conforms with the requirements of the transfer capability definitions

o Typically considers single contingency facility outages that result in conditions most restrictive to electric
power transfers®

Transfer capability is calculated using computer network simulation software to represent anticipated system
operating conditions. Each such simulation reflects a snapshot of one specific combination of system conditions.
Transfers between two areas are determined by increasing transfers from a normal base transfer level until a system
limit is reached.®*

The ITCS calculated TTC by determining the amount of additional energy transfers that can be added to base transfers
already modeled while respecting contingency limits. Reliable operation insists that the grid must be operated to
withstand the waorst single contingency while remaining within system operating limits, noting that the most severe
single contingency may be in a neighboring area. Category P-1 single contingencies were used in this study, as defined
in NERC Reliability Standard TPL-001-5.1.%°

°L NERC Transmission Transfer Capability Whitepaper, 1995, at Transmission Transfer Capability May 1995.pdf (nerc.com)
92 | bid.

%3 Ibid.

%4 |bid.

%5 TPL-001-5 (nerc.com)
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TTC is the total amount of power that can be transferred Total Transfer Capability
between two areas. TTC is made up of two parts, as shown in 4

Figure 2.5: f \ A , )
e Base Transfer Level (BTL): Typically, scheduled power 3 f 1
flows between areas in the starting case. These are r . Copauiin, W . Total
usually referred to as base flows. ; ‘ 1 Transfer
3 k3 3
e First Contingency Incremental Transfer Capability i

(FCITC): FCITC simulates an incremental transfer
between areas under a single contingency until a
system limitation is reached. In other words, it is the Figure 2.5: Total Transfer Capability
amount of energy that can be reliably transferred.

In simple terms, TTC = BTL + FCITC. The TTC method enables a consistent calculation across the entire study footprint,
although these calculations are different than path limits which are used by some entities.

In Part 1, the BTL for each interface was derived, where available, from the scheduled interchange tables provided
with each of the study cases. This was compared to the desired interchange provided in the study cases to cross-
check. Where required, adjustments were made to account far additional schedules and market re-dispatch based
on load ratio where a Balancing Authority spanned multiple TPRs. Where the detailed scheduled interchange tables
were unavailable, BTL was approximated using the actual line flow across each interface and cross-checked against
the scheduled interchange. This approach was endorsed by the ITCS Advisory Group.

The transfer analysis, which calculates the FCITC, involves simulating an incremental increase in transfers from source
to sink while applying relevant contingencies and monitoring criteria (both described in Chapter 3), until a criteria
violation is found. The last incremental step prior to finding a criteria violation is reported as the FCITC. A voltage
screening was performed for each transfer analysis to validate the FCITC limit found. Models reflecting this transfer
amount were created and screened for voltage violations using applicable contingencies. If a voltage violation was
found, the FCITC was reduced, and the process repeated until the voltage violation was resolved. All results were
vetted by the Regional Entities through the respective Planning Coordinators.

Prudent Additions to Strengthen Reliability

The Fiscal Responsibility Act of 2023 requires a recommendation of technically prudent additions to transfer
capability between neighboring TPRs that would demonstrably strengthen reliability. Reliability is a broad concept,
and significant aspects of required reliability are defined by NERC Reliability Standards and continually implemented
through entities’ planning, investment, and compliance processes. The ITCS examines transfer capabilities between
adjacent TPRs under a variety of weather scenarios and operating conditions that reflect potential extreme
conditions, such as those observed during recent events. For this reason, the ITCS goes beyond existing reliability
studies and is an avenue to improve the delivery of energy under extreme conditions. In fact, when NERC assesses
system reliability, it often reviews capacity and energy scenarios to identify system risk. This is a foundational activity
at NERC, as a part of its mandate as the ERO, to assess risks to the BPS in the coming seasons and years.

Determining exactly how much additional transfer capability is “prudent” can depend on the totality of factors and
circumstances. FERC precedent®® reflects that prudence means a determination of whether a reasonable entity would
have made the same decision in good faith under the same circumstances and at the relevant point in time. FERC has
considered prudence in the context of specific, fact-based scenarios involving rates. For example, as part of examining
the totality of circumstances, FERC has considered matters such as whether activities have enhanced the ability to
restore service, achieved significant efficiencies, reduced costs or time delays, and/or made efficient use of resources
to ensure reliability.

% See, e.g., New England Power Co., 31 FERC 961,047 at p. 61,084 (1985); and Potomac-Appalachian Transmission Highline, LLC, 140 FERC
161,229 at P 82 2012 (Sept. 20, 2012).
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The ITCS identified where there are reasonable additions to transfer capability that would be expected to improve
energy adequacy and thereby strengthen reliability. This is not intended to preclude entities from considering other
factors, such as cost allocation or economic advantages.

To determine prudent additions to transfer capability and maintain focus on strengthening reliability, NERC, working
with the Regional Entities, developed an approach so that consistent, objective, reasonable criteria could be applied.
This process is described in Chapter 6.

Important Study Considerations

While the ITCS used engineering study approaches deployed within industry planning processes, it is not a planning
study. Reliability, in the form of energy adequacy and operating reliability, is the sole focus of the ITCS and aligns with
the ERO Enterprise scope and obligations, as well as the parameters defined in the Fiscal Responsibility Act. Unlike
the ITCS, planning studies ensure that electricity is generated, transmitted, and distributed in a cost-effective,
reliable, and sustainable manner, while meeting environmental and regulatory requirements.

Similarly, this reliability-focused study did not provide economic justification for new and/or upgraded transmission
facilities. Rather, the study identified increases in transfer capability that can improve energy adequacy during
extreme conditions. NERC recognizes that additional transmission has more quantifiable benefits than purely the
reliability benefits referenced in this study. For example, these benefits may include factors such as cost savings by
providing access to lower-cost sources of generation, voltage support, blackstart, and policy goal implementation.
Nothing in the study is intended to preclude stakeholders and governmental authorities at federal, state, and local
levels from evaluating those additional considerations.

The Fiscal Responsibility Act specifically required that prudent additions to transfer capability be recommended. Local
solutions, such as additional resources in an energy-deficient TPR, were not considered in the ITCS. This study also
does not recommend any particular transmission or generation projects, which may take the form of, but are not
limited to, new ac or dc transmission facilities, upgrades to enable higher ratings, grid-enhancing technologies,”” or a
combination thereof.

The ITCS considered a range of scenarios to ensure robust study results. Sensitivity analysis was also performed to
programmatically explore underlying risks. However, the ITCS is not an exhaustive study of all transmission limitations
that may occur during real-time operations or under simultaneous transfers across multiple TPRs.

Due to the unprecedented scope of this study, Part 1 efforts were limited to steady-state power flow analysis using
P-0 (no contingency) and P-1 (single contingency) scenarios as defined in NERC Reliability Standard TPL-001-5.1.%8
This approach is consistent with many other similar studies and was reasonable to meet the ITCS study needs and
timeframe. In addition to the contingency analysis, a voltage screening was performed for each transfer at the valid
limit found using category P-1 contingencies. Notably, while known stability limits were included, the team did not
complete short-circuit or stability analysis (i.e., voltage, transient, frequency). These limitations can be more
restrictive than the results presented, which focus primarily on thermal and voltage limits. Further analysis is
recommended in the future to determine appropriate solutions after a more comprehensive analysis is performed.

Similarly, in Part 2, a deterministic energy assessment of challenging weather conditions was chosen, rather than a
probabilistic resource adequacy assessment. This industry-supported approach enables holistic evaluation of the
impacts of actual extreme weather events.

°7 This term references advanced technologies that include dynamic line ratings, power-flow control devices, and analytical tools.
%8 TPL-001-5 (nerc.com)




Federal Register/Vol. 89, No. 248/Friday, December 27, 2024/ Notices 105833

This study does not satisfy any registered entity’s obligation to perform studies under enforceable NERC Reliability
Standards. This report also does not attempt to determine load or generator deliverability, available transfer
capability (ATC), available flowgate capacity (AFC), the availability of transmission service, or to provide a forecast of
anticipated dispatch patterns.

Finally, the ITCS represents a point-in-time analysis using the best available time-synchronized data. Changes to
future resource additions, resource retirements, and/or transmission expansion plans have the potential to
significantly alter the study results. As such, the study team recommends performing this study, documented in
NERC’s future LTRA reports, on a periodic basis to identify trends.
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Chapter 3: Transfer Capability (Part 1) Study Process

This section details the study design, tools, case development, and analysis parameters for calculating current
transfer capability. The study details were reviewed by various industry groups, including the ITCS Advisory Group
and Regional Entities’ technical groups and committees.

Base Case Development

The current transfer capability calculation was performed using relevant Eastern Interconnection and Western
Interconnection base cases with consistent criteria and assumptions. System models representing Eastern and
Western Interconnections were created to perform the analysis via base cases created through the MOD-032%
process as a starting point for the following seasons:

e 2024 Summer
e 2024/25 Winter

Base cases are not required for the ERCOT and Québec Interconnections for this study, as they are only tied with the
Eastern Interconnection via dc ties. Also, the dc ties from the Electric Reliability Council of Texas (ERCOT) to Mexico
are treated as static, and the ERCOT-Mexico interface is not included in the scope of this analysis.

NERC issued data requests in November 2023 to all Planning Coordinators in the Eastern and Western
Interconnections to provide base case updates. Planning Coordinators and Transmission Planners were requested to
review these cases and to supply updates, including:

e New generation — At a minimum, generation with a signed Interconnection Service Agreement was included
in the applicable cases.

e Planned retirements — Generation that has retired or has announced retirement was removed from the
applicable cases.

e Load forecast adjustments — Cases were updated to use the most current load forecasts.

e Resource dispatch — Changes to reflect the most current resource plans were included.

e Facility ratings — Rating changes received, including enhancements since the cases were built, were included
in the cases.

o Expected long-term facility outages — Facilities expected to be out of service were removed from the
applicable cases.

e Transmission system topology updates — Changes to topology, including new facility construction, were
included in the cases.

e Base transfers (interchange) — New or updated firm transfers were accounted for in the cases.

Contingencies

The transfer analysis simulated contingencies, namely the unplanned outage of system elements, to ensure that the
system would remain reliable during the energy transfer. The following NERC Reliability Standard TPL-001-5.11°
category P1 contingencies (100kV and above) were used for the transfer studies, namely:

e P1-1: Loss of individual generators,
e P1-2: Loss of a single transmission line operating at 100 kV or above, and
e P1-3: Loss of a single transformer with a low-side voltage of 100 kV or above

All contingencies meeting the above criteria within the source and sink TPRs were included in each transfer study,
along with all contingencies within five buses from either the source or sink TPR.

% MOD-032-1 (nerc.com)
100 TPL-001-5.1 {nerc.com)
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Monitored Facilities and Thresholds

Facility monitoring criteria and thresholds were established to prevent undue limitation of transfer capability results
based on heavily loaded, electrically distant elements. These practices followed industry-accepted methods to ensure
that transmission facilities only minimally participating in an interregional transfer do not artificially constrain the
transfer limits. Additional detail regarding these criteria can be found in the Part 1 scoping document.'® Some entities
performed additional studies while monitoring lower voltage facilities to ensure there were no significant differences.

Modeling of Transfer Participation

Transfers were simulated by scaling up the available generation in the source TPR in proportion to each unit’s
remaining availability, namely the difference between maximum generating capacity {Pmax) and its modeled output
(Pgen), while scaling down the generation in the sink TPR proportional to its modeled output. Each transfer was
simulated until a valid thermal limit was reached while enforcing the source system’s maximum generation capacity.
If the transfer did not report any transfer limits, meaning that the source TPR was resource-limited, the transfer was
repeated without enforcing the source TPR’s maximum generation capacity. Invalid limits, such as overloads on
generating plant outlets due to not respecting these Puax values, were ignored.

Special Interface Considerations

Several interfaces have known operating procedures or other special circumstances. In many cases, these are
remedial action schemes and/or flow control devices (e.g., phase angle regulators (PAR) or dc lines). The project team
worked closely with industry subject matter experts to ensure that these situations were fully understood and
properly reflected in the study results.

Power flows over dc lines do not change during transfer analysis; however, these lines are typically designed to carry
large quantities of energy over long distances and across asynchronous Interconnections. Where an interface consists
solely of dc tie lines, the TTC was calculated as the sum of the dc tie line ratings except where limitations on the ac
system near the dc terminals were known to be more restrictive. Where an interface includes one or more dc tie lines
as well as ac tie lines, the transfer analysis was conducted with the dc lines at the flow levels in the base cases.

Similarly, many interfaces include one or more PARs. For example, the PJM East to New York Interface is partially
controlled by several PARs. Operating manuals describe how transfers across this interface are controlled, including
the target percentage of flows across each line. This flow distribution was modeled in the base case development
and transfer analysis to reflect the operating agreements between PJM and the New York Independent System
Operator (NYISQ).

Finally, there are several situations where one or more units at a power plant can connect to two different
Interconnections. These units were modeled as provided in the base cases. The associated capacity was not added
to the interface TTC, as this could lead to an overstatement of transfer capability, such as when the units are offline.

101 ITCS Transfer Study Scope Part 1 (nerc.com)
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Chapter 4: Transfer Capability (Part 1) Study Results

TTC results are highly dependent on the precise operating conditions, including dispatch, topology, load patterns,
and facility ratings. This study did not attempt to optimize dispatch or topology to maximize TTC values. Observed
transfer capability may be higher or lower depending on the operational conditions.

Results are presented by Interconnection for each season, proceeding from west to east as follows:

Western Interconnection Results

Western — Eastern Interconnection Results
ERCOT - Eastern Interconnection Results
Eastern Interconnection Results

Québec - Eastern Interconnection Results

Within the Western and Eastern Interconnections, results are generally presented from west to east, then north to
south. A list of the interfaces and their ordering is included at the outset of each section.

The ITCS also analyzed an additional set of transfers into each TPR. These Total Import Interface Results reflect the
simultaneous transfer limits into a TPR from all its neighbors.

Finally, the ITCS analyzed an additional set of transfers between areas defined in FERC's Order 1000. While these
larger geographic areas were not used for the purpose of determining prudent additions, the Supplemental Results
Between Order 1000 Areas are provided for completeness.
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Western Interconnection Results

TTC results for the following interfaces are presented in this section:

Interface W1:
: Washington <-> Oregon
Interface W3:
Interface W4:
Interface W5:
Interface W6:
Interface W7:
Interface W8:
Interface W9:

Interface W2

British Columbia -> Washington

Washington <-> Wasatch Front
Oregon <-> California North

Oregon <-> Wasatch Front
California North <-> California South
California North <-> Wasatch Front
California South <-> Wasatch Front
California South <-> Southwest

Interface W10: Alberta -> Wasatch Front

Interface W11: Wasatch Front <-> Southwest
Interface W12: Wasatch Front <-> Front Range
Interface W13: Southwest <-> Front Range

Interface W14: Oregon <-> California South (dc-only)

The interface between British Columbia and Alberta will be covered in the Canadian Analysis.

The TTC results in this study, which are based on a combination of source and sink TPRs, may differ from the path
ratings that have been established throughout the Western Interconnection. Path ratings examine a specific subset
of facilities, whereas this study method considers all facilities connecting the source and sink TPRs, including third-
party connections.

Figure 4.1 depicts the calculated transfer capabilities for the 2024 Summer case. Figure 4.2 similarly depicts the
results from the 2024/25 Winter case.

Transfer Capability

E] 11,999 MW

2,000-3,998 MW

Total Import Capability
1,000 MW

4,000~5,985 MW
€,000-7,999 MW
8,000-8,99% MW

10,000+ MW

Not Part of Study
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Figure 4.1: Transfer Capabilities for Western Interconnection Interfaces (Summer)

Transfer Capability
[:] 1-1,999 MW

- ,000-3,999 MW
,000-5,999 MW
,000-7,999 MW

,000-9,999 MW

10,000+ MW

1,000 MW

5,000 MW

10,000+ MW

Not Part of Study

Figure 4.2: Transfer Capabilities for Western Interconnection Interfaces (Winter)

Interface W1: British Columbia -> Washington

Interface Direction 2024 Summer 2024/25 Winter

British Columbia -> Washington 2,358 MW 2,170 MW
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Interface W2: Washington <-> Oregon

4 Summer 2024/25 Winter
Washington -> Oregon 7,085 MW 7,496 MW
Oregon -> Washington 4,103 MW 2,713 MW
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Interface W3: Washington <-> Wasatch Front

Interface Direction 2024 Summer 2024/25 Winter
Washington -> Wasatch Front 1,925 MW 4,498 MW
Wasatch Front -> Washington 7,377 MW 7,030 MW

Interface W4: Oregon <-> California North

Interface Direction 2024 Summer 2024/25 Winter
Oregon -> California North 3,972 MW 6,175 MW
California North -> Oregon 0 MW 2,548 MW

Explanatory Note: Flows from south to north (California North to Oregon) are not typical under summer peak
conditions, and generation dispatch optimization would be required to reverse the flows. Previous studies have
shown a south to north transfer of ~3,675 MW.
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Interface W5: Oregon <-> Wasatch Front

Interface Direction 2024 Summer 2024/25 Winter
Oregon -> Wasatch Front 2,525 MW 5,339 MW
Wasatch Front -> Oregon 4,748 MW 5,079 MW

Interface W6: California North <-> California South

Interface Direction 2024 Summer 2024/25 Winter
California North -> California South 4,647 MW 5,676 MW
California South -> California North 0 MW 3,861 MW

Explanatory Note: Flows from south to north (California South to California North) are not typical under summer
peak conditions, and generation dispatch optimization would be required to reverse the flows. Previous studies have
shown a south to north transfer of ~3,000 MW.
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Interface W7: California North <-> Wasatch Front

024 Summer 2024/25 Winter
California North -> Wasatch Front 1,961 MW 4,980 MW
Wasatch Front -> California North 116 MW 5,388 MW

Interface WS8: California South <-> Wasatch Front

Interface ection 2024 Summer 2024/25 Winter
California South -> Wasatch Front 5,965 MW 984 MW
Wasatch Front -> California South 5,419 MW 5,568 MW
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Interface W9: California South <-> Southwest

Interface Directiol 2024 Summer 2024 /25 Winter
California South -> Southwest 5,247 MW 8,470 MW
Southwest -> California South 7,667 MW 8,752 MW

Interface W10: Alberta -> Wasatch Front

Interface Direction 2024 Summer 2024/25 Winter

Alberta -> Wasatch Front 957 MW 1,280 MW
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Interface W11: Wasatch Front <-> Southwest

024 Summer 2024/25 Winter
Wasatch Front -> Southwest 2,351 MW 2,095 MW
Southwest -> Wasatch Front 5,821 MW 1,295 MW

Interface W12: Wasatch Front <-> Front Range

Interface ection 2024 Summer 2024/25 Winter
Wasatch Front -> Front Range 2,032 MW 1,984 MW
Front Range -> Wasatch Front 2,437 MW 477 MW
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Interface W13: Southwest <-> Front Range

024 Summer 2024/25 Winter
Southwest -> Front Range 3,284 MW 3,751 MW
Front Range -> Southwest oMW 0 MW

Interface W14: Oregon <-> California South

Special Information: dc-only interface

Interface Direction 2024 Summer 2024/25 Winter
Oregon -> California South 3,220 MW 3,220 MW
California South -> Qregon 3,100 MW 3,100 MW
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Western — Eastern Interconnection Results

TTC results for the following interfaces are presented in this section:

Interface WE1: Wasatch Front <-> SPP North (dc-only}
Interface WE2: Front Range <-> SPP North (dc-only)
Interface WE3: Front Range <-> SPP South (dc-only)

The interface between Alberta and Saskatchewan will be covered in the Canadian Analysis.

Figure 4.3 depicts the calculated transfer capabilities for the 2024 Summer case. Figure 4.4 similarly depicts the
results from the 2024/25 Winter case.

Transfer Capability

[:] 11,999 MW

2,000-3,999 MW

4,000-5,999 MW
6,000-7,999 MW

8,000-9,993 MW

10,000+ MW

Total Import Capability
1,000 MW

5,000 MW

10,000+ MW

| Not Part of Study

Figure 4.3: Transfer Capability Between Western and Eastern Interconnections (Summer)
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Transfer Capability

i 11,999 MW

2,000-3,999 MW
4,000-5,999 MW
6,000~7,999 MW
8,000-9,999 MW

10,000+ MW

Total Import Capability
1,000 MW

{ 5,000 MW

16,000+ MW

| Not Part of Study

Figure 4.4: Transfer Capability Between Western and Eastern Interconnections (Winter)
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Interface WE1: Wasatch Front <-> SPP North

Special Information: dc-only interface

024 Summer 2024/25 Winter
Wasatch Front -> SPP North 150 MW 150 MW
SPP North -> Wasatch Front 200 MW 200 MW

Interface WE2: Front Range <-> SPP North

Special Information: dc-only interface

Interface Direction 2024 Summer 2024/25 Winter
Front Range -> SPP North 510 MW 510 MW
SPP North -> Front Range 510 MW 510 MW
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Interface WE3: Front Range <-> SPP South

Special Information: dc-only interface

2024 Summer 2024/25 Winter
Front Range -> SPP South 410 MW 410 MW

SPP South -> Front Range 410 MW 410 MW
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ERCOT — Eastern Interconnection Results

TTC results for the following interface are presented in this section:

Interface TE1: ERCOT <-> SPP South (dc-only)

Figure 4.5 depicts the calculated transfer capabilities for the 2024 Summer case. Figure 4.6 similarly depicts the
results from the 2024/25 Winter case.

Transfer Capability

I:} 11,999 MW

2,000~3,999 MW
4,000-5,999 MW
6,000~7,999 MW
8,000~-9,999 MW

10,000+ MW

Total Import Capability
] 1,000 MW

5,000 MW

10,000+ MW

Not Part of Study

Figure 4.5: Transfer Capability Between ERCOT and Eastern Interconnections (Summer)
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Transfer Capability

[:] 11,999 MW

2,000~3,998 MW
4,000-5,999 MW
6,000-7,999 MW

8,000~9,999 MW

10,000+ MW

Total Import Capability
1,000 MW

10,000+ MW

Not Part of Study

\\ y ﬁ\r‘

%

Figure 4.6: Transfer Capability Between ERCOT and Eastern Interconnections (Winter)
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Interface TE1: ERCOT <-> SPP South

Special Information: dc-only interface

024 Summer 2024/25 Winter
ERCOT -> SPP South 820 MW 820 MW

SPP South -> ERCOT 820 MW 820 MW
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Eastern Interconnection Results

TTC results fo

Interface E1:
Interface E2:
Interface E3:
Interface E4:
Interface E5:
Interface E6:
Interface E7:
Interface E8:
Interface E9:

Interface E10:
Interface E11:
Interface E12:
Interface E13:
Interface E14:
Interface E15:
Interface E16:
Interface E17:
Interface E18:
Interface E19:
Interface E20:
Interface E21:
Interface E22:
Interface E23:
Interface E24:
Interface E25:
Interface E26:
Interface E27:
Interface E28:
Interface E29:
Interface E30:
Interface E31:
Interface E32:
Interface E33:
Interface E34:
Interface E35:
Interface E36:

r the following interfaces are presented in this section:

Saskatchewan -> SPP North

SPP North <-> SPP South

SPP North <-> SERC Central

SPP North <-> MISO West

SPP South <-> MISO West

SPP South <-> MISO Central

SPP South <-> SERC Central

SPP South <-> MISO South
Manitoba -> MISO West

Ontario -> MISO West

MISO West <-> MISO East (dc-only)
MISO West <-> PJM West

MISO West <-> MISO Central
MISO West <-> SERC Central
MISO Central <-> MISO East
MISO Central <-> PJM West
MISO Central <-> SERC Central
MISO Central <-> MISO South
MISO South <-> SERC Central
MISO South <-> SERC Southeast
Ontario -> MISO East

MISO East <-> PJM West

SERC Central <-> PJM West
SERC Central <-> SERC East
SERC Central <-> SERC Southeast
SERC Southeast <-> SERC Florida
SERC Southeast <-> SERC East
SERC East <->PJM West

SERC East <-> PJM South

PJM West <-> PJM East

PJM West <-> PJM South

PJM East <-> PJM South

PJM East <-> New York

Ontario -> New York

New York <-> New England
Maritimes -> New England

Interfaces between Saskatchewan and Manitoba and between Manitoba and Ontario will be covered in the Canadian

Analysis.

Figure 4.7 depicts the calculated transfer capabilities for the 2024 Summer case. Figure 4.8 similarly depicts the

results from t

he 2024/25 Winter case.
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§ Transfer Capability

# [ ] a-1e0mw

| 2,000-3,999 MW

4,000-5,995 MW

6,000~7,993 MW

Total import Capability
1,000 MW

5,000 MW

10,000+ MW

Not Part of Study

Figure 4.7: Transfer Capabilities of Eastern Interconnection Interfaces (Summer)
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Transfer Capability

E:} 1-1,999 MW

2,000~3,999 MW

4,000-5,999 MW

6,000-7,999 MW

8,000~9,999 MW

10,000+ MW

Total Import Capability
1,000 MW

5,000 MW

10,000+ MW

i Not Part of Study
Figure 4.8: Transfer Capabilities of Eastern Interconnection Interfaces (Winter)
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Interface E1: Saskatchewan -> SPP North

Interface Direction 2024 Summer 2024/25 Winter
Saskatchewan -> SPP North 165 MW 663 MW

Interface E2: SPP North <-> SPP South

Interface ection 2024 Summer 2024/25 Winter
SPP North -> SPP South 1,501 MW 1,785 MW
SPP South -> SPP North 1,705 MW oMW

Explanatory Note: Under the studied winter peak conditions, transfers from SPP South to SPP North were limited by
a constraint that will be relieved by a new construction project expected to be in-service in late 2024 or early 2025.
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Interface E3: SPP North <-> SERC Central

SPP Narth -> SERC Central

2024 Summer
128 MW

2024/25 Winter
1,102 MW

SERC Central -> SPP North

1,183 MW

oMW

Explanatory Note: Under the studied winter peak conditions, transfers from SERC Central to SPP North were limited
by a constraint that will be relieved by a new construction project expected to be in-service in late 2024 or early 2025.

Interface E4: SPP North <-> MISO West

Interface Direction
SPP North -> MISO West

2024 Summer
623 MW

2024/25 Winter
778 MW

MISO West -> SPP North

2,209 MW

oMW

Explanatory Note: Under the studied winter peak conditions, transfers from MISO West to SPP North were limited
by a constraint that will be relieved by a new construction project expected to be in-service in late 2024 or early 2025.
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Interface E5: SPP South <-> MISO West

024 Summer 2024/25 Winter
SPP South -> MISO West 3,323 MW 1,196 MW
MISO West -> SPP South 2,086 MW 3,801 MW

Interface E6: SPP South <-> MISO Central

Interface ection 2024 Summer 2024/25 Winter
SPP South -> MISO Central 2,481 MW 2,420 MW
MISO Central -> SPP South 3,873 MW 5,635 MW
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Interface E7: SPP South <-> SERC Central

24 Summer 2024/25 Winter
SPP South -> SERC Central 859 MW 5,591 MW
SERC Central -> SPP South 5,042 MW 6,445 MW

Interface E8: SPP South <-> MISO South

Interface ection
SPP South -> MISO South

2024 Summer
4,295 MW

2024/25 Winter
4,336 MW

MISO South -> SPP South

3,033 MW

3,878 MW
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Interface E9: Manitoba -> MISO West

Interface Direction 2024 Summer 2024/25 Winter
Manitoba -> MISO West 3,772 MW 3,633 MW

Interface E10: Ontario -> MISO West

Interface Direction 2024 Summer 2024/25 Winter

Ontario -> MISO West 2,424 MW 1,862 MW
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Interface E11: MISO West <-> MISO East

Special Information: dc-only interface

024 Summer
MISO West -> MISO East 160 MW

2024/25 Winter
160 MW

MISO East -> MISO West 160 MW

160 MW

Interface E12: MISO West <-> PIJM West

Interface Direction 2024 Summer 2024/25 Winter
MISO West -> PJM West 2,518 MW 8,011 MW
PIM West -> MISO West 7,791 MW 9,086 MW
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Interface E13: MISO West <-> MISO Central

Interface Direction 2024 Summer 2024/25 Winter
MISO West -> MISO Central 6,199 VMW 7,306 MW
MISO Central -> MISO West 7,602 MW 7,341 MW

Interface E14: MISO West <-> SERC Central

Interface Direction 2024 Summer 2024/25 Winter
MISO West -> SERC Central 150 MW 4,141 MW
SERC Central -> MISO West 3,671 MW 6,877 MW
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Interface E15: MISO Central <-> MISO East

Interface Direction 2024 Summer 2024/25 Winter
MISO Central -> MISO East 4,864 MW 5,585 MW
MISO East -> MISO Central 6,344 MW 6,531 MW

Interface E16: MISO Central <-> PJM West

Interface Direction 2024 Summer 2024/25 Winter
MISO Central -> PJM West 6,572 MW 10,790 MW
PIJM West -> MISO Central 6,986 MW 20,449 MW
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Interface E17: MISO Central <-> SERC Central

Interface Direction 2024 Summer 2024/25 Winter
MISO Central -> SERC Central 235 MW 3,903 MW
SERC Central -> MISO Central 8,288 MW 8,441 MW

Interface E18: MISO Central <-> MISO South

Interface Direction 2024 Summer 2024/25 Winter
MISO Central -> MISO South 1,797 MW 4,067 MW
MISO South -> MISO Central 2,117 MW 1,093 MW
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Interface E19: MISO South <-> SERC Central

024 Summer 2024/25 Winter
MISO South -> SERC Central 2,468 MW 1,361 MW
SERC Central -> MISO South 1,457 MW 3,342 MW

Interface E20: MISO South <-> SERC Southeast

Interface Direction 2024 Summer 2024/25 Winter
MISO South -> SERC Southeast 3,600 MW 3,392 MW
SERC Southeast -> MISO South 1,638 MW 4,028 MW
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Interface E21: Ontario -> MISO East

Interface Direction 2024 Summer 2024/25 Winter
Ontario -> MISO East 2,348 MW 1,649 MW

Interface E22: MISO East <-> PJM West

Interface Direction 2024 Summer 2024/25 Winter
MISO East -> PJM West 5,603 MW 5,940 MW
PJM West -> MISO East 4,345 MW 5,608 MW
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Interface E23: SERC Central <-> PIJIM West

Interface Direction 2024 Summer 2024/25 Winter
SERC Central -> PIM West 6,646 MW 6,710 MW
PJM West -> SERC Central 5,444 MW 5,786 MW

Interface E24: SERC Central <-> SERC East

Interface Direction 2024 Summer 2024/25 Winter
SERC Central -> SERC East 2,419 MW 3,311 MW
SERC East -> SERC Central 3,257 MW 2,675 MW
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Interface E25: SERC Central <-> SERC Southeast

2024 Summer 2024/25 Winter
SERC Central -> SERC Southeast 1,095 MW 5,387 MW
SERC Southeast -> SERC Central 6,579 MW 4,639 MW

Interface E26: SERC Southeast <-> SERC Florida

Interface Direction 2024 Summer 2024/25 Winter
SERC Southeast -> SERC Florida 2,958 MW 1,807 MW
SERC Florida -> SERC Southeast 1,322 MW 0 MW

Explanatory Note: Flows from South to North (SERC Florida to SERC Southeast} are not typical under winter peak
conditions.
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Interface E27: SERC Southeast <-> SERC East

terface Directio 24/25 Winter
SERC Southeast -> SERC East 2,397 MW 3,669 MW
SERC East -> SERC Southeast 1,703 MW 3,536 MW

Interface E28: SERC East <-> PJM West

Interface Direction 2024 Summer 2024/25 Winter
SERC East -> PJM West 5,185 MW 4,448 MW
PJM West -> SERC East 5,318 MW 4,286 MW
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Interface E29: SERC East <-> PJM South

Interface Direction 2024 Summer 24/25 Winter
SERC East -> PJM South 4,596 MW 4,963 MW
PJM South -> SERC East 4,665 MW 5,463 MW

Interface E30: PJM West <-> PJM East

Interface Direction 2024 Summer 2024/25 Winter
PJM Waest -> PJM East 4,762 MW 9,815 MW
PJM East -> PJM West 1,443 MW 166 MW
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Interface E31: PIM West <-> PJM South

Interface Direction 2024 Summer 24/25 Winter
PIM West -> PJM South 7,041 MW 9,035 MW
PJM South -> PJIM West 5,347 MW 10,942 MW

Interface E32: PJM East <-> PIJM South

Interface Direction 2024 Summer 2024/25 Winter
PJM East -> PJM South 5,094 MW 6,770 MW
PJM South -> PJM East 1,605 MW 4,166 MW
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Interface E33: PIJM East <-> New York!2

Interface Direction 2024 Summer 2024/25 Winter
PJM East -> New York 1,356 MW 4,814 MW
New York -> PJM East 913 MW 4,019 MW

Interface E34: Ontario -> New York

Interface Direction 2024 Summer 2024/25 Winter

Ontario -> New York 2,286 MW 2,719 MW

102 power flow cases used to calculate these TTC values reflected the operating agreements between PJM and the New York Independent
Systemn Operator (NYISO).
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Interface E35: New York <-> New England

Interface Direction 2024 Summer 2024/25 Winter
New York -> New England 1,303 MW 2,432 MW
New England -> New York 1,660 MW 1,359 MW

Interface E36: Maritimes -> New England

Interface Direction 2024 Summer 2024/25 Winter

Maritimes -> New England 1,127 MW 1,265 MW
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Québec — Eastern Interconnection Results

TTC results for the following interfaces are presented in this section:

Interface QE1: Québec -> New York (dc-only)
Interface QE2: Québec -> New England (dc-only)

Interfaces between Québec and Ontario and between Québec and the Maritimes will be covered in the Canadian
Analysis.

Figure 4.9 depicts the calculated transfer capabilities for the 2024 Summer case. Figure 4.10 similarly depicts the
results from the 2024/25 Winter case.

Transfer Capability

[::] 1-1,999 MW

2,000-3,999 MW
4,000~5,999 MW
6,000-7,983 MW
8,000--9,99% MW

10,000+ MW

Total Import Capability
1,000 MW

5,000 MW

10,000+ MW

Not Part of Study

Figure 4.9: Transfer Capability Between Québec and Eastern Interconnections (Summer)
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Transfer Capability

| 1-1,999 MW

2,000~3,999 MW
4,000-5,999 MW
6,000-7,999 MW

8,000-9,999 MW

10,000+ MW

Total Import Capability
1,000 MW

5,000 MW

10,000+ MW

Not Part of Study

Figure 4.10: Transfer Capability Between Québec and Eastern Interconnections (Winter)
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Interface QE1: Québec -> New York

Special Information: dc-only interface

Interface Direction 2024 Summer 2024/25 Winter
Québec -> New York 1,000 MW 1,000 MW

Interface QE2: Québec -> New England

Special Information: dc-only interface

Interface Direction 2024 Summer 2024/25 Winter

Québec -> New England 2,225 MW 2,225 MW

Total Import Interface Results

The ITCS also analyzed an additional set of transfers into each TPR. These total import interfaces analyze the
simultaneous transfers into a TPR from all its neighbors. In instances where the calculated total import interface
transfer capability was lower than that from any neighboring TPR, the highest neighbor-to-neighbor results were
reported to avoid understating the total import capability. The definitions of these interfaces exclude connections via
dc-only interfaces, which can typically be scheduled independently. TTC results for the following interfaces are
presented in this section:

Interface WTIO1: Into Washington
Interface WTI02: Into Oregon
Interface WTIO03: Into California North
Interface WTI04: Into California South
Interface WTIO05: Into Wasatch Front
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Interface WTI06: Into Southwest
Interface WTI07: Into Front Range

Interface ETIO1:
Interface ETI02:
Interface ETIO3:
Interface ETIO4:
Interface ETIO5:
Interface ETIO6:
Interface ETIO7:
Interface ETIO8:
Interface ETI09:
Interface ETI10:
Interface ETI11:
Interface ETI12:
Interface ETI13:
Interface ETI14:
Interface ETI15:

Into SPP North
Into SPP South
Into MISO West
Into MISO Central
Into MISO South
Into MISO East
Into SERC Central
Into SERC Southeast
Into SERC Florida
Into SERC East
Into PJM West
Into PJM East
Into PJM South
Into New York
Into New England
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Interface WTIQ1: Into Washington

024 Summer 2024/25 Winter

Into Washington TTC 7,377 MW?103 10,297 MW
43% 50%

Percentage of Peak Load

Interface WTIO02: Into Oregon

Interface ection 2024 Summer 2024/25 Winter
Into Oregon TTC 8,004 MW 7,534 MW
dc-only interfaces 3,100 MW 3,100 MW
Total of TTC and dc-only interfaces 11,104 MW 10,634 MW
Percentage of Peak Load 92% 89%

103 yvalue is from the Wasatch Front to Washington interface, as the total import interface calculation was more limiting.
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Interface WTIO03: Into California North

Into California North TTC

024 Summer
3,972 Mw04

2024/25 Winter
6,631 MW

Percentage of Peak Load

14%

29%

Interface WTIO4: Into California South

Interface ection 2024 Summer 2024/25 Winter

Into California South TTC 7,829 MW 11,288 MW

dc-only interfaces 3,220 MW 3,220 MW

Total of TTC and dc-only interfaces 11,049 MW 14,508 MW
28% 69%

Percentage of Peak Load

10% value is from the Oregon to California North interface, as the total import interface calculation was more limiting.
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Interface WTIO5S: Into Wasatch Front

2024 Summer 2024/25 Winter

Into Wasatch Front TTC 5,965 Mw10> 5,558 MW
dc-only interfaces 200 MW 200 MW
Total of TTC and dc-only interfaces 6,165 MW 5,758 MW
Percentage of Peak Load 23% 35%

Interface WTIO06: Into Southwest

erface Direc 2024 Summer 2024/25 Winter
Into Southwest TTC 5,247 Mw10¢ 8,470 MW7
Percentage of Peak Load 22% 66%

105 yalue is from the California South to Wasatch Front interface, as the total import interface calculation was more limiting.
106 yalue is from the California South to Southwest interface, as the total import interface calculation was more limiting.
197 value is from the California South to Southwest interface, as the total import interface calculation was more limiting.
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Interface WTIO7: Into Front Range

2024 Summer 2024/25 Winter

Into Front Range TTC 3,284 MW?108 3,751 Mw 1%
dc-only interfaces 920 MW 920 MW
Total of TTC and dc-only interfaces 4,204 MW 4,671 MW
Percentage of Peak Load 21% 30%

108 value is from the Southwest to Front Range interface, as the total import interface calculation was more limiting.
109 value is from the Southwest to Front Range interface, as the total import interface calculation was more limiting.
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Interface ETIO01: Into SPP North

2024 Summer 2024/25 Winter

Into SPP North TTC 2,209 MWw?1° 663 MW
dc-only interfaces 660 MW 660 MW
Total of TTC and dc-only interfaces 2,869 MW 1,323 MW
Percentage of Peak Load 21% 11%

Interface ETIO02: Into SPP South

terface Directi 2024 Summer 2024/25 Winter

Into SPP South TTC 5,042 Mw112 6,445 MW1!13
dc-only interfaces 1,230 MW 1,230 MW
Total of TTC and dc-only interfaces 6,272 MW 7,675 MW
Percentage of Peak Load 13% 20%

110 value is from the MISO West to SPP North interface, as the total import interface calculation was more limiting.
1 yalue is from the Saskatchewan to SPP North interface, as the total import interface calculation was more limiting.
112 Value is from the SERC Central to SPP South interface, as the total import interface calculation was more limiting.
113 yvalue is from the SERC Central to SPP South interface, as the total import interface calculation was more limiting.
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Interface ETI03: Into MISO West

2024 Summer 2024/25 Winter

Into MISO West TTC 7,791 Mw?4 9,086 Mw11>
dc-only interfaces 160 MW 160 MW
Total of TTC and dc-only interfaces 7,951 MW 9,246 MW
Percentage of Peak Load 19% 26%

Interface ETI04: Into MISO Central

erface Direc 2024 Summer 2024/25 Winter
Into MISO Central TTC 12,714 MW 20,449 MW1o
Percentage of Peak Load 35% 63%

114 yalue is from the PJIM West to MISO West interface, as the total import interface calculation was more limiting.
115 Value is from the PJM West to MISO West interface, as the total import interface calculation was more limiting.
115 value is from the PJM West to MISO Central interface, as the total import interface calculation was more limiting.
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Interface ETIO5: Into MISO South

2024 Summer 2024/25 Winter

Into MISO South TTC 4,295 MW7 4,336 Mw!18
13%

Percentage of Peak Load 12%

Interface ETIO06: Into MISO East

Interface Direction 2024 Summer 2024/25 Winter
Into MISO East TTC 5,139 MW 7,019 MW
dc-only interfaces 160 MW 160 MW
Total of TTC and dc-only interfaces 5,299 MW 7,179 MW
Percentage of Peak Load 25% 44%

117 Value is from the SPP South to MISO South interface, as the total import interface calculation was more limiting.
118 yvalue is from the SPP South to MISO South interface, as the total import interface calculation was more limiting.
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Interface ETIO7: Into SERC Central

024 Summer 2024/25 Winter
Into SERC Central TTC 6,878 MW 8,443 MW
Percentage of Peak Load 15% 18%

Interface ETI08: Into SERC Southeast

Interface ection 2024 Summer 2024/25 Winter
Into SERC Southeast TTC 4,900 MW 6,525 MW
Percentage of Peak Load 11% 15%
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Interface ETI09: Into SERC Florida

terface Directiol 24/25 Winter
Into SERC Florida TTC 2,958 MW 1,807 MW
Percentage of Peak Load 6% 1%

Interface ETI10: Into SERC East

Interface Direction 2024 Summer 2024/25 Winter
Into SERC East TTC 6,959 MW 5,463 Mw!*®
Percentage of Peak Load 16% 12%

119 value is from PJM South to SERC East interface, as the total import interface calculation was more limiting.
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Interface ETI11: Into PIM West

024 Summer 2024/25 Winter
Into PJM West TTC 21,773 MW 10,942 Mw1?0
Percentage of Peak Load 28% 16%

Interface ETI12: Into PIM East

Interface Direction 2024 Summer 2024/25 Winter
Into PJM East TTC 4,762 Mw** 9,815 Mw!*
Percentage of Peak Load 11% 28%

120 yalue is from the PJM South to PJM West interface, as the total import interface calculation was more limiting.
121 Value is from the PJM West to PJIM East interface, as the total import interface calculation was more limiting.
122 yvalue is from the PJM West to PJM East interface, as the total import interface calculation was more limiting.
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Interface ETI13: Into PIM South

Interface Direction 2024 Summer 2024/25 Winter
Into PJM South TTC 9,578 MW 9,035 Mw1%#
Percentage of Peak Load 28% 27%

Interface ETI14: Into New York

Interface ection 2024 Summer 2024/25 Winter
Into New York TTC 2,802 MW 4,814 MW
dc-only interfaces 1,000 MW 1,000 MW
Total of TTC and dc-only interfaces 3,802 MW 5,814 MW
Percentage of Peak Load 12% 24%

123 Value is from the PJM West to PJM South interface, as the total import interface calculation was more limiting.
124+ value is from the PJM East to New York interface, as the total import interface calculation was more limiting.
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Interface ETI15: Into New England

Interface Direction 2024 Summer 2024/25 Winter
Into New England TTC 2,313 MW 3,033 MW
dc-only interfaces 2,225 MW 2,225 MW
Total of TTC and dc-only interfaces 4,538 MW 5,258 MW
Percentage of Peak Load 19% 25%




105890 Federal Register/Vol. 89, No. 248/Friday, December 27, 2024/ Notices

Supplemental Results Between Order 1000 Areas

The ITCS analyzed an additional set of transfers between areas defined in FERC’s Order 1000 (see Figure 4.11). While

these larger geographic areas were not be used for the purpose of determining prudent

additions, the current

transfer capability results are provided for completeness. While the Los Angeles Department of Water & Power
(LADWP) is part of WestConnect, for the purposes of this study, LADWP was included as part of CAISO due to its
geographic location within California. Where results were previously presented, they are not repeated here. TTC

results for the following interfaces are presented in this section:

Interface W1001: British Columbia -> Northern Grid
Interface W1002: Alberta -> Northern Grid
Interface W1003: Northern Grid <-> California ISO
Interface W1004: Northern Grid <-> West Connect
Interface W1005: California ISO <-> West Connect
Interface E1001: Saskatchewan -> SPP

Interface E1002: SPP <-> MISO

Interface E1003: SPP <-> SERTP

Interface E1004: Manitoba -> MISO

Interface E1005: Ontario -> MISO

Interface E1006: MISO <-> PJM

Interface E1007: MISO <-> SERTP

Interface E1008: SERTP <-> PJM

Interface E1009: SERTP <-> SCRTP

Interface E1010: SERTP <-> FRCC

Interface E1011: PJM <-> New York
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Figure 4.11: Areas Defined in FERC Order 1000'%5

25 An electronic version of this map can be found here (ferc.gov)
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Interface W1001: British Columbia -> Northern Grid

Interface Direction

British Columbia -> Northern Grid

2024 Summer
2,435 MW

2024/25 Winter
2,164 MW

Interface W1002: Alberta -> Northern Grid

Interface Direction
Alberta -> Northern Grid

2024 Summer
981 MW

2024/25 Winter
1,286 MW

Interface W1003: Northern Grid <-> California ISO

Interface Direction
Northern Grid -> California ISO

2024 Summer
4,140 MW

2024/25 Winter
8,705 MW

Califarnia ISO -> Northern Grid

1,985 MW

5,208 MW

Interface W1004: Northern Grid <-> West Connect

Interface Direction

Northern Grid -> West Connect

2024 Summer
2,842 MW

2024/25 Winter
3,326 MW

West Connect -> Northern Grid

5,710 MW

1,865 MW

Interface W1005: California ISO <-> West Connect

Interface Direction

Califarnia I1SO -> West Cannect

2024 Summer
2,534 MW

2024/25 Winter
2,375 MW

West Connect -> California ISO

2,967 MW

3,912 MW
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Interface E1001: Saskatchewan -> SPP

Interface Direction

Saskatchewan -> SPP

2024 Summer
0 MW

2024/25 Winter
665 MW

Interface E1002: SPP <-> MISO

Interface Direction
SPP -> MISO

2024 Summer
7,058 MW

2024/25 Winter
1,513 MW

MISO -> SPP

5,308 MW

6,403 MW

Interface E1003: SPP <-> SERTP

Interface Direction
SPP -> SERTP

2024 Summer
4,857 MW

2024/25 Winter
2,814 MW

SERTP -> SPP

2,822 MW

6,324 MW

Interface E1004: Manitoba -> MISO

Interface Direction
Manitoba -> MISO

2024 Summer
3,058 MW

2024/25 Winter

3,058 MW

Interface E1005: Ontario -> MISO

Interface Direction
Ontario -> MISO

2024 Summer
2,419 MW

2024/25 Winter
1,834 MW

Interface E1006: MISO <-> PJM

Interface Direction

2024 Summer

2024/25 Winter

MISO -> PJM

5,583 MW

12,552 MW

PJM -> MISO

9,146 MW

10,771 MW

Interface E1007: MISO <-> SERTP

Interface Direction

2024 Summer

2024/25 Winter

MISO -> SERTP

6,976 MW

9,543 MW

SERTP -> MISO

0 MW

9,801 MW
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Interface E1008: SERTP <-> PIM

Interface Direction
SERTP -> PJM

2024 Summer
8,609 MW

2024/25 Winter
9,782 MW

PJM -> SERTP

7,704 MW

7,905 MW

Interface E1009: SERTP <-> SCRTP

Interface Direction
SERTP -> SCRTP

2024 Summer
1,767 MW

2024/25 Winter
1,948 MW

SCRTP -> SERTP

2,415 MW

2,335 MW

Interface E1010: SERTP <-> FRCC

Interface Direction
SERTP -> FRCC

2024 Summer
2,918 MW

2024/25 Winter
1,803 MW

FRCC -> SERTP

1,058 MW

oMW

Interface E1011: PJM <-> New York!2¢

Interface Direction

2024 Summer

2024/25 Winter

PJM -> New York

635 MW

858 MW

New York -> PJIM

3,136 MW

3,394 MW

125 power flow cases used to calculate these TTC values reflected the operating agreements between PJM and the New York Independent

System Operator (NYISO).
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Chapter 5: Prudent Additions (Part 2) Inputs

Selected Weather Years

Part 2 used a two-pronged approach for inputs and assumptions to study a variety of conditions across 12 different
weather years. This approach combined synthetic, modeled datasets from 2007 to 2013'%” with historical, actual data
from 2019%28 to 2023, as shown in Figure 5.1. This combination increased the number of weather years available for
analysis and helped overcome the limitations in both types of datasets.

Synthetic, Modeled Weather Years

Figure 5.1: Two-Pronged Approach for Historical Weather Data
Note: The hourly energy margin analysis did not simulate historical operations, but rather applied historical weather year data to simulate
future grid operations under similar conditions.

The synthetic approach used historical weather data to estimate load and resource availability if those same weather
conditions were to occur again in the future. The historic approach used historical measured data for load, as well as
wind and solar resource output, from recent years and scaled it appropriately to represent future conditions. More
detail on these approaches is shown in Appendix A, including sources from the National Renewable Energy
Laboratory (NREL), the Energy Information Administration (EIA), and FERC forms.

By evaluating all hours of the year across 12 weather years, Part 2 inherently evaluates resource availability, load,
and opportunities for energy transfers between TPRs during both normal and extreme weather over more than
105,000 hours. A list of known extreme weather events embedded in the Part 2 analysis include:

e Intense Florida Cold Wave, 2010

e |ntense Southern Cold Wave, 2011

e Western Wide Area Heat Domes, 2020-2022
e  Winter Storm Uri, 2021

e  Winter Storm Elliott, 2022

s Midwest Wind Drought, 2023

e Waestern and Midwest Heat Waves, 2023

e Northeast Heat Wave, 2023

While using 12 weather years provides a diverse set of extreme
weather conditions to evaluate, it should not be interpreted as  The studied weather years should not be
representative of all possible conditions. If, for example, one TPR interpreted as representative of all

does not show a resource deficiency in the 12 weather years
evaluated, it does not mean that it is robust against all weather
conditions. This is important when considering when and where
resource deficiencies arise and when additional transfer capability can mitigate these risks.

possible extreme weather conditions.

Load Assumptions

A range of load conditions across the grid was studied, time-synchronized and correlated with respect to weather. Of
particular interest is the load, which may be much higher during extreme weather conditions than forecasted in the
2023 LTRA data submissions.’?® A combination of historical load (2019-2023) and synthetic load (2007-2013) was

1272013 is the last year with available National Renewable Energy Laboratory (NREL) Wind Toolkit data.
1282019 is the first full calendar year with available Energy Information Administration (FIA) Form FIA-930 data.
129 The 2023 LTRA can be found here.
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used to capture a range of hourly variability in load for each TPR. Recent historical loads were used to capture recent
weather events and associated load behavior as they occurred, using the EIA 930 hourly demand data. Synthetic loads
were used to supplement the range of load behavior during weather conditions that may not be represented in the
recent five-year history, with the further benefit of isolating electrification impacts and economic growth in the load
profiles. The hourly profiles were then scaled to the LTRA forecasted load on both an energy and seasonal peak basis.
Additional detail on the data source and load scaling done for the load profiles is available in Appendix B.

The overall goal of scaling the weather year profiles was to provide hourly profiles that reflect the varying magnitude
and timing of peak load across each TPR that were scaled to forecasted annual energy and peak demand targets. The
result of the scaling effort maintains the underlying weather variability but increases the overall peak and energy
values to align with the LTRA, maintaining variations in seasonal peak load across weather years. This approach was
reviewed by the ITCS Advisory Group. Tables that show the resulting peak loads are available in Appendix C.

Resource Mix
Resource portfolios for the Part 2 analysis, aligned with the 2023 LTRA, included existing generators, retirements,
Tier 1 resources, and a portion of Tier 2 resource additions to create portfolios for 2024 and 2033.

The LTRA is a NERC assessment of supply and demand on a peak-hour basis, evaluating the winter and summer
seasonal reserve margins for North American areas, considering the expected contribution of each resource type
during the peak load hours. In Part 2 of the ITCS, however, the LTRA resource mix was evaluated across all hours of
the year, and multiple weather years by varying hourly loads and resource supply.

Two study years were the starting points for evaluation in Part 2:

s 2024 Case: Included all existing resources, plus certain retirements and Tier 1 resource additions online by
the summer season, the 2024 peak load, and the annual energy forecast from the LTRA.

e 2033 Case: Included all existing resources, plus certain retirements and Tier 1 resource additions expected
by 2033, the 2033 peak load, and the annual energy forecast from the LTRA. Further, new resources were
added to TPRs that retired capacity in the LTRA by also adding a portion of Tier 2 and Tier 3 resources.

Unit-level information was used to distinguish between fuel types and to map generation capacity to each TPR from
the larger LTRA assessment areas. The analysis considered resource availability across aggregated fuel types,
including natural gas (single fuel and dual-fuel), coal, oil, nuclear, hydro, land-based wind, offshore wind, utility-scale
solar, behind-the-meter solar, pumped storage hydro, and battery storage. It did not perform any unit-specific
modeling but captured variability in resource availability at the aggregate level based on historical performance and
synthetic weather conditions.

Winter and summer seasonal capacity ratings were used to represent installed capacity for each TPR by fuel type,
except for solar and wind resources, where nameplate capacity was used. Using the LTRA winter and summer capacity
ratings for 2024 and 2033 ensures that capacity mixes in Part 2 include retirements and units unavailable for other
reasons in a manner consistent with the LTRA.

Resources were assigned to TPRs based on their geographic locations. Contractual obligations between generation
units and load in a different TPR were not considered. This is an appropriate modeling choice for determining the
amount of transfer capability needed to transfer energy from one TPR to another. As such, energy deficiency as
modeled does not imply that an entity is failing to meet its resource adequacy obligations.

The LTRA generator and load data was aligned to the TPRs used in Part 1 for both existing and future resource
additions. For example, the SPP LTRA assessment area was divided into SPP-N and SPP-S TPRs so that the energy
analysis used the same breakdown as Part 1. Given the differences between resource and transmission planning,
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some resource differences between Part 1 and Part 2 analysis were expected. Additional detail can be found in
Appendix D.

2024 Resource Mix

Figure 5.2 shows the winter capacity of the 2024 resource mix by TPR and type based on the LTRA data forms.
Additional details, including summer resource capacity values, can be found in the TPR-specific tables in Chapter 9.

160

120

Capacity (GW}
oo
o

40

# Demand Response # Battery Storage i Pumped Storage i Distributed Solar
Utility-Scale Solar i Wind @ Hydro W Other
# Nuclear # Oit # Natural Gas # Coal

Figure 5.2: Capacity, Existing + Tier 1 Resources (2024 Case)

2033 Resource Mix

The capacity mix for the 2033 study year required adjustments relative to using the existing plus Tier 1 resources
provided in the LTRA data forms. Tier 1 resources generally represent plants that are under construction or have high
confidence to be online. An initial review revealed that Tier 1 additions are insufficient alone to meet 2033 load
growth expectations because Tier 1 resources are inherently more near-term than the 10-year-out case. However,
review of the Tier 2 and Tier 3 resources, which include less certain and more speculative resource additions, revealed
different application of these tiers across the country. In some cases, the entire generator interconnection queue is
included in these tiers, whereas in other cases, no resources were identified as Tier 2 or 3. This disparity necessitated
a different approach to ensure that the future capacity mix was reasonable and applied in a consistent manner.

To this end, 2033 capacity mixes were developed based on the reported retirements in that TPR and the types of
resources identified in its Tier 2 and 3 lists. If no Tier 2 or 3 resources existed, then Tier 1 was used. The Part 2 study
used this “Replace Retirements” scenario. For every MW of retired certain capacity, an equivalent amount of
accredited capacity was added. Additional detail regarding the 2033 “Replace Retirements” scenario, including the
resulting resource additions, can be found in Appendix E. This approach was reviewed by the ITCS Advisory Group.
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Figure 5.3 shows the 2033 winter capacity mix by TPR and technology type based on the LTRA data forms.

200
160
2
::; 120
8
o
8 8o
40
0
&N X & & » @Q%&O%%%Q\ X D
F SIS S ES Q 0707 0V G 5 S w\\ 3
;%00@<°<‘</<§2Qos%s<z~ ¥ g é\-\\%
. < ) o )
,gii\‘{‘ Qki@%é\;o&?a‘go&% & S %§; FF P <3~ e{\ &S Q q&%
N s TP <u &
B Demand Response i Battery Storage # Pumped Storage i Distributed Solar
Utility-Scale Solar # Wind # Hydro = Other
% Nuclear ol & Natural Gas ® Coal

Figure 5.3: Capacity, Existing + Tier 1 + Replace Retirements (2033 Case)

Resource Modeling
Additional detail regarding modeling of certain resource types is noted below. These modeling details were reviewed
by the ITCS Advisory Group.

Wind and Solar Modeling

Wind and solar resources were modeled using a combination of historical and synthetic weather year data to
represent the hourly energy variability within each TPR. Both datasets described in this section result in hourly
capacity factor values for utility scale solar (UPV)}, distributed behind-the-meter solar (BTM PV), land-based wind
(LBW), and offshore wind {OSW). While the underlying datasets for the historical and synthetic weather years are
different, as discussed in Appendix A, both produced a capacity-weighted profile for each resource type within each
TPR, normalized to the installed capacity. As a result, this capacity-weighted profile can be used for different levels
of renewable resource capacity. In a few cases, historical data was supplemented with synthetic data for the same
weather years, or historical and synthetic data was used to recreate weather years not covered directly by the
historical or synthetic record based on temperature and wind-speed relationships. The steps taken to create each set
of profiles and descriptions of the underlying data for each weather year profile are provided in Appendix F.

Hydro Resource Availability

Hydro resources were modeled with monthly maximum availability factors based on historical observations. While
they are renewable resaources, the availability of hydro is relatively uncorrelated with wind, solar, and load conditions
and affected by longer inter-annual cycles in water availability. Also, hydro resources may be limited in generating at
maximum capacity for several reasons in addition to typical generator maintenance and forced outages. These factors
include water levels on rivers and constraints due to reservoir levels. To account for these factors on hydro generating
potential, a monthly maximum availability was created for each TPR based on historical data, thereby limiting the
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maximum generation that hydro resources could contribute. No limitations on monthly or annual energy production
were applied and it was assumed that the maximum output seen in historical records was the limiting factor for hydro
resources.

In Canadian TPRs, like Hydro Québec, where hydro generation regularly serves most or all of the demand throughout
much of the year, historical generation data does not fully represent the actual availability of hydro resources,
especially during lower load months. Discussion with these entities, where needed, resulted in modifications to the
monthly hydro capacity used in the simulations to better reflect resource availability.

Thermal Generator Outage Modeling

Thermal generators were aggregated by TPR and fuel type to account for daily fluctuations in available capacity.
Thermal capacity was aggregated by up to eight fuel types in each TPR, resulting in 290 unique capacity aggregations
across the North American BPS. These aggregations were done to represent the total, fleet-wide resource availability,
rather than individual generator outage sampling traditionally done in resource adequacy modeling.

Each of the 290 aggregated resource types was then modeled to reflect daily fluctuations in available capacity,
accounting for fleet-wide maintenance and forced outages, weather-dependent forced outages, and seasonal
maintenance schedules. Ambient derates were reflected for summer and winter based on the associated capacity
values provided in the 2023 LTRA data forms.

Forced Outages and Derates

Figure 5.4 shows the aggregated capacity of forced outages across the United States on a daily basis from 2016 to
2023, derived from available GADS'* data. Additional detail regarding these calculations and application can be found
in Appendix G. The analysis shows daily and seasonal variation in forced outages, but most importantly, extreme
spikes in forced outages observed during the January 2018 winter event, Winter Storm Uri (February 2021) and
Winter Storm Elliott (December 2022). Generator outage modeling was intentionally done on an aggregated fleet-
wide basis to capture correlated outages across large areas.
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Figure 5.4: Total Daily U.S. Forced Outages and Derates (in GW)

130 Generating Availability Data System, a NERC database that includes outages and derates
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Planned and Maintenance Outages and Derates

Similar to the forced outage rate modeling, planned and maintenance outages and derates were modeled based on
historical GADS data, by day, by TPR, and by fuel type. This data in aggregate was converted to an average capacity
on outage per day, as a percentage of Net Maximum Capacity.

An example of the combined capacity on outage (Forced Outages and Maintenance) is provided in Figure 5.5 for a
single TPR and single fuel type (natural gas, single fuel). This figure clearly shows the seasonal increases in
maintenance during the shoulder seasons (spring and fall} and the potential for increased capacity on outage during
extreme weather events (e.g., Winter Storm Uri). While the forced outages were higher during this event, less
capacity was on planned maintenance because it occurred during the winter season.

£
1
E

40% - S 1 —

2
U1
=
i
...

e L B

Capacity on Qutage Percentage
cCw o uo o
T RFERXRRER
£

2016 through 2023
® Forced B Maintenance

Figure 5.5: Forced and Planned Outages for Single Fuel Natural Gas (% of Capacity)

ERCOT Winterization Mandate

Due to the statewide mandate™ in Texas directing winterization measures to be implemented across the generation
fleet, discussion with the Regional Entity (Texas RE) resulted in a modification to ERCOT resource availability relative
to the historical GADS data. Efforts resulting from the winterization mandate are expected to improve thermal
resource availability during extreme cold weather events to be no less than 85% of the winter rating. This adjustment
was made to the input data for the months of December, January, and February. The winterization case is used as
the starting point for ERCOT and is reflected in the energy margin analysis and recommended additions in Chapter 7.
A comparison of the results with and without the winterization mandate are shown for ERCOT as a sensitivity in
Chapter 8.

Storage Modeling

Storage resources, both pumped storage hydro and battery storage, were modeled as two distinct units for each TPR.
Information regarding installed capacity for each resource type for existing and future capacity builds was taken from
the 2023 LTRA. Since information on the duration of each storage plant was limited or not available, it was assumed
that pumped storage hydro would have 12 hours of duration and battery storage was four hours'? based on trends
and available battery storage information from the EIA Form 860.

Storage resources were allowed to charge dynamically within the model to create hourly profiles of charging (adding
load) and discharging (generation}, subject to round-trip efficiency losses of 30% for pumped storage hydro and 13%

131 Texas Public Utilities Commission Weather Emergency Preparedness (adopted September 29, 2022) standards can be found here and here
(2 documents).
132 Three hours was used for ERCOT due to lower duration of existing and planned resources.
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for battery storage resources. Storage resources were scheduled to arbitrage hourly energy margins, based on the
resource scheduling method described in Chapter 6. In doing so, storage was charged during periods of high energy
margins (surplus resources) and discharged during periods of lower energy margins. Furthermore, the storage
resources did not optimize imports/exports between TPRs, although during grid stress events, storage resources were
allowed to recharge via imports if available.

Demand Response Modeling

Demand response resources were also included in the model as a supply-side resource that could be dynamically
scheduled by the model to mitigate resource deficiency events. Similar to storage resources, demand response was
modeled assuming both capacity (MW) and energy (MWh) limitations but did not assume any round-trip energy
losses or payback required. Demand response was modeled only after energy transfers between TPRs.

Demand response capacity was based on the LTRA Form A data submissions, “Controllable and Dispatchable Demand
Response — Available,” which represents the estimated demand response available during seasonal peak demand
periods. While both “Total” and “Available” demand response capacity values were reported, the “Available”
resource potential, shown in Figure 5.6, was used to represent any assumed derates due to non-performance when
called on. For LTRA assessment areas with multiple TPRs, demand response was allocated proportionally to load.
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Figure 5.6: Available Demand Response by TPR

Energy constraints were also assumed for demand response resources to ensure that they were deployed sparingly.
All demand response resources were modeled with a maximum of three hours per day up to the seasonal capacity.
These hourly “per call” constraints were converted into energy constraints, meaning a demand response resource
could choose to spread its capacity over six hours in a day, if needed, but would have to do so by deploying only a
portion of the total capacity. Lastly, demand response resources were considered the resource of last resort to avoid
load shedding, deploying only after all local resources and imports were fully exhausted.
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Chapter 6: Prudent Additions (Part 2) Process

Using the multi-year, hourly, correlated, time-synchronized dataset for load, wind,
solar, and thermal resource availability described in Chapter 5, the prudent additions
process identified instances of resource deficiency and evaluated where additional
transfer capability would improve energy adequacy. This data-driven process
evaluated specific time periods where extreme weather may impact loads and
resource availability in one TPR, but neighboring TPRs may have surplus energy
available, thus capturing geographic diversity. This approach considered where
resource deficiencies occurred, which interfaces were at their limits, and which
adjacent TPRs had available energy to export. Specifically, a six-step process was
used to identify and quantify prudent additions to transfer capability, each of which
is discussed further in this section:

1. Identify hours of resource deficiency
Quantify the maximum resource deficiency
Prioritize constrained interfaces

Allocate additional transfer capability

Iterate until resource deficiencies are mitigated

o v ok~ w N

Finalize prudent level of transfer capability

Step 1: Identify Hours of Resource Deficiency

[;)W The prudent additions process begins with the calculation of the hourly energy margin for

‘ ‘ ‘ each TPR. Unlike traditional planning reserve margins that evaluate the supply and
demand during expected peak load conditions, the energy margin analysis is an 8,760-hour chronological assessment
of each TPR’s load and availability of resources. The energy margin analysis, therefore, provides an assessment of a
TPR’s potential surplus or deficit across each hour of the year. In addition, the energy margin analysis was conducted
over 12 weather years, allowing for fluctuations in load, wind, solar, and thermal resources based on weather
conditions, along with seasonal hydro availability.

The energy margin analysis captures the impacts of variable renewables, scheduling of storage resources, expected
outage conditions, and load levels associated with specific weather conditions. The formula in Figure 6.1 below
further characterizes the hourly energy margin, followed by an explanation of each property. All properties vary
hourly except for available thermal capacity (daily variation) and hydro capacity (monthly variation).

e
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Available Seasonal  Storage Net e Regional Hourly
Wind & Solar &%m Hydro Capacity w%& Thermal + Generation Load == Energy Margin
Capac:ty
E w— Weather-Dependent .. Expected ;
Outages Maintenance

Figure 6.1: Hourly Energy Margin Calculation
Source: Energy Systems Integration Group, 2024
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The results of the energy margin analysis provide an hourly, time-synchronized, locational, and consistent dataset,
allowing for direct comparisons between TPRs. When one TPR has a low hourly energy margin (i.e., a low supply of
resources relative to demand), the analysis considers the availability of resources and load in all neighboring TPRs
simultaneously. Additional detail regarding the energy margin analysis can be found in Appendix H. Below, Figure 6.2
shows an example of the time-synchronized load, renewable output, weather-dependent outages, and hourly energy
margin.

Region Summary for 12-24-2022 (2024 System)
Maximum Daily Load (% of Peak) Avg Daily Wind & Solar CF (%)

Figure 6.2: Example of Correlated Load, Renewable Output, Weather-Dependent Outages,
and Hourly Energy Margin

Resource Scheduling Method

The hourly energy margin is then used to model the available energy across the entire North American BPS for all 12
weather years. This is done to consider the energy adequacy in each TPR, with and without transfers from neighboring
TPRs. To isolate reliability needs, resources are first scheduled within a TPR to serve its load before relying on
neighboring TPRs. This method allowed for appropriate charge and discharge patterns for energy-limited resources
like storage and demand response. The primary reason for using this dispatch model was to ensure that any
recommended additions to transfer capability are to improve energy adequacy, and thereby strengthen reliability,
rather than for policy or economic objectives, such as minimizing overall production cost. Operating costs are
intentionally not considered for resources in this model. Instead, an operating constraint will increase the scarcity
weighting factor in a TPR as the margin between supply and demand becomes tighter. This ensures that the dispatch
decisions are driven by relative surplus or scarcity rather than resource dispatch costs. Additional information
regarding the dispatch model and scarcity weighting factor calculations can be found in Appendix I.

Margin Levels

Margins were applied to each TPR’s hourly load to account for study uncertainty and operational practices. Unlike a
planning reserve margin, which is often denoted in terms of peak demand, these margins are applied to all hours of
the year, in an equal percentage of demand.
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The first threshold, the tight margin level, determines when a TPR will seek to import energy. This threshold, applied
across all hours, was set at 10% of the TPR’s load based on observed projected daily reserves. This level was discussed
and endorsed by the ITCS Advisory Group.

The second margin, the minimum margin level, determines when a TPR will incur unserved energy (load reducticn)
if additional resources or imports are unavailable. Following multiple discussions with, and feedback from, the ITCS
Advisory Group, this value was set at 3% of the TPR’s load. An additional sensitivity was conducted using a 6%
minimum margin level.

A more detailed rationale for these levels is provided in Appendix J.

Energy Transfers
Figure 6.3 illustrates the relationship between the hourly energy margin and the conditions under which a TPR may
import or export energy. This is crucial for understanding how energy transfers are modeled.

%ot 4 < «——> Reliability imports if available ‘«—-—»
Load

Energy
Margin

{no nterchangs}

Time (hrs)

Figure 6.3: Illustrative Example of the Hourly Energy Margin and Reserve Levels

The line represents the hourly energy margin for a TPR, showing the difference between available energy supply and
the TPR's load, fluctuating due to changes in supply and demand discussed previously. Two different threshold levels
are also shown:

e The tight margin level (yellow zone) indicates the desired margin under normal conditions. When the energy
margin is above this zone, the TPR is in surplus and is a good candidate to export energy to other TPRs that
may need additional energy. When the energy margin is within this level, the TPR has enough capacity to
meet its load, but uncertainty in the forecast (resource mix, load levels, weather impacts, outages, etc.) may
warrant additional energy imports if available. The tight margin level dictates when TPRs will import energy
from their neighbors, if it is available.

e The minimum margin level (red zone) marks the minimum permissible threshold, below which the TPR faces
a resource deficiency. In this red zone, it is assumed that the TPR may experience load reduction if energy
imports from neighbors are unavailable. This retention of reserves is consistent with normal operating
practices, where a Balancing Authority will continue to hold reserves even if involuntary load shed is
underway to safeguard the system from cascading or widespread outages that would adversely affect overall
BPS reliability. The minimum margin level determines when, and to what extent, new transfer capability is
considered to mitigate the energy deficiency.

Visualized another way, Figure 6.4 shows how the model will attempt to import energy any time that a TPR’s energy
margin drops below the tight margin level.
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Figure 6.4: Illustrative Example when Imports Occur in the Model

The method for determining transfers between TPRs relies heavily on the tight margin level and minimum margin
level. While each TPR initially uses its available resources to meet demand and associated margin, as the energy
margin tightens, its scarcity weighting factor increases to reflect the growing need for additional resources.

When a TPR falls below the tight margin level, it begins to import energy from neighboring TPRs. The decision on
which neighbor to import from is based on the respective scarcity weighting factors of those neighbors. This ensures
that imports are sourced from neighbors with the most surplus capacity (i.e., the lowest scarcity weighting factor). If
sufficient imports are unavailable due to transmission interface limits and/or lack of available resources, the TPR may
temporarily violate the tight margin level but will still maintain a minimum margin level. This is referred to as a tight
margin hour.

If a TPR’s energy margin drops to the minimum margin level after exhausting available imports and demand response,
the model will decrease the load served, resulting in unserved energy. This is referred to as a resource deficiency
hour.

Figure 6.5 shows the hourly energy margin after interchange is scheduled {light blue line}. Exports to neighbors are
shown as a reduction in the hourly energy margin when a TPR has relative surplus, while imports are shown as an
increase in the hourly energy margin when a TPR drops below the tight margin level.
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Figure 6.5: Illustrative Example Showing Impacts of Imported Energy

Metrics

Three important points can be considered in Figure 6.5 above:

e Point 1 indicates that a TPR, in isolation, is below the tight margin level but there is sufficient transfer
capability to import energy from its neighbors to maintain the tight margin level. This represents an
interchange hour. Because the imports allow the TPR to get back to its tight margin level, transfer capability
is sufficient and not limiting.

e Point 2 indicates that a TPR is unable to get back to the tight margin level even with imports. At this point,
the transfer capability is insufficient and limited and/or neighboring TPRs do not have sufficient resources to
share. This point is referred to as a tight margin hour.

e Point 3 indicates that a TPR is unable to get back to the minimum margin level even with imports from its
neighbors. In this example the model will reduce load in the TPR rather than dropping below the minimum
margin level, resulting in unserved energy. This is referred to as a resource deficiency hour and is used to
trigger prudent additions evaluation as described in later steps.

The model performed the above analysis for all TPRs across all hours over 12 weather years. The calculated metrics,
which include the hourly energy margin, are shown in Table 6.1.




105906 Federal Register/Vol. 89, No. 248/Friday, December 27, 2024/ Notices

Calculated Metrics

Energy MW or % | Tracks the hourly energy margin of available capacity relative to load over the course
Margin of the year. Quantified in both MW and percent and summarized to show average,
minimum, or number of times below a threshold.
Interchange | Hours, Quantifies the number of hours, maximum flow, or total energy when a TPR imports
Hour MW, or to keep its hourly energy margin at the tight margin level. This metric calculates the
MWh frequency and quantity of imports for each TPR.
Tight Margin | Hours, Quantifies the number of hours in a year, maximum deficit (MW), or total deficit
Hour MW, or (MWh)} when a TPRis below the tight margin level (10%).1*® This metric quantifies how
MWh often the transfer capability is insufficient due to interface limit or due to lack of
resources.
Resource Hours, Quantifies the number of hours in a year, maximum deficit (MW}, or total deficit
Deficiency MW, or (MWh) when a TPR is at the minimum margin level (3%)!* and experiences unserved
Hour MWh energy.
Hours Hours Quantifies the number of hours in a year where the transfer capability is at the
Congested maximum import capacity. This metric quantifies how often an interface’s transfer
capability is insufficient.

Step 2: Quantify Maximum Resource Deficiency

In Step 1, the energy margin analysis quantified the frequency, magnitude, and duration
of energy deficiency for each TPR. To illustrate the output of this process, a portion of the
2033 energy margin analysis results are shown in Table 6.2 below. Specifically, this table shows the yearly maximum
resource deficiency (in MW) for each of the 12 weather years, with winter deficiencies highlighted in blue and
summer deficiencies shown in arange. The full set of energy margin analysis results can be found in Chapter 7.

Table 6.2: Maximum Resource Deficiency (MW) for Select TPRs by Weather Year (2033 Case)

California North
ERCOT
SPP-N

SPP-S
MISO-S
MISO-E
SERC-Florida
SERC-E
PJM-S

New York
New England

ol|lo|lo|lo|o|o|o|o|o
ol|lo|lo|lo|o|o|o|o|o
oj|lo|o|o|(c|o|lo|a|o

olo|jo|o|o|o|o|o|e
olojolo|lo|o|c|o|op

The largest yearly maximum resource deficiency identified across all 12 weather years is known as the maximum
resource deficiency. This value is a critical input to Step 4, described later.

133 As a reminder, further discussion on the tight margin level can be found in Appendix J.
134 As a reminder, further discussion on the minimum margin level can be found in Appendix J.
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Step 3: Prioritize Constrained Interfaces
Step 3 focuses on identifying constrained interfaces. After determining which TPRs are in
— - deficit (Step 1) and to what extent (Step 2), the third step is to determine which specific
interfaces are constrained during tight margin hours by calculating the number of hours that individual interfaces,
including total import interfaces, are transferring energy at their TTC. This is quantified as hours congested across
each interface. Additionally, the model calculates the difference between the scarcity weighting factors of each TPR
when imports occur and the transmission interface is at its limit. This measures the relative resource surplus between
potential sending (exporting) TPRs that could help the receiving (importing) TPR.

The difference between the scarcity weighting factors of the importing and exporting TPRs helps quantify the best
candidates for increased transfer capability. In cases where the total import interface is constrained, the difference
between the scarcity weighting factor between each pair of TPRs is still quantified and is used as the measure to
increase both the individual interface capability and the total import interface limit.

As an example, the 2033 energy margin analysis showed SERC-E in a resource deficiency during WY2022 (Winter
Storm Elliott). Neighbors PIM-W, SERC-C, and SERC-SE are already exporting resources to SERC-E, which has reached
its transfer capability. During this event, SERC-SE has the lowest scarcity weighting factor, followed by PJM-W, then
SERC-C. The scarcity weighting factors indicate that transfer capability should be prioritized from SERC-SE, followed
by PJM-W, then SERC-C. The interface from PJM-S, which is not at its limit, would not benefit from additional transfer
capability during this event, as it has no surplus resources available.

This calculation is repeated for all TPRs for all tight margin hours.

Step 4: Allocate Additional Transfer Capability

Step 4 focuses on programmatically allocating transfer capability increases to constrained
interfaces to address the Maximum Resource Deficiencies (identified in Step 2), using the
scarcity weighting factors (calculated in Step 3). Specifically, the model initially allocates transfer capability increases
of one third (33.3%) of the maximum resource deficiency proportionally to interfaces based an the relative difference
in scarcity weighting factors, thereby prioritizing neighboring TPRs with relatively more surplus energy available. This
partial increase allows the modeling method to capture interactive effects between TPRs and iterative effects as
resources are re-dispatched, including exhaustion of surplus resources.

Continuing with the SERC-E example from the previous steps, the maximum resource deficiency observed in the 2024
energy margin analysis is 5,849 MW. The initial increase to transfer capability is 1,948 MW, one third of that amount.
Using the difference in the scarcity weighting factors between the exporting TPR and importing TPR from Step 3, this
additional transfer capability is allocated 30% to PIM-W (592 MW), 6% to SERC-C (123 MW), and 63% to SERC-SE
(1,233 MW), as shown in Figure 6.6.
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Additions to Transfer Capability
Iteration 1 (add 1,948 MW)

Iteration 1 ‘
1,948 MW

Figure 6.6: SERC-E Iteration 1 Allocation of Additional Transfer Capability (2033 Case)

Step 5: Iterate Until Resource Deficiencies are Resolved
Step 5 employs an iterative approach to incremental additions to transfer capability until
all resource deficiencies are mitigated (if possible). The modeling method employed in
Steps 1-4, including the energy margin analysis, is repeated with the increased transfer capability included.

The study repeated the process of adding transfer capability to constrained interfaces in blocks set at one third of
the original maximum resource deficiency amount until all resource deficiency events were mitigated or until
improvements stopped because there were no available resources from neighboring TPRs. This iterative approach
ensures that the model accurately reflects the impact of each incremental change on the overall system, captures
interactive effects, and allows for the finalization of prudent additions to be conducted after all modeling is complete
rather than directly in the modeling process.

As shown in Figure 6.7, after one iteration of additional transfer capability, the maximum resource deficiency
decreased to 3,901 MW, a reduction of 1,948 MW. The second increase to transfer capability is again 1,948 MW (one
third of the original maximum resource deficiency), but this time the allocation is 45% to PIM-W (871 MW), 8% to
SERC-C (154 MW), and 47% to SERC-SE (923 MW}, again based on the differences in scarcity weighting factors. This
reflects tightening conditions in SERC-SE and is an intentional result of the iterative process.
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Additions to Transfer Capability
Iteration 2 (add 1,948 MW)

Iteration 1 | o+
1,948 MW | o0

Figure 6.7: SERC-E Iteration 2 Allocation of Additional Transfer Capability (2033 Case)

As shown in Figure 6.8, after two iterations of additional transfer capability, the maximum resource deficiency
decreased to 258 MW, a further reduction of 3,643 MW, or 187% of the transfer capability added in Iteration 2, which
is due to multiplier effects described in Chapter 7. Despite the highly effective second iteration, there are still
resource deficiency hours observed, so the process is repeated a third time. The third increase to transfer capability
is again 1,948 MW (one third of the original maximum resource deficiency), and this time the allocation is 61% to
PIM-W (1,190 MW), 6% to SERC-C (108 MW), and 33% to SERC-SE (649 MW) as surplus resources tighten in SERC-SE.
Because of the highly effective second iteration, the programmatic third iteration size (1,948 MW) is larger than the
remaining resource deficiency, and this will be adjusted proportionally in Step 6. After the third iteration, all
maximum resource deficiency hours have been mitigated.
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Additions to Transfer Capability
Iteration 3 (add 1,948 MW)

Iteration 1
1,948 MW

Figure 6.8: SERC-E Iteration 3 Allocation of Additional Transfer Capability (2033 Case)

Step 6: Finalize Prudent Levels of Transfer Capability

Step 6 uses the results from the multiple iterations of Steps 1-5 described above. After
completing all incremental modeling runs, the outputs were used to determine the
recommended additions to transfer capability. This final step ensures that the recommendations are right-sized and
effective, including identification of scenarios where additional transfer capability would not mitigate identified
resource deficiencies. As a reminder, these recommended additions were based off the calculated 2024/25 current
transfer capability values from Part 1, applied to the projected 2033 load and resource mix.

Prudent Additions Criteria
The following criteria®®® were applied when finalizing recommendations for prudent additions:

* Recommended additions were made to maintain a 3% minimum margin level,* if possible.

o  Where practical, all resource deficiency hours were mitigated (i.e., there was no minimum threshold for the
number of resource deficiency hours).

s  While all resource deficiency hours were reported for each TPR, recommendations were only made to
address resource deficiencies greater than 300 MW.*%7

¢ Recommended additions were rounded to the nearest 100 MW increment.

o Recommended additions address limiting interfaces and total import interfaces for the applicable season(s})
where resource deficiency was identified.

e Where additions to transfer capability did not significantly reduce the resource deficiency, it was indicative
of a lack of surplus energy in the source TPRs such that continued additions to transfer capability would have
minimal benefit — additional transfer capability was considered prudent if it:

135 These criteria served as mechanisms to guide the application of sound engineering judgment so that prudent addition recommendations
are reasonable. Since ITCS is a reliability study, economic and policy objectives were not considered when making recommendations.

136 This level was established based on an evaluation of average reserve requirements where load shed may occur.

137 This criterion was derived from EQP-004-4.pdf (nerc.com) which prescribes thresholds for disturbance reporting.
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= Reduced the maximum resource deficiency by at least 75% of the additional transfer capability, or
= Reduced the resource deficiency by at least 100% of the additional transfer capability in at least four
hours.

Other Considerations for Prudent Additions
In addition to the criteria above, the following factors were considered:

e Recommended additions were only considered between neighboring TPRs.

= Transfer capability additions that solely benefit a “neighbor’s neighbor” are outside the scope of this
study, including the Part 1 analysis.

= In cases where surplus energy in neighboring TPRs is insufficient to address the deficiency, supplemental
reporting is included in Chapter 7 regarding the nearest non-neighbor TPRs that could assist during
resource-deficient hours.

¢ Recommended additions were prioritized from neighboring TPRs with relatively higher resource surplus, as
measured by the difference in scarcity weighting factor discussed in Step 4.

e A 6% minimum margin level sensitivity was also reviewed.3

e Changes not reflected in the LTRA data, such as an announcement of delayed retirements, were not
considered.

e Several generating units can connect to multiple Interconnections (non-simultaneously) without using the
associated interface tie lines, thus they do not deplete the associated transfer capability. This capability
should be considered as a potential reduction to the recommended additions and is noted where applicable.

Example of Prudent Additions

Continuing with the 2033 SERC-E example, Table 6.3 below shows the cumulative iterations of increases to transfer
capability. Recalling that the remaining resource deficiency after Iteration 2 was only 258 MW, Iteration 3 was
prorated to right-size the additional transfer capability. In accordance with the criteria above, these values were
rounded to the nearest 100 MW. As a result, in this example, the prudent additions are 1,600 MW from PJM-W, 300
MW from SERC-C, and 2,200 MW from SERC-SE.

Table 6.3: SERC-E Finalizing Transfer Capability Additions (2033 Case)

PJM-S PIM-W SERC-C SERC-SE
Base 5,849
Iteration 1
Iteration 2
Iteration 3*
Total
Prudent**
*Prorated Based on Maximum Resource Deficiency

O|O|O|O0|O

Rounded to Nearest 100 MW

138 This sensitivity helped inform, for instance, if a TPR was very close to resource deficiency at 3% for a significant number of hours.
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Chapter 7: Prudent Additions (Part 2) Recommendations

2024 Energy Margin Analysis Results

The results of the energy margin analysis for the 2024 case are summarized in Table 7.1, which provides an overview
of the maximum resource deficiencies observed across various TPRs and weather years. This table illustrates how
different TPRs perform using the 3% minimum margin level and identifying where resource shortfalls may occur under
specific weather conditions. Note that these results include the ability of TPRs to share resources among each other,
subject to resource availability and the current transfer capabilities quantified in Part 1. Blue highlighting indicates
that the maximum deficiency occurred in the winter, while orange highlighting represents summer.

Table 7.1: Maximum Resource Deficiency (MW) by TPR and Weather Year (2024 Case)

Washington

0 0 0 0 0 0 0 0 0 0 0 0 0
Oregon 0 0 0 0 0 0 0 0 0 0 0 0 0
California North 0 0 0 0 0 0 0 0 0 0 0 0 0
California South 0 0 0 0 0 0 0 0 0 0 0 0 0
Southwest 0 0 0 0 0 0 0 0 0 0 0 0 0
Wasatch Front 0 0 0 0 0 0 0 0 0 0 0 0 0
Front Range 0 0 0 0 0 0 0 0 0 0 0 0 0
ERCOT 0 0 0 0 0 0 0 0 10,699
SPP-N 0 0 0 0 0 0 0 0 0 0 Q 0 0
SPP-S 0 0 0 0 0 0 0 0 0 0 0 0 0
MISO-W 0 0 0 0 0 0 0 0 0 0 0 0 0
MISO-C 0 o] 0 0 0 0 0 0 9] 0 0 0 0
MISO-S 0 0 0 0 0 0 0 0 0 0 Q 0 0
MISO-E 0 0 0 0 0 0 0 0 0 0 0 0 0
SERC-C 0 0 0 0 0 0 0 0 0 0 0 0 0
SERC-SE 0 0 0 0 0 0 0 0 0 0 0 0 0
SERC-Florida 0 o] 0 0 0 0 0 0 9] 0 0 0 0
SERC-E 0 0 0 0 0 0 0 0 0 0 . 0 2,894
PJIM-W 0 0 0 0 0 0 0 0 0 0 0 0 0
PJM-S 0 0 0 0 0 0 0 0 0 0 0 0 0
PJM-E 0 o] 0 0 0 0 0 0 9] 0 o] 0 0
New York 0 0 0 0 0 0 0 0 0 0 Q ,24
New England 0 0 0 0 0 0 0 0 0 0 0 0

The analysis reveals that the 2024 case has relatively few resource deficiencies across most TPRs, indicating that,
under the current system, there are sufficient resources and transfer capability in place to serve the load under the
weather conditions and load levels evaluated. This outcome is significant because it suggests that the existing
infrastructure is largely capable of maintaining energy adequacy across diverse scenarios except under especially
challenging conditions. As such, the 2024 case serves as a valuable reference point for future comparisons,
particularly when evaluating the 10-year out (2033) case. By establishing a baseline using the 2024 resource mix and
load, the study can better assess how future changes in
resource mixes, load growth, and extreme weather conditions
might be impactful over the next decade. As a reminder, the ~ The 2024 case was used for benchmarking,
simulations did not attempt to recreate actual operations or the but the simulations did not attempt to
resource mix from previous years. Instead, they applied the recreate actual operations.
historical weather conditions from those years to the projected
2024 resource mix, providing insights into how the future
system might respond to similar extreme events.

One notable exception is that ERCOT exhibits resource deficiencies across multiple weather years. The most severe
deficiency is observed during WY2021, coinciding with the extreme conditions of Winter Storm Uri. ERCOT faced a
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maximum resource deficiency of approximately 10,700 MW after assuming improvements from winterization
efforts.’®

While Winter Storm Uri can be considered an outlier, the fact that ERCOT also experiences deficiencies in other
weather years highlights a broader challenge. The ERCOT system, on average, reaches lower margin levels on a more
regular basis than other TPRs. This vulnerability is partly attributable to ERCOT's limited transfer capability, which
restricts its ability to import energy from neighboring TPRs during periods of high demand or supply shortages. This
limited transfer capability underscores the importance of considering strategic enhancements to ERCOT's
interregional connections to bolster its resilience against a variety of conditions. While ERCOT must be prepared to
handle extreme conditions like Winter Storm Uri, this study highlights potential for increased transfer capability to
address capacity deficiencies and avoid emergency measures, as an additional option along with internal resource
additions and demand response.

In addition to ERCOT, other TPRs also show resource deficiencies, albeit on a smaller scale. For instance, New York
experienced a deficiency during an early September heatwave in WY2023, while SERC-E encountered challenges
during Winter Storm Elliott in WY2022. These instances highlight the potential vulnerabhilities under specific extreme
weather scenarios. Further details on the timing, size, and magnitude of these individual events are provided in
Chapter 9, which provides a more granular, TPR-specific analysis.

While Canadian TPRs were included in the overall study, their results are not presented in this table. Instead, these
findings will be detailed in a separate Canadian Report, ensuring that the unique characteristics and challenges of
those TPRs are appropriately addressed.

In addition to the maximum resource deficiency, the total energy deficiency (GWh) and number of hours of deficiency
provide insight into the 2024 case results. Table 7.2 quantifies the total amount of resource deficiency on an energy
basis (GWh) and Table 7.3 provides the number of resource deficiency hours in each weather year, thus providing
additional information on the size, frequency, and duration of events.

ble 7.2: Total Resource Deficiency (GWh) by TPR and Weather Year (2024 Case)

Washington 0 0 0 0 Q 0 0 0 0 Q 0 0 0
Oregon 0 0 0 0 0 0 0 0 0 0 0 0 0
California North 0 0 0 0 0 0 0 0 0 0 0 0 0
California South 0 0 0 0 0 0 0 0 0 0 0 0 0
Southwest 0 0 0 0 0 0 0 0 0 0 0 0 0
Wasatch Front 0 0 0 0 Q 0 0 0 0 Q 0 0 0
Front Range 0 0 0 0 0 0 0 0 0

FRCOT 0 0 0 0 0 0 0 0 .

SPP-N 0 0 0 0 Q 0 0 0 0 Q 0 0 0
SPP-S 0 0 0 0 o] 0 0 0 0 0 0 0 0
MISO-W 0 0 0 0 Q 0 0 0 0 Q 0 0 0
MISO-C 0 0 Q 0 Q 0 0 Q 0 Q 0 0 0
MISO-S 0 0 0 0 0 0 0 0 0 0 0 0 0
MISO-E 0 0 0 0 0 0 0 0 0 0 0 0 0
SERC-C 0 0 0 0 0 0 0 0 0 0 0 0 0
SERC-SE 0 0 0 0 Q 0 0 0 0 Q Q 0 Q
SERC-Florida 0 0 0 0 0 0 0 0 0 0 0 0 0
SERC-E 0 0 0 0 Q 0 0 0 0 Q

PIM-W 0 0 0 0 Q 0 0 0 0 Q o] 0 Q
PIM-S 0 0 0 0 Q 0 0 0 0 Q 0

PJM-E 0 0 0 0 o] 0 0 0 0 o] 0

New York 0 0 0 0 Q 0 0 0 0 Q 0

New England 0 0 0 0 Q 0 0 Q 0 Q 0

139 In the sensitivity case without winterization efforts, ERCOT’s maximum resource deficiency reached approximately 25 GW, a shortfall that
mirrors the scale of the actual Winter Storm Uri event.
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able 7.3: Annual Hours of Resource Deficiency by TPR and Weather Year (2024 Case)

Washington 0 0 0 0 0 0 0 0 0 0 0 0 0
Cregon 0 0 0 0 0 0 0 0 0 0 0 0 0
California North 0 0 0 0 0 0 0 0 0 0 0 0 o]
California South 0 0 0 0 0 0 0 0 0 0 0 0 0
Southwest 0 0 0 0 0 0 0 0 0 0 0 Q 0
Wasatch Front 0 0 0 0 0 0 0 0 0 0 0 0 0
Front Range 0 0 0 0 0 0 0 0 0 0 8] 8] 0
ERCOT 0 0 0 0 0 0 0 0

SPP-N 0 0 0 0 0 0 0 0 0 0 0 0 0
SPP-S 0 0 0 0 0 0 0 0 0 0 0 0 0
MISO-W 0 0 0 0 0 0 0 0 0 0 8] 8] 0
MISO-C 0 0 0 0 0 0 0 0 0 0 0 0 0
MISO-S 0 0 0 0 0 0 0 0 0 0 0 0 0
MISO-E 0 0 0 0 0 0 0 0 0 0 0 0 0
SERC-C 0 0 0 0 0 0 0 0 0 0 8] 8] 0
SERC-SE 0 0 0 0 0 0 0 0 0 0 0 0 0
SERC-Florida 0 0 0 0 0 0 0 0 0 0 0 0 0
SERC-E 0 0 0 0 0 0 0 0 0 0 5

PIM-W 0 0 0 0 0 0 0 0 0 Q Q 0 0
PIM-S 0 0 0 0 0 0 0 0 0 8] 8]

PJM-E 0 0 0 0 0 0 0 0 0 0 0

New York 0 0 0 0 0 0 0 0 0 0 0

New England 0 0 0 0 0 0 0 0 0 8] 8]

The 2024 results provide a useful test case for the analysis, but ultimately are not used to recommend prudent
additions. Instead, these recommendations were made based on the 10-year-out analysis, evaluating potential future
resource mix and load levels in 2033.

2033 Energy Margin Analysis Results

The 2033 case analysis mirrors the 2024 analysis, but accounts for continued load growth, retirements, and new
resource additions. The assumptions for load growth, retirements, and resource additions were based on projections
from the 2023 LTRA. Specifically in this case, all Tier 1 resources were added, plus additional Tier 2 resources where
necessary to backfill retirements on an effective (accredited) capacity basis as described further in Appendix E.

Table 7.4 provides a detailed summary of the maximum resource deficiencies observed across different TPRs and
weather years for the 2033 case. Like the 2024 results, the table quantifies the maximum resource deficiency
observed in each TPR during each weather year, with the last column highlighting the maximum resource deficiency
across all weather years. One difference between Table 7.1 and Table 7.4 is that purple highlighting indicates a
weather year where resource deficiency hours were observed in both summer and winter.
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ble 7.4: Maximum Resource Deficiency (MW) by TPR and Weather Year (2033 Case)

Washington
QOregon
California North
California South
Southwest
Wasatch Front
Front Range
ERCOT

SPP-N

SPP-S
MISO-W
MISO-C
MISO-S
MISO-E
SERC-C
SERC-SE
SERC-Florida
SERC-E
PIM-W

PJM-$

PJM-E

New York
New England

o|lo|o|o|o|o|o

o|lo|o|o|o|o|o

o|lo|o|o|o|o|o

o|lo|o|o|o|o|o
o

o|o|0|0o

o |o|lo|o|o|o|o

Oo|o|0|0|0|0O|O|C|O|O|O|0
olo|o|Io|o|o|o|o|o|o|o|e

o|lo|o|lo|lo|o|o|o|of

O|o|o|o|0|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o

O|o|o|o|0|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o

'OODOOOOOOOOOOOOOOODOO

ol|o|o|o|o|o|o|o|o|o|o|o|o
o

OOOOOOOOOOOOOOO%
o|lo|o|o|o|o|o|o|o|o|o|o|o|o|o

o|lo|o|o|o|o|o|o|o
ol|lo|o|o|o|o|o|o|o

In contrast to the 2024 case, the 2033 results indicate a more widespread challenge to energy adequacy, with
additional TPRs exhibiting resource deficiencies and more weather years posing challenges. This is primarily due to
tightening energy margins driven by load growth, the changing resource mix, and the application of current transfer
capability to the future case.

In the 2033 case, 11 out of 23 TPRs are affected by resource deficiencies in at least one weather year, and in many
cases, across multiple weather years. Eight of these TPRs had no deficiencies in the 2024 case.

Similar to the 2024 results, Table 7.5 quantifies the total amount of resource deficiency on an energy basis (GWh)
and Table 7.6 provides the number of hours of deficiency in each weather year, thus providing additional information
on the size, frequency, and duration of events.
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Washington

Total Resource Deficiency (GWh) by TPR and Weather Year (2033 Case)
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Recommendations for Prudent Additions
As a result of the above analysis, additions to transfer capability are recommended as prudent for 10 TPRs as
summarized in Table 7.7 after following the six-step process described in Chapter 6. The table is ordered from highest
to lowest number of resource deficiency hours as observed in the study. Additional TPR-specific information can be
found in Chapter 9. Transfer capability additions did not fully resolve the identified resource deficiencies in California
North and ERCOT.
Table 7.7: Recommended Prudent Additions Detail
Transmission Resource | Maximum Additional
Planning

Weather Years (WY) / .. .. Transfer Interface Additions
Deficiency | Deficiency

Hours (Mw)

Capability (MW}
(Mw)

Events

o (300)
SERC-SE (300)

| MISO-S

TOTAL T T I 35,000

* Transfer capability additions did not fully address identified resource deficiencies
**Existing interface is dc-only *** proposed new interface

A further discussion of each TPR with prudent additions is provided below. Since these recommendations are based
on current transfer capability (2024/25) as analyzed in Part 1, known planned projects likely to increase transfer
capability are noted where applicable, and reviewed by the ITCS Advisory Group. This is not intended as an exhaustive
list,’*% nor does it constitute an endorsement of any particular project; nevertheless, itillustrates that existing industry
plans may be responsive to the recommended transfer capability increases.

California North: Recommendations are attributed to the 2022 heat dome that affected much of the Western U.S.
where the energy margin analysis for California North showed resource deficiencies for a total of 17 hours over a
four-day period. A prudent addition of 1,100 MW from Wasatch Front is recommended to help alleviate the resource

140 Readers are encouraged to review available regional transmission expansion plans for a more complete list of planned projects.
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deficiency. The proposed Greenlink project could help meet this transfer capability increase. However, during this
same time, most of the Western Interconnection has low energy margins and all of California North’s neighbors
quickly reach their 3% minimum margin level, indicating that further increases in transfer capability would be
ineffective in reducing resource deficiencies. In other words, there was a large-scale resource deficiency as shown in
Figure 7.1, such that neighboring TPRs could not mitigate the deficit. Additional transfer capability would be needed
from non-neighbering systems further away, namely from Canada.

Daily Minimum
Margin (%)
20

Current Transfer Capability

15

10

Figure 7.1: Resource Saturation in the Western Interconnection, September 6, WY2022
(2033 Case)

ERCOT: As noted in Chapter 5, the energy margin analysis for ERCOT reflects a high level of plant winterization due
to mandated improvements and compliance programs instituted by the state of Texas.!*! Notwithstanding, several
instances of resource deficiency were also observed in both summer and winter seasons, the most severe of which
was observed during WY2021 (Winter Storm Uri).

Even though neighboring TPRs (in particular, SPP-S and MISO-S) were also stressed during some of the same events,
the study found that some surplus energy was available and additional transfer capability of 14 GW would be effective
in resolving most of the identified resource deficiencies. Specifically, prudent additions from Front Range (5,700 MW},
MISO-S (4,300 MW}, and SPP-S (4,100 MW) are recommended, noting that connections to Front Range and MISO-S
would be entirely new. Two substantial dc line projects have been proposed to increase transfer capability to and
from ERCOT. Cne could transfer additional energy between Eastern Texas with the Eastern Interconnection, while
the other would connect Western Texas with the Western Interconnection. Neither has reached the status to include
in regional planning models but significant progress has been made.

SPP-S: Recommended additions for SPP-S were driven by WY2021 (Winter Storm Uri). Currently, simultaneous
imports are limited to 6,400 MW. The prudent additions for SPP-S are for both individual lines and for the total import
interface. The increases for individual transfer capabilities were from Front Range (1,200 MW}, ERCOT (800 MW}, and
MISO-W (1,700 MW). The ability of generating stations to switch between SPP-S and ERCOT may at times address a
portion of the need. Multiple projects approved in SPP’s past Integrated Transmission Plans (ITP) have potential to
increase transfer capability between SPP-N and SPP-S. In addition, SPP’s 2024 ITP includes a proposal for two new
345kV lines to address issues observed in its winter weather model which could further increase transfer capability
across this interface.

141 A sensitivity analysis without this winterization assumption can be found in Chapter 8.
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MISO-E: Recommended additions for MISO-E were driven by three summer events in July and August for the 2011,
2020, and 2021 weather years. Summer events represent a high load risk due to extreme temperatures and potential
low resource availability. Prudent additions are recommended for the summer months to increase transfer capability
by 3,000 MW (2,000 MW from MISO-W and 1,000 MW from PJM-W), which would resolve the identified resource
deficiencies. This increased transfer capability from MISO-W to MISO-E (2,000 MW) represents a substantial increase
relative to the current transfer capability from MISO-W to MISO-E (160 MW). Some approved Tranche 1 projects in
the MISO Transmission Expansion Plan have the potential to increase the transfer capability into lower Michigan.

MISO-S: Prudent additions for MISO-S were driven by two summer events in WY2009 and WY2011. Based on the
energy margin analysis, additional transfer capability from ERCOT (300 MW) and SERC-SE (300 MW) would allow for
access to surplus resources, resulting in part from load diversity during extreme summer heat events. The ability of
the Frontier generating station to switch between MISO-S and ERCOT may address a portion of the need.

SERC-Florida: Prudent additions are driven by both summer (WY2009) and winter (WY2010) events. Since SERC-
Florida is only a neighbor to SERC-SE, all recommended additions are between these two TPRs. The existing transfer
capability to SERC-Florida from SERC-SE is 3,000 MW in the summer and 1,800 MW in the winter. An increase of 1,200
MW of transfer capability in both seasons resolves all resource deficiencies identified in the energy margin analysis.
A planned relocation and reconductoring project may increase transfer capability somewhat, but stability limits will
need to also be addressed to achieve the full 1,200 MW increase recommended.

SERC-E: Recommended additions for SERC-E are driven by WY2022 (Winter Storm Elliott) when the southeast United
States saw extremely cold temperatures, high winter load, and decreased plant availability. Increased transfer
capability of 4,100 MW from PJM-W (1,600 MW), SERC-SE (2,200 MW), and SERC-C (300 MW) would provide access
to more resources during periods of high stress as Winter Storm Elliott moved across the southeast. These prudent
additions resolve all resource deficiencies identified for SERC-E in the energy margin analysis.

PJM-S: Prudent additions for PIM-S are driven by WY2022 (Winter Storm Elliott) when the southeast United States
experienced extremely cold temperatures, high winter load, and decreased plant availability. Additional transfer
capability from PJM-E of 2,800 MW allowed for access to more resources in a TPR experiencing less severe extreme
cold than PJM-S and resolved all PJM-S resource deficiencies.

New York: Prudent additions are driven by multiple summer events across weather years 2008, 2010, 2011, 2013,
and 2023. The WY2023 event was the most severe, with several hours of resource deficiency across a three-day
period while much of the northeast also experienced reduced energy margins. Additional transfer capability totaling
3,700 MW from PJM-E (1,800 MW) and Québec {1,900 MW) resolved all identified resource deficiencies. The planned
Champlain Hudson Power Express is likely to address a significant portion of this need. The ability of the Beauharnois
generating station to switch between Québec and New York may also address a portion of the need.

New England: Recommended additions for New England are driven by three summer events during weather years
2010, 2012, and 2013. Additional transfer capability of 700 MW, split between Québec (400 MW) and the Maritimes
(300 MW), would provide access to TPRs not experiencing the same levels of high temperature and high load. The
prudent additions for New England resolve all resource deficiencies identified in the energy margin analysis. The
planned New England Clean Energy Connect project is likely to address a significant portion of this need.

Other Key Insights

This section provides an in-depth analysis of the critical insights and conclusions drawn from Part 2 of the ITCS. These
observations highlight several key topics that are essential for understanding the role of transfer capability in
mitigating resource deficiencies. These include the following topics, each of which are explored in more detail below:

¢ Multiplier effects that may enhance the benefits of additional transfer capability
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e Saturation effects observed when surplus resources in neighboring TPRs are exhausted

¢ The intricate relationship between generation and transmission planning

e Pronounced henefits of transfer capability across Interconnections

¢ Additional benefits that could be realized through “neighbor’s neighbor” transfer capability

Multiplier Effects

Ancther key finding of the study is that increasing transfer capability
can, at times, reduce the maximum resource deficiency by more than
the transfer capability addition. For instance, a 1,000 MW increase in
transfer capability can reduce resource deficiencies by more than o
1,000 MW, as illustrated by the SERC-E example in Chapter 6. While existing storage resources.
not immediately intuitive, this can occur for several reasons:
Storage Resource Optimization: The additional transfer capability allows for pre-charging of storage resources, such
as batteries and pumped storage hydro, that might not have been able to charge without the imports. This ensures
that these resources, which otherwise would have been depleted, are available during future hours of resource
deficiency. This is illustrated in Figure 7.2.

Additional transfer capability can
optimize the effectiveness of

Muax
MW deficiency Mw
4 6 MW 4
8 Mwh
1
storage Add transfer
capability
———————
2 MW
ransfer
hours hours

Transfers

| Storage - Deficiency

Figure 7.2: Interactive Effects of Transfer Capability and Energy-Limited Resources

o Shortened Deficiency Windows: Increased transfer capability can shorten the duration of resource
deficiencies, by reducing the window from, for example, six hours to two hours. This enables energy-limited
resources like batteries, pumped storage hydro, and demand response to manage the remaining hours more
effectively.

e Interactive Effects: Transfer capability additions in one TPR can have cascading benefits for others. For
example, an increase to transfer capability can help one TPR mitigate its own resource deficiency at one time
but may also be used at other times to support a nearby TPR. Additionally, while the study primarily evaluated
transfer capability in one direction, new transmission lines ar upgrades could increase transfer capability in
both directions, providing benefits to both sides of the transfer.

Resource Saturation Effects

As discussed for the recommended additions for California North, the analysis demonstrated that increasing transfer
capability can reduce observed resource deficiencies. However, it also revealed a point of saturation when the wider
area exhausts its available resources. As neighboring TPRs run out of surplus energy to share, the benefits of
additional transfer capability diminish. In such cases, the ability of additional transfer capability to mitigate resource
deficiencies becomes limited, indicating that further mitigation would require different solutions, such as the
introduction of new local resources or possibly a “neighbor’s neighbor” to access surplus energy. This saturation
effect highlights the need for a more comprehensive approach to addressing resource deficiencies.
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This saturation effect is most notable in ERCOT during Winter Storm Uri. Figure 7.3 depicts the progressions of
iterations of the 2033 case for one hour. In the starting case, some neighboring TPRs have surplus resources to share
with ERCOT (hourly energy margins above the 3% minimum margin level). However, as transfer capability is added
iteratively, these surpluses are exhausted. Eventually, additional transfer capability no longer substantially reduces
resource deficiencies and is not deemed prudent.

Current Transter Capability Tteration I

Daily Minlmum
Margin {%)

Iteration 2 | W Iteration 3

Figure 7.3: Resource Saturation Around ERCOT, February 16, WY2021 (2033 Case)

Relationship Between Generation and Transmission

The study found a nuanced but crucial relationship between generation and transmission. If multiple neighboring
TPRs lack resources, additional transfer capability offers limited help because there is not enough surplus energy to
share. Conversely, if TPRs each have surplus resources, the benefits of additional transfer capability are diminished,
as each TPR can meet its own demands locally. Striking the right balance between generation and transmission to
meet each TPR’s load is essential. However, it is important to consider that adding local resources to mitigate
deficiencies may also have drawbacks as these new resources could be subject to the same constraints that caused
the initial challenge, such as fuel supply restrictions or low renewable availability, leading to correlated risks. This
finding points to the increased importance of holistic generation and transmission planning. This is particularly
important as the resource mix changes and accelerated load growth is expected relative to the past decade. The ITCS
evaluated the role of interregional transfer capability to improve energy adequacy reliability across different resource
mixes and study years and did not evaluate trade-offs between resource and transmission options. This is identified
as an area of interest in the Future Work section later.

Pronounced Benefits of Transfer Capability Across Interconnections

The study highlighted the significant benefits of transfer capability across Interconnections, where geographic
diversity in resource availability and load proved advantageous. For example, the ties between SPP and the Western
Interconnection demonstrated substantial benefits during extreme weather events. Similarly, transfer capability
between ERCOT and both the Western and Eastern Interconnections provided crucial support, as does increasing
transfer capability from Québec to New York and New England. Neighboring Planning Coordinators and Transmission
Planners across Interconnections should continue to work toward a wider area planning approach.
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“Neighbor’'s Neighbor” Transfer Capability Could Provide Additional Benefits

While the study focused on evaluating transfer capability between neighboring TPRs, the analysis suggests that
additional benefits could be realized by improving transfer capability with a “neighbor’s neighbor” in two instances.
Specifically, increasing transfer capability from ERCOT to SERC-SE or from British Columbia to California North could
unlock access to even greater load and resource diversity, particularly during extreme events like Winter Storm Uri.
TPRs two or more steps away from ERCOT had surplus energy available, as shown in Table 7.8, even when ERCOT's
immediate neighbors were operating at their 3% minimum margin level.

Table 7.8: Energy Margins of Nearest TPRs

During Resource Saturation (ERCOT)

SERC-SE 46%
Southwest 45%
Wasatch Front 22%
SERC-C 11%

Similarly, California North’s neighbors quickly depleted their surplus energy during the 2022 Western Heat Wave, but
more distant TPRs still had surplus energy available, as shown in Table 7.9. In particular, the Canadian provinces of
British Columbia and Alberta had significant surplus during this event.

Table 7.9: Energy Margins of Nearest TPRs

lif h

British Columbia 57%
Alberta 46%
SPP-N 24%
Saskatchewan 16%

In summary, these results indicate that exploring and investing in “neighbor’s neighbor” transfer capability could
provide a critical buffer during challenging grid conditions. However, the potential benefits of expanding connectivity
to more distant TPRs must also be balanced with the associated costs and risks. These key findings underscore the
importance of a balanced and strategic approach to enhancing transfer capability, recognizing both the strengths and
limitations of existing infrastructure and the potential benefits of expanding connectivity to more distant TPRs.
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Chapter 8: Sensitivity Analysis

In addition to the 2024 and 2033 cases discussed in the previous sections, a series of sensitivity analyses were
conducted to evaluate the impact of varying specific assumptions on the overall results. These sensitivities were
designed to isolate the effects of individual factors and quantify their influence on resource deficiencies and the need
for increased transfer capability. By examining these factors in isolation, the sensitivity analysis provides a clearer
understanding of how changes in assumptions might alter the outcomes of the study. Each sensitivity was analyzed
under both the current transfer capability and in scenarios with increased transfer capability to determine how
recommendations might change.

The sensitivity analyses provide valuable insights into how different assumptions can influence study outcomes,
including the necessity for enhanced transfer capability. By understanding these dynamics, future planning can be
more responsive to a range of potential scenarios.

ERCOT Winterization Effects

This section summarizes the effects of winterization on resource deficiencies in ERCOT. As discussed in Chapter 7,
the energy margin analysis included the anticipated effects of mandated winterization efforts in ERCOT to mitigate
the impact of cold weather on thermal resource availability. Table 8.1 through Table 8.3 show the comparison
between energy margin analysis results for ERCOT with and without these winterization assumptions.

T without
Winterization
ERCOT with
Winterization

ERCOT without
Winterization
ERCOT with
Winterization

gl
ERCOT without
Winterization
ERCOT with
Winterization

6% Minimum Margin Level Sensitivity

In this sensitivity analysis, the minimum margin level was increased from 3% to 6%, effectively reducing the surplus
energy in all TPRs simultaneously. This adjustment led to an increase in the size, frequency, and duration of resource
deficiencies, the number of TPRs experiencing these deficiencies, and the magnitude of transfer additions evaluated.
Table 8.4 compares the maximum resource deficiency between the 3% and 6% minimum margin levels. The 6%
minimum margin level sensitivity introduces greater levels and frequency of resource deficiency for the 11 TPRs that
showed resource deficiency in the 3% case and introduces resource deficiency in five additional TPRs. In particular,
large portions of the Western Interconnection are simultaneously deficient, limiting the usefulness of additional
transfer capability.




105924 Federal Register/Vol. 89, No. 248/Friday, December 27, 2024/ Notices

Washington 0 0 0
Oregon 0 1,626 1,626
California North 3,211 6,765 3,554
California South 0 7,984 7,984
Southwest 0 1,638 1,638
Wasatch Front 0 3,734 3,734
Front Range 0 2,190 2,190
ERCOT 18,926 21,391 2,465
SPP-N 155 639 483
SPP-S 4,137 5,362 1,225
MISO-W 0 0 0
MISO-C 0 0 0
MISO-S 629 1,677 1,049
MISO-E 5,715 6,410 694
SERC-C 0 0 0
SERC-SE 0 0 0
SERC-Florida 1,152 9,098 7,946
SERC-E 5,849 10,689 4,840
PIM-W 0 0 0
PIM-S 4,147 7,807 3,660
PJM-E 0 0 0
New York 3,729 5,953 2,224
New England 084 1,892 909

The iteration method described in Chapter 6 was performed for the 6% minimum margin level sensitivity. While
recommendations for prudent additions were not made based on this sensitivity, it highlights the importance of
considering generation and transmission planning holistically along with benefits of potential “neighbor’s neighbor”
transfers to mitigate resource deficiencies. This is because the more restrictive minimum margin level simultaneously
reduces surplus resources for all TPRs, exacerbating resource deficiencies and reducing the effectiveness of existing
and additional transfer capability. The results of the iterations for the 6% minimum margin level sensitivity in Figure
8.1 reflect either where all deficiencies were resolved for a TPR, or where additional transfer capability was no longer
beneficial due to saturation effects or lack of resources. No prudent recommendations were made based on these
results and they should be viewed as exploratory only.

The cumulative additions across the United States increased from 35 GW of prudent additions to 58 GW in the case
with a 6% minimum margin level. Notably, much of the Western U.S. now shows additions to transfer capability.
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Figure 8.1: Change to Transfer Capability Additions

Tier 1-Only Resource Mix Sensitivity

The analysis for the 2033 case included all announced retirements, Tier 1 resource additions, and a portion of
additional Tier 2 resources if necessary to replace retiring capacity. In this sensitivity, no additional resources to
replace retirements were included. In other words, this scenario reflected only the addition of Tier 1 resources, so
significantly fewer resources were available to provide energy to serve existing load or support neighboring TPRs. As
expected, this adjustment increased the frequency, duration, magnitude, and geographic distribution of resource
deficiencies. Table 8.5 shows the energy margin analysis by weather year results from this sensitivity, and Table 8.6
shows the change in the maximum resource deficiency between the 2033 case and the 2033 Tier 1 Only case.

These results show that the buildout assumptions predominantly affect the Western Interconnection, where LTRA
reporting included a large number of coal plant retirements, but the Tier 1 resources are insufficient, in isolation, to
replace the capacity. These results also highlight that the risk is a clear resource adequacy issue, as each year in the
historical record shows resource deficiencies, all of which are in the summer season. In this example, additional

transfer capability between western TPRs will not improve energy margins as resource deficiency events often
coincided across multiple TPRs.
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Table 8.5: Maximum Resource Deficiency by Weather Year (2033 Tier 1 Only Case)

Washington
QOregon
California North
California South
Southwest
Wasatch Front
Front Range
ERCOT
SPP-N
SPP-S
MISO-W
MISO-C
MISO-S
MISO-E
SERC-C
SERC-SE
SERC-Florida
SERC-E
PIM-W
PJM-$

PJM-E

New York
New England

ol|lo|o|lo|o
olo|o|o|o
o|o|lo|o|Oo
o|o|lo|Oo
olo|o|of

[=3 =)=} (o} (=]
[=) =)=} o] (=]
o|lo|o|o|of

2,098
10,353
0
4,147

olo|oo|o|o(o|o|o(o|o|o|e (O]

o|o|o|o|o|o|o
O|o|0|0|0|0 |0
ol|o|o|o|o|o|o

ol|lo|jo|o|o|o

o|lo|o|o|o|o|o|o|o
o|lo|o|o|o|o|o|o|o
ol|lo|o|o|o|o|o|o|o

o|jlo(o|o|o|O

Washington 0 0 0
Oregon 0 3,959 3,959
California North 3,211 9,336 6,126
California South 0 11,768 11,768
Southwest 0 4,866 4,866
Wasatch Front 0 12,401 12,401
Front Range 0 6,054 6,054
ERCOT 18,926 19,511 585
SPP-N 155 155 0
SPP-S 4,137 4,137 0
MISO-W 0 0 0
MISO-C 0 0 0
MISO-S 629 3,910 3,282
MISO-E 5,715 6,924 1,209
SERC-C 0 0 0
SERC-SE 0 0 0
SERC-Florida 1,152 2,098 946
SERC-E 5,849 10,353 4,504
PJM-W 0 0 0
PJM-5 4,147 4,147 0
PJM-E 0 0 0
New York 3,729 3,729 0
New England 984 1,043 60

By comparing the results of the 2033 case and the Tier 1 Only case the connection between resource and
transmission planning is made apparent. When only considering Tier 1 resources, resource deficiencies worsen and
affect larger portions of the country, often limiting the effectiveness of additional transfer capability. The “Replace
Retirements” scenario was selected to represent an anticipated resource mix and highlight the role that transfer
capability can play in improving energy adequacy.
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As time progresses, the nature and severity of energy adequacy risks will evolve, thereby changing the effectiveness
of transfer capability. This highlights the opportunities of periodic studies that evaluate future resource mixes across
many hours of chronological load and resource availability as is done in this report.
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Chapter 9: TPR-Specific Results

The following pages provide detailed results for each TPR, including information on each interface transfer capability,
recommended prudent additions, information on each model iteration, assumed resource mix and peak load data,
and details on resource deficiency events. Summary maps of transfer capability are also provided, with current
transfer capability presented on the top, and recommended prudent additions highlighted in blue on the bottom.
The map is provided for the season when transfer capability is required or for the peak demand season if there are
no prudent recommendations. All data is provided for 2033 unless otherwise noted. Each of the following pages is
organized as follows:

Transfer Capability Summary Section

Current summer and winter transfer capability columns include each of the interface names importing to the
TPR summarized along with the summer and winter transfer capability quantified in Part 1.

The prudent additions column provides the results of the simulations and the recommended additions to
transfer capability for each interface.

Recommended summer and winter transfer capability columns provide the TTC for each interface with
prudent additions to the current transfer capability. Prudent additions are only added in the season(s) that
they are needed to mitigate resource deficiencies.

The total import interface limit represents the simultaneous import transfer capability determined in Part 1,
excluding any transfer capability on dc-only interfaces, which is added to the following line if applicable.
The total import interface + dc-only interfaces limit is provided both in MW and normalized as a percentage
of the TPR’s 2033 peak demand.

Energy Adequacy by Iteration Section

This section provides information on each iteration of the simulation, whether or not transfer capability was
added for the respective TPR. In general, the energy adequacy metrics will improve in each iteration.
Interchange hours represent the number of hours that the TPR imports from its neighbors in order to meet
the 10% tight margin level. It is normalized by the total number of hours evaluated.

Tight margin hours and resource deficiency hours quantify the total number of hours with tight margins
{<10%) and resource deficiencies, respectively, after accounting for available transfers from neighbors. This
is the total number of hours for all 12 weather years.

Max resource deficiency represents the largest resource deficiency during the 12 weather years.

Total deficiency is the total GWh of resource deficiency across the 12 weather years.

Capacity and Load Data Section

Resource capacity is presented for 2024 and 2033 by resource type. Thermal capacity includes coal, nuclear,
single-fuel gas, dual-fuel gas, oil, biomass, geothermal, and other fuels. Variable renewable resources
includes land-based wind, offshore wind, utility-scale solar, and behind-the-meter solar. Energy limited
resources include pumped storage hydro, battery storage, and demand response.

Winter capacities are provided for all thermal and hydro capacities. Nameplate capacity is provided for
variable renewable and energy limited resources.

Summer and winter peak demand is provided for 2024 and 2033 and represents the median peak demand,
inclusive of behind-the-meter solar resources, but prior to demand response.

Resource Deficiency Events Section

The summary statistics for each day of resource deficiency in the base 2033 case is provided if applicable.
Daily peak demand represents the day’s highest load, regardless of when it occurs. Resource deficiency hours
may occur before or after the peak demand hour due to variable renewable resources and energy limited
resources having changing availability throughout the day.
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Results for the following interfaces are presented in this chapter:

Washington
Oregon
California North
California South
Southwest
Wasatch Front
Front Range
ERCOT

SPP-N

SPP-S

MISO-W
MISO-C
MISO-S
MISO-E
SERC-C
SERC-SE
SERC-Florida
SERC-E

PJM-W

PJM-S

PJM-E

New York
New England
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Washington

Total Transfer Capability (TTC) Summary

QOregon to Washington 4,103 2,713

Wasatch Front to Washington 7,377 7,030

British Columbia to Washington 2,358 2,170

Total Import Interface Limit 7,377 | 10,297 - Current Transfer Capability
Total Import Interface Limit 7,377 | 10,297 e Existing irtertace

+ dc-only Interfaces Limit xwwux Existing de-only interface

{as % of 2033 Peak Demand) 33% 47% e How interface

Note: The percentage of peak demand uses the higher of summer and winter 2033 peak load values Existing, non-neighboring interface

Energy Adequacy by Iteration

Base 43 a s} 0.0
Iteration 1 ! 42 Q 0 0.0
Iteration 2 N 41 Q 0 0.0
Iteration 3 HAA 42 0 0 0.0

Note: Tight margin hours and resource deficiency hours are the total across 12 weather years

Resource Deficiency Events

Capacity and Load Data (in MW)

6874 | 7,550

Therma

Hydro 25,957 26,336
Variable Renewable 3,254 5,099
Energy Limited 472 469

Total 36,557 39,454

Note: Thermal and hydro volues represent winter ratings

Summer Peak 16,280 19,199
Winter Peak 19,357 22,136

Note: Median peak demand across ol weather years

Note: Daily peck demand does not necessarily reflect demand during resource deficiency hours
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Oregon

Total Transfer Capability (TTC) Summary

Note: The percentage of peak demand uses the higher of summer and winter 2033 peak load values

Energy Adequacy by Iteration

Base 142 0 0 0.0
Iteration 1 139 0 0 0.0
Iteration 2 139 0 0 0.0
Iteration 3 137 0 0 0.0

Capacity and Load Data (in MW)

Note: Tight margin hours and resource deficiency hours are the total across 12 weather years

California North to Oregon
California South to Oregon 3,100 3,100
Wasatch Front to Oregon 4,748 5,079
Washington to Cregon 7,085 7,496
California
North
Total Import Interface Limit 8,004 | 7,53  Current Transfer Ca
Total Import Interface Limit 11102 | 10634 w— Existing interface
+ dec-only Interfaces Limit ! ! weues Existing de-only interface
{as % of 2033 Peak Demand) 91% 87% - New interface

= Existing, non-nelghboring interface

Resource Deficiency Events

Thermal 4,786 4,688
Hydro 5,228 5,314
Variable Renewable 6,724 10,334
Energy Limited 93 96
Total 16,831 20,432
Nate: Thermal and hydro values represent winter ratings

Summer Peak 10,516 12,237
Winter Peak 10,437 11,942

Note: Median peak demand across alf weather years

Note: Daily peak demand does not necessarily reflect demand during resource deficiency hours
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California North!42

Total Transfer Capability (TTC) Summary

Oregon

Note: The percentage of peak demand uses the higher of summer and winter 2033 peak load values

Energy Adequacy by Iteration

Base 331 17 3,211 22.4
Iteration 1 1,069 296 8 2,140 7.3
Iteration 2 1,069 281 3 2,140 5.9
Iteration 3 1,069 276 3 2,140 5.6

Nate: Tight margin hours and resource deficiency hours are the total across 12 weather years

Capacity and Load Data (in MW)

Existing, non-neighboring interface

QOregon to California North 3,972 6,175 0 3,972
California South to California North 0 3,861 0 0
Wasatch Front to California North 116 5,388 1,100 1,216 -

California

California Sout

Total Import Interface Limit 3,972 | 6631 | 1,100 5,072 irrent Transfer Capability
Total Import Interfact? Ll.mlt 3,072 6,631 1,100 5,072 e Existing interface
+ dc-only Interfaces Limit =wxxe Existing de-only interface
(as % of 2033 Peak Demand) 14% 23% 4% 17% == New interface

Califo ﬁ;é \
MNorth”

Resource Deficiency Events

Thermal 20,003 ,969

Hydro 9,625 9,625 L . L o

Variable Renewable 13,846 19,379 9/5 WY2022 Summer ,047 .

Energy Limited 4,322 5,109 9/6 WY2022 Summer 33,493 6 12.4 3,211
Total 47,796 52,082 9/7 WY2022 Summer 31,229 2 0.6 382
Note: Thermal and hydro values represent winter ratings 9/8 WY2022 Summer 3 2,0 19 S 7.7 2,290
Summer Peak 24,542 29,368

Winter Peak 15,917 18,332

Note: Median peak demand across all weather years

Note: Daily peak demand does not necessarily reflect demand during resource deficiency hours

142 prydent additions include only iteration 1 due to resource saturation in neighboring TPRs. As a result, some resource deficiency hours were

not resolved.
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California South

Total Transfer Capability (TTC) Summary

~ Current Transfe :‘ckképa,i;:iﬁty .

California North to California South | 4,647 5,676
Oregon to California South 3,220 3,220
Southwest to California South 7,667 8,752
Wasatch Front to California South 5,419 5,568
Total Import Interface Limit 7,829 11,288
Total Import Inter‘fac«-a L[mlt 11,009 | 14,508
+ dc¢-only Interfaces Limit

(as % of 2033 Peak Demand) 26% 34%

Note: The percentage of peak demand uses the higher of summer and winter 2033 peak load values

Energy Adequacy by Iteration

Base 272 0 0 0.0
Iteration 1 270 0 0 0.0
Iteration 2 278 0 0 0.0
Iteration 3 b 269 0 0 0.0

Note: Tight margin hours and resource deficiency hours are the total across 12 weather years

Capacity and Load Data (in MW)

me—— Existing interface
=eves Existing de-only interface
s New interface

Resource Deficiency Events

Existing, non-neighboring interface

Thermal 27,462 28,624
Hydro 1,839 1,839
Variable Renewable 30,356 37,068
Energy Limited 9,609 12,190
Total 69,266 79,721
Note: Thermal and hydro values represent winter ratings

Summer Peak 34,691 42,602
Winter Peak 22,495 26,767

Note: Median peak demand across oll weather years

Note: Daily peak demand does not necessarily reflect demand during resource deficiency hours
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Southwest

Total Transfer Capability (TTC) Summary

Front Range to Southwest 0 0

California South to Southwest 5,247 8,470

Wasatch Front to Southwest 2,351 2,095

Total Import Interface Limit 5,247 8,470 e s e S :

Total Import Interface Limit - Current Transfer Capability
- 5,247 | 8,470 gedhii Halim

+ dc-only Interfaces Limit

{as % of 2033 Peak Demand) 20% 33% weme EXiSTING interface

=wwex Existing de-only interface

Note: The percentage of peak demand uses the higher of summer and winter 2033 peak load values
waes New interface

Energy Adequacy by Iteration

Base 170 0 0 0.0
lteration 1 177 0 0 0.0
Iteration 2 176 0 0 0.0
Iteration 3 175 0 0 0.0

Note: Tight margin hours and resource deficiency hours are the total across 12 weather years

Capacity and Load Data (in MW)

Existing, non-neighboring interface

Resource Deficiency Events

Thermal 24,634 23,099
Hydro 2,568 2,568
Variable Renewable 6,845 21,959
Energy Limited 1,320 3,170
Total 35,367 50,796
Note: Thermal and hydro values represent winter ratings

Summer Peak 21,320 25,909
Winter Peak 12,104 14,071

Note: Median peak demand across alf weather years

Note: Daily peck demand does not necessarily reflect demand during resource deficiency hours
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Wasatch Front

Total Transfer Capability (TTC) Summary

Front Range to Wasatch Front 2,437 477

California North to Wasatch Front 1,961 4,980

Oregon to Wasatch Front 2,525 5,339

Saskatchewan to Wasatch Front Candidate | Candidate

California South to Wasatch Front 5,965 984

Southwest to Wasatch Front 5,821 1,295

SPP-N to Wasatch Front 200 200

Washington to Wasatch Front 1,925 4,498

Alberta to Wasatch Front 957 1,280

Total Import Interface Limit 5,965 5,558

Total Import Interface Limit

+ dc-onl\lfolnterfaces Limit 6,165 5,758 - -

o Existing interface
(as % of 2033 Peak Demand) 19% 18% =axes Existing de-only interface
Note: The percentage of peak demand uses the higher of summer and winter 2033 peak load values ey New interface
rface

Energy Adequacy by Iteration

Base 202 0 0 0.0
Iteration 1 202 0 0 0.0
Iteration 2 200 0 0 0.0
Iteration 3 204 0 0 0.0

Capacity and Load Data (in MW)

Note: Tight margin hours and resource deficiency hours are the total across 12 weather years

ighboring inte

dation

Resource Deficiency Events

Thermal 22,540 15,970
Hydro 3,325 3,362
Variable Renewable 15,126 28,891
Energy Limited 2,403 10,888
Total 43,394 59,111
Note: Thermal and hydro values represent winter ratings

Summer Peak 25,410 31,733
Winter Peak 18,452 22,178

Note: Median peak demand across oll weather years

Note: Daily peak demand does not necessarily reflect demand during resource deficiency hours
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Front Range

Total Transfer Capability (TTC) Summary

_ Current Transfer Capability

ERCOT to Front Range Candidate | Candidate
Southwest to Front Range 3,284 3,751
SPP-N to Front Range 510 510
SPP-S to Front Range 410 410
Wasatch Front to Front Range 2,032 1,984
Total Import Interface Limit 3,284 3,751
Total Import Interface Limit

+ dc-only Interfaces Limit 4,204 4,671
(as % of 2033 Peak Demand) 19% 21%

Note: The percentage of peak demand uses the higher of summer and winter 2033 peak load values

Energy Adequacy by Iteration

Base 117 0 0 0.0
Iteration 1 138 o] 0 0.0
Iteration 2 171 Q 0 0.0
Iteration 3 179 Q 0 0.0

Load Data (in MW)

Note: Tight margin hours and resource deficiency hours are the total across 12 weather yeors

e Existing interface
=xave Existing de-only interface
e Now interface
& Existing, non-neighboring interface

Resource Deficiency Events

Thermal 16,383 13,625
Hydro 2,795 2,819
Variable Renewable 15,738 26,621
Energy Limited 1,731 5,380
Total 36,647 48,445
Note: Thermal and hydro values represent winter ratings

Summer Peak 18,634 22,273
Winter Peak 15,293 18,468

Note: Median peak demand across all weather years

Note: Daily peak demand does not necessarily reflect demand during resource deficiency hours
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ERCOT#3

Total Transfer Capability (TTC) Summary

Front Range to ERCOT Candidate | Candidate 5,700 5,700 5,700
MISO-S to ERCOT Candidate | Candidate 4,300 4,300 4,300
SPP-S to ERCOT 820 820 4,100 4,920 4,920
Total Import Interface Limit 820 820 14,100 14,920 14,920
Total Import Interface Limit 820 820 14,100 14,920 14,920
+ dc-only Interfaces Limit

(as % of 2033 Peak Demand) 1% 1% 15% 16% 16%

Note: The percentage of peak demand uses the higher of summer and winter 2033 peak load values

Energy Adequacy by Iteration

135

Base 1520 18,926 1,074.7
Iteration 1 6300 271 30 13,976 1925
Iteration 2 6300 116 12 9,486 53.0
Iteration 3 6300 66 3 7,828 17.1

Nate: Tight margin hours and resource deficiency hours are the total across 12 weather years

Capacity and Load Data (in MW)

_ Current Transfer Capability

e Existing interface

w=wer Existing de-only interface

e New interface

Existing, non-neighboring interface
it

Resource Deficiency Events

Thermal 73,557 74,750

Hydro 549 549

Variable Renewable 69,673 104,290 1/17 WY2007 Winter 78,063 2 1.9 1,361

Energy Limited 13,586 24,951 1/9 WY2010 Winter 79,813 3 18.6 9,400

Total 157,365 204,540 7/11 WY2019 Summer 90,223 3 16.8 8,977

Note: Thermal and hydro values represent winter ratings 7/12 WY2019 Summer 88,454 2 53 2,727
8/14 WY2019 Summer 93,169 2 6.4 5,150

Summer Peak 84,059 92,214 9/22 WY2019 Summer 83,308 3 8.9 4,178

Winter Peak 69,495 79,832 10/27 WY2020 Summer 67,078 20 177.3 14,853

Note: Median peak demand across all weather years 10/28 WY2020 Summer 65,046 4 239 8,394
2/12 WY2021 Winter 81,982 63.2 12,556
2/13 WY2021 Winter 81,691 20 111.8 9,065
2/14 WY2021 Winter 88,567 11 96.6 14,513
2/15 WY2021 Winter 85,552 14 180.4 18,926
2/16 WY2021 Winter 83,137 13 142.2 14,198
2/17 WY2021 Winter 76,314 8 734 12,847
12/23 WY2022 Winter 88,897 3 38.3 14,321
12/24 WY2022 Winter 80,337 7 52.7 9,966
2/1 WY2023 Winter 76,242 5 17.9 6,305
8/24 WY2023 Summer 94,639 1 0.4 371
8/25 WY2023 Summer 94,402 4 22.7 12,108
8/26 WY2023 Summer 93,1856 3 15.5 6,763
8/30 WY2023 Summer 87,334 1 0.5 481

Note: Daily peak demand does not necessarily reflect demand during resource deficiency hours

143 prudent additions include only iterations 1 and 2, plus a portion of iteration 3, due to resource saturation in neighboring TPRs. As a result,

some resource deficiency hours were not resolved.
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SPP-N14
Total Transfer Capability (TTC) Summary
Front Range to SPP-N 510 510
MISO-W to SPP-N 2,209 0
Saskatchewan to SPP-N 165 663
SERC-C to SPP-N 1,183 0
SPP-S to SPP-N 1,705 0
Wasatch Front to SPP-N 150 150
Total Import Interface Limit 2,209 | 663 . CurrentTransfe - Capability
Total Import Interface Limit 2 869 1323 S HSEi i
+ de-only Interfaces Limit ’ ' ——— Existing interface
(as % of 2033 Peak Demand) 21% 10% mewns ;"35““8 dcf«m!y interface
wewe s New interface

Note: The percentage of peak dermand uses the higher of summer and winter 2033 peak lood values N . .
Existing, non-neighboring interface

Energy Adequacy by Iteration

Base 54 4 155 0.5
Iteration 1 52 48 4 104 0.3
Iteration 2 52 48 2 53 0.1
Iteration 3 52 37 1 2 0.0

Note: Tight margin hours and resource deficiency hours are the total across 12 weather years

Resource Deficiency Events

Capacity and Load Data (in MW)

Thermal 11,929 11,929

Hydro 2,904 2,904 L : : : . . ‘ :
Variable Renewable 6,509 6,509 2/11Wy2021 Winter 12,122 4 05 155
Energy Limited 81 187

Total 21,423 21,529

Note: Thermal and hydro values represent winter ratings

Summer Peak 12,231 13,517

Winter Peak 10,732 12,189

Note: Median peak demand acrass afl weather years

Note: Daily peak demand does not necessarily reflect demand during resource deficiency hours

144 prydent additions were not recommended because the maximum deficiency was under 300 MW.
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SPP-S
Total Transfer Capability (TTC) Summary

ERCOT to SPP-S 820 820 800 1,620

Front Range to SPP-S 410 410 1,200 1,610

MISO-C to SPP-S 3,873 5,635 0 5,635

MISO-S to SPP-S 3,033 3,878 0 3,878

MISO-W to SPP-S 2,086 3,801 1,700 5,501

SERC-C to SPP-S 5,042 65,445 0 6,445

SPP-N to SPP-S 1,501 1,785 0 s 1,785

Total Import Interface Limit 5042 | 6445 | 1,700 8,145 _ Current Transfer Capability
Total Import Interface Limit 6,272 | 7,675 3,700 10,145 e Existing interface

+ dc¢-only Interfaces Limit weuss Existing do-only interface

(as % of 2033 Peak Demand) 14% 17% 8% 22% mewe s Neow interface

Note: The percentage of peak demand uses the higher of summer and winter 2033 peak load values - Existing, non-neighboring intecface

PREGH

Energy Adequacy by Iteration

Base 177 34 4,137 54.7
Iteration 1 1,378 102 20 2,464 16.0
Iteration 2 1,378 75 3 817 1.8
Iteration 3 1,378 69 0 0 0.0

Note: Tight margin hours and resource deficiency hours are the total across 12 weather years

Resource Deficiency Events

Capacity and Load Data (in MW)

Thermal 43,323 43,275
Hydro 2,101 2,101
Variable Renewable 27,007 27,007 2/15 WY2021 Winter 40,353 16 22.3 2,914
Energy Limited 709 1,032 2/16 WY2021 Winter 40,832 7 15.4 4,137
Total 73,140 73,415 2/17 WY2021 Winter 35,808 11 17.0 3,257

Nate: Thermal and hydro values represent winter ratings

Summer Peak 41,758 46,105
Winter Peak 32,037 36,562
Note: Median peak demand across alf weather years

Note: Daily peak demand does not necessarily reflect demand during resource deficiency hours
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MISO-wW
Ontario |
Total Transfer Capability (TTC) Summary
Ontario to MISO-W 2,424 1,862
Manitoba to MISO-W 3,772 3,633
MISO-C to MISO-W 7,602 7,341
MISO-E to MISO-W 160 160
PIM-W to MISO-W 7,791 9,086
SERC-C to MISO-W 3,671 6,877
SPP-N to MISO-W 623 778
SPP-S to MISO-W 3,323 1,196
Total Import Interface Limit 7,791 9,086 L) ;
Total Import Interface Limit 7051 9246 e Existing interface
+ dec-only Interfaces Limit ! ! neans Existing de-only interface
{as % of 2033 Peak Demand) 21% 25% et New interface

Note: The percentage of peak demand uses the higher of summer and winter 2033 peak load values Existing, non-neighboring interface

Energy Adequacy by Iteration

Base 0 0 0 0.0
Iteration 1 Q 0 0 0.0
Iteration 2 Q 0 0 0.0
Iteration 3 Q 0 0 0.0

Note: Tight margin hours and resource deficiency hours are the total across 12 weather years

Resource Deficiency Events

Capacity and Load Data (in MW)

Thermal 35,680 32,247
Hydro 719 732

Variable Renewable 22,686 48,217
Energy Limited 1,953 5,647
Total 61,038 86,843

Nate: Thermal and hydro values represent winter ratings

Summer Peak 35,702 37,127
Winter Peak 31,265 32,450
Note: Median peak demand across alf weather years

Note: Daily peak demand does not necessarily reflect demand during resource deficiency hours
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MISO-C

Total Transfer Capability (TTC) Summary

MISO-E to MISO-C 6,344 6,531

MISO-S to MISO-C 2,117 1,093

MISO-W to MISO-C 6,199 7,306

PIJM-W to MISO-C 6,986 20,449

SERC-C to MISO-C 8,288 8,441

SPP-S to MISO-C 2,481 2,420

Total Import Interface L!mit 12,714 20,449 i Fc ehtkfmhsferc pabﬂitv

Total Import Inter‘facta L!mlt 12,714 20,449 - - .

+ dc¢-only Interfaces Limit weean Existing interface

(as % of 2033 Peak Demand) 37% 60% evass Existing dc-only interface
e Now interface

Note: The percentage of peak demand uses the higher of summer and winter 2033 peak load values A R .
Existing, non-neighboring interface

Energy Adequacy by Iteration

Base 0 0 0 0.0
Iteration 1 15 0 0 0.0
Iteration 2 15 0 0 0.0
Iteration 3 15 0 0 0.0

Note: Tight margin hours and resource deficiency hours are the total across 12 weather years

Capacity and Load Data (in MW) Resource Deficiency Events

Thermal 28,986 23,418
Hydro 468 477

Variable Renewable 8,232 29,712
Energy Limited 2,306 23,632
Total 39,992 77,239

Nate: Thermal and hydro values represent winter ratings

Summer Peak 32,967 34,278
Winter Peak 28,573 29,665
Note: Median peak demand across alf weather years

Note: Daily peak demand does not necessarily reflect demand during resource deficiency hours
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MISO-S
Total Transfer Capability (TTC) Summary
ERCOT to MISO-S Candidate | Candidate 300 300
MISO-C to MISO-S 1,797 4,067 0 1,797
SERC-C ta MISO-S 1,457 3,342 0 1,457
SERC-SE to MISO-S 1,638 4,028 300 1,938
SPP-S to MISO-S 4,295 4,336 0 4,295
Total Import Interface Limit 4,295 4,336 300 4,595
Total Import Interface Limit 4295 4336 600 4.895 — Existing interface
+ dec-only Interfaces Limit ! ' ! sunxe Existing de-only interface
(as % of 2033 Peak Demand) 12% 12% 2% 14% wewms New interface

Note: The percentage of peak demand uses the higher of summer and winter 2033 peak load values

Energy Adequacy by Iteration

629 15

Base 297 4

Iteration 1 209 278 2 420 0.8
Iteration 2 209 241 2 211 0.4
Iteration 3 209 205 1 2 0.0

Note: Tight margin hours and resource deficiency hours are the total across 12 weather years

Resource Deficiency Events

Capacity and Load Data (in MW)

Thermal 41,748 34,904

Hydro 704 717

Variable Renewable 1,250 18,671 6/22 WY2009 | Summer 34,503

Energy Limited 1,773 2,038 7/20 WY2011 |  Summer 36,724 2 0.8 629
Total 45,475 56,330

Nate: Thermal and hydro values represent winter ratings

Summer Peak 33,676 34,980
Winter Peak 26,054 27,034
Note: Median peak demand across alf weather years

Note: Daily peak demand does not necessarily reflect demand during resource deficiency hours
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MISO-E
Total Transfer Capability (TTC) Summary
Ontario to MISO-E 2,348 1,649 0 2,348
MISO-C to MISO-E 4,864 5,585 0 4,864
MISO-W to MISO-E 160 160 2,000 2,160
PJIM-W to MISO-E 4,345 5,608 1,000 5,345
Total Import Interface Limit 5,139 7,019 1,000 6,139 : Cu rrentTransjer‘Cap a kty
Total Import Interface Limit 5290 | 7,179 3,000 8,299 = Existing inttertace
+ dc¢-only Interfaces Limit <xxxx Existing de-only interface
(as % of 2033 Peak Demand) 24% 32% 13% 37% = New interface

Existing, no

Note: The percentage of peak demand uses the higher of summer and winter 2033 peak lood values ighboring interface
i1

Energy Adequacy by Iteration

Base 672 58 5,715 132.7

Iteration 1 1,903 116 5 977 1.9
Iteration 2 1,903 10 0 0 0.0
Iteration 3 1,903 10 0 0 0.0

Note: Tight margin hours and resource deficiency hours are the total across 12 weather years

Resource Deficiency Events

Capacity and Load Data (in MW)

Thermal 19,332 15,262

Hydro 88 90

Variable Renewable 4,502 12,740 8/2 WY2011 Summer 22,516 5 3.7 1676

Energy Limited 3,345 3,317 7/2 WY2020 Summer 21,926 3 1.9 982

Total 27,267 31,409 7/3 WY2020 Summer 21,584 4 2.0 650

Nate: Thermal and hydro values represent winter ratings 7/5 WY2020 Summer 20,700 4 0.8 380
7/6 WY2020 Summer 23,403 11 41.6 5,715

Summer Peak 21,536 22,370 7/7 WY2020 Summer 23,850 11 38.3 5,353

Winter Peak 15,622 16,241 7/8 WY2020 Summer 23,209 7 12.8 3,718

Note: Median peak demand across alf weather years 7/9 WY2020 Summer 23,522 10 30.1 4,206
8/25 WY2021 Summer 23,093 3 1.5 979

Note: Daily peak demand does not necessarily reflect demand during resource deficiency hours
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SERC-C
Total Transfer Capability (TTC) Summary

MISO-C to SERC-C 235 3,903

MISO-S to SERC-C 2,468 1,361

MISO-W to SERC-C 150 4,141

PJM-W to SERC-C 5,444 5,786

SERC-E to SERC-C 3,257 2,675

SERC-SE to SERC-C 6,579 4,639

SPP-N to SERC-C 128 1,102

SPP-S to SERC-C 859 5,591

Total Import Interface Limit 6,878 | 8,443 " Current Transfer Capabiiity
Total Import Interface Limit - . .
+ dec-only Interfaces Limit 6,878 8,443 wes Existing interface

(as % of 2033 Peak Demand) 16% 20% wnexe Existing de-only interface

e New interface

Note: The percentage of peak demand uses the higher of summer and winter 2033 peak load values . gt P
P 92 of p gher of P Existing, non-neighboring interface

Energy Adequacy by Iteration

Base 18

0 0 0.0
Iteration 1 19 0 0 0.0
Iteration 2 19 0 0 0.0
Iteration 3 i 18 0 0 0.0

Note: Tight margin hours and resource deficiency hours are the total across 12 weather years

Resource Deficiency Events

Capacity and Load Data (in MW)

Thermal 44,841 47,921
Hydro 4,971 4,971
Variable Renewable 2,342 3,580
Energy Limited 3,506 3,667
Total 55,660 60,139

Nate: Thermal and hydro values represent winter ratings

Summer Peak 42,203 43,083
Winter Peak 42,226 42,700
Note: Median peak demand across alf weather years

Note: Daily peak demand does not necessarily reflect demand during resource deficiency hours
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SERC-SE
Total Transfer Capability (TTC) Summary

MISO-S to SERC-SE 3,600 3,392

SERC-C to SERC-SE 1,095 5,387

SERC-E to SERC-SE 1,703 3,536

SERC-FL to SERC-SE 1,322 0

Total Import Interface Limit 4,900 | 6,525  Current Transfer Cépabiﬁtyﬁ o
Total Import Interface Limit B SR N s

. 4,900 6,525
+ dc¢-only Interfaces Limit e Existing interface
{as % of 2033 Peak Demand) 10% 14% =»aux Existing de-only interface

v New interface
S isting, non-neighboring interface

RV

Note: The percentage of peak demand uses the higher of summer and winter 2033 peak load values

Energy Adequacy by Iteration

Base 12 0 0 0.0
Iteration 1 i 11 0 0 0.0
Iteration 2 g 12 0 0 0.0
Iteration 3 7 0 0 0.0

Note: Tight margin hours and resource deficiency hours are the total across 12 weather years

Resource Deficiency Events

Capacity and Load Data (in MW)

Thermal 54,953 55,016
Hydro 3,242 3,242
Variable Renewable 6,787 7,076
Energy Limited 3,698 4,227
Total 68,680 69,561

Nate: Thermal and hydro values represent winter ratings

Summer Peak 46,322 47,849

Winter Peak 45,127 47,680

Note: Median peak demand across alf weather years

Note: Daily peak demand does not necessarily reflect demand during resource deficiency hours
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SERC-Florida
Total Transfer Capability (TTC) Summary
SERC-SE to SERC-FL 2,958 1,807 1,200 4,158 3,007
Total Import Interface Limit 2,958 | 1,807 | 1,200 4,158 3,007 _ Current Transfer Capability
Total Import Inter‘fac«-a L[mlt 2,958 1,807 1,200 4,158 3,007 = Existing interface
+ dc¢-only Interfaces Limit wxwxs Existing de-only interface
(as % of 2033 Peak Demand) 5% 3% 2% 7% 5% = New interface

isting, non-neighboring interface

Note: The percentage of peak demand uses the higher of summer and winter 2033 peak load values

Energy Adequacy by Iteration

Base i 6518 6 1,152 3.7
Iteration 1 384 540 4 768 2.0
Iteration 2 384 450 3 384 0.7
Iteration 3 384 358 1 0 0.0

Note: Tight margin hours and resource deficiency hours are the total across 12 weather years

Capacity and Load Data (in MW) Resource Deficiency Events

Thermal 60,349 56,952

Hydro 0 0 . ‘

Variable Renewable 11,770 28,984 6/22 WY2009 [ Summer 61,414 1 0.5 533
Energy Limited 3,299 7,388 10/8 WY2009 |  Summer 55,305 3 1.2 1,030
Total 75,418 93,324 1/11WY2010|  Winter 63,312 2 2.0 1,152

Note: Thermal and hydro values represent winter ratings

Summer Peak 53,219 58,977
Winter Peak 48,260 52,952

Note: Median peak demand across oll weather years

Note: Daily peak demand does not necessarily reflect demand during resource deficiency hours
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SERC-E
Total Transfer Capability (TTC) Summary

PJM-S to SERC-E 4,665 5,463 0 5,463

PIM-W to SERC-E 5318 | 4286 | 1,600 5,886

SERC-C to SERC-E 2419 | 331 300 3,611

SERC-SE to SERC-E 2,397 | 3,669 | 2,200 5,869

Total Import Interface Limit 6,959 | 5463 | 4,100 9,563 Current Transfer Capability
Total Import Interface Limit 6959 | 5463 | 4,100 9,563 = Existing interface

+ dc-only Interfaces Limit =2avs Existing de-only interface

{as % of 2033 Peak Demand) 15% 11% 9% 20% meaes New interface

Note: The percentage of peak demand uses the higher of summer and winter 2033 peak load values Existing, non-neighboring interface

Energy Adequacy by Iteration

Base 74

9 5,849 30.2
Iteration 1 1,948 44 5 3,901 9.8
Iteration 2 1,948 22 2 258 0.4
Iteration 3 1,948 21 0 0 0.0

Note: Tight margin hours and resource deficiency hours are the total across 12 weather years

Resource Deficiency Events

Capacity and Load Data (in MW)

Thermal 46,552 45,796

Hydro 3,164 3,164 L

Variable Renewable 2,363 5,852 12/24 WY2022 Winter 54,603 8 28.8 5,849
Energy Limited 4,112 4,892 12/25 WY2022 Winter 49,414 1 1.4 1,432
Total 56,191 59,714

Nate: Thermal and hydro values represent winter ratings

Summer Peak 43,963 47,329
Winter Peak 45,015 47,591
Note: Median peak demand across alf weather years

Note: Daily peak demand does not necessarily reflect demand during resource deficiency hours
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PIM-W

Total Transfer Capability (TTC) Summary

MISO-C to PIM-W 6,572 10,790

MISO-E to PIM-W 5,603 5,940

MISO-W to PIM-W 2,518 8,011

P)M-E to PIM-W 1,443 166

PJM-S to PJM-W 5,347 10,942

SERC-C to PIM-W 6,646 6,710

SERC-E to PIM-W 5,185 4,448

Total Import Interface Limit 21,773 | 10,942 o« ?}'éhtfran C apkabﬂit’
Total Import Interfact:_‘ L[mlt 21,773 10,042 . . i

+ dc-only Interfaces Limit e Existing interface

{as % of 2033 Peak Demand) 26% 13% ==e Existing de-only interface

e Now interface
Exist neighbori

Note: The percentage of peak demand uses the higher of summer and winter 2033 peak load values

Energy Adequacy by Iteration

Base 3 0 0 0.0
Iteration 1 7 0 0 0.0
Iteration 2 10 Q 0 0.0
Iteration 3 8 Q 0 0.0

Note: Tight margin hours and resource deficiency hours are the total across 12 weather yeors

Resource Deficiency Events

Capacity Load Data (in MW)

Thermal 90,190 92,700

Hydro 1,177 1,194
Variable Renewable 23,454 26,652
Energy Limited 5,151 5,494
Total 119,972 126,040

Note: Thermal and hydro values represent winter ratings

Summer Peak 78,112 84,656
Winter Peak 68,845 75,667

Note: Median peak demand across all weather years

Note: Daily peak demand does not necessarily reflect demand during resource deficiency hours
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PIM-S
Total Transfer Capability (TTC) Summary
PJM-E to PIM-S 5,094 6,770 2,800 9,570
PIM-W to PIM-S 7,041 9,035 0 9,035
SERC-E to PIM-S 4,596 4,963 0 4,963
Total Import Interface Limit 9,578 | 9,035 2,800 11,835 Current Transfer Capability
Total Import Inter‘facta L!mlt 9,578 9,035 2,800 11,835 e Existing interface
+ dc¢-only Interfaces Limit wneex Existing de-only interface
{as % of 2033 Peak Demand) 24% 23% 7% 30% e New interface

Note: The percentage of peak demand uses the higher of summer and winter 2033 peak load values Existing, npn«ne:ghhor;ng sntgrface

Energy Adequacy by Iteration

Base 185 20 4,147 45.3

lteration 1 1,381 58 2 2,026 2.7
Iteration 2 1,381 39 0 0 0.0
Iteration 3 0 39 0 0 0.0

Note: Tight margin hours and resource deficiency hours are the total across 12 weather years

Resource Deficiency Events

Capacity and Load Data (in MW)

Thermal 32,899 31,049

Hydro 552 552

Variable Renewable 12,967 16,511 12/24 WY2022 Winter 42,924 13 31.6 4,147
Energy Limited 4,690 4,918 12/25 WY2022 Winter 39,928 7 13.7 3,874
Total 51,108 53,030

Nate: Thermal and hydro values represent winter ratings

Summer Peak 36,813 39,510
Winter Peak 32,927 36,002
Note: Median peak demand across alf weather years

Note: Daily peak demand does not necessarily reflect demand during resource deficiency hours
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PIM-E
Total Transfer Capability (TTC) Summary

Ontario to PIM-E Candidate | Candidate

New York to PJIM-E 913 4,019

PJM-S to PIM-E 1,605 4,166

PJIM-W to PIM-E 4,762 9,815

Total Import Interface Limit 4,762 9,815 : Cu{’féh‘t T!‘éhéféf Capab;ﬁty w

Total Import Interface Limit i s sl
- 4,762 9,815 "

+ dc-only Interfaces Limit — Existing interface

{as % of 2033 Peak Demand) 12% 24% wxner Existing de-only interface

s Now interface

Note: The percentage of peak demand uses the higher of summer and winter 2033 peak load values A . ..
Existing, non-neighboring interface

Energy Adequacy by Iteration

Base 0 0 0 0.0
Iteration 1 0 o] 0 0.0
Iteration 2 1 Q 0 0.0
Iteration 3 0 Q 0 0.0

Note: Tight margin hours and resource deficiency hours are the total across 12 weather yeors

Load Data (in MW) Resource Deficiency Events

Thermal 50,502 51,861
Hydro 1,366 1,366
Variable Renewable 9,947 15,507
Energy Limited 3,426 3,719
Total 65,241 72,453

Note: Thermal and hydro values represent winter ratings

Summer Peak 37,865 40,566
Winter Peak 31,522 34,488

Note: Median peak demand across all weather years

Note: Daily peak demand does not necessarily reflect demand during resource deficiency hours
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New York

Total Transfer Capability (TTC) Summary

Québec g

Québec to New York 1,000 1,000 1,900 2,900 ew England
Ontario to New York 2,286 2,719 0 2,286

New England to New York 1,660 1,359 0 1,660

PJM-E to New York 1,356 4,814 1,800 3,156

Total Import Interface Limit 2,802 | 4,814 1,800 4,602 - CurrentTransfer Capability
Total Import Inter‘fac«-a L[mlt 3,802 5,314 3,700 7,502 Existing interface

+ dc¢-only Interfaces Limit xaxus Exjsting de-only interface

(as % of 2033 Peak Demand) 11% 17% 11% 22% e New interface

Note: The percentage of peak demand uses the higher of summer and winter 2033 peak load values

Energy Adequacy by Iteration

Base 302 52 3,729 75.0
Iteration 1 1,242 149 20 2,431 22.5
Iteration 2 1,242 86 9 1,189 4.5
Iteration 3 1,242 58 0 0 0.0

Note: Tight margin hours and resource deficiency hours are the total across 12 weather years

Capacity and Load Data (in MW)

Existing, non-neighboring interface

Resource Deficiency Events

Thermal 31,114 31,079

Hydro 4,921 4,921

Variable Renewable 9,114 15,322 6/10 WY2008 |  Summer 35,149 2 0.1 81

Energy Limited 1,983 1,983 7/6 WY2010 Summer 36,429 3 2.7 929

Total 47,132 53,305 7/7 WY2010 Summer 35,389 5 10.9 3,244

Nate: Thermal and hydro values represent winter ratings 8/31 WY2010 Summer 33,777 4 4.0 1,534
7/21WY2011 Summer 36,672 3 1.9 754

Summer Peak 31,496 34,345 7/22 WY2011 Summer 36,792 4 5.6 1,748

Winter Peak 24,161 31,467 6/22 WY2012 Summer 35,963 6 6.3 1,998

Nole: Median peak demand across alf weather years 7/18 WY2012 Summer 36,725 6 8.9 2,631
7/18 WY2013 Summer 36,798 4 3.3 1,229
9/5 WY2023 Summer 33,473 6 13.3 3,502
9/6 WY2023 Summer 34,679 6 15.7 3,729
9/7 WY2023 Summer 33,716 3 2.4 1,491

Note: Daily peak demand does not necessarily reflect demand during resource deficiency hours
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New England

Total Transfer Capability (TTC) Summary
Québec to New England 2,225 2,225 400 2,625
Maritimes to New England 1,127 1,265 300 1,427
New York to New England 1,303 2,432 0 1,303
Total Import Interface Limit 2,313 | 3,033 300 2,613 . ‘Current_jzansfer Capability
Total Import Inter‘fac«-a L[mlt 4,538 5,258 700 5,238 e Existing interface
+ dc-only Interfaces Limit wusns Existing de-only interface
(as % of 2033 Peak Demand) 16% 18% 2% 18% wwer New interface

Note: The percentage of peak demand uses the higher of summer and winter 2033 peak load values Existing. non-neighboring inte'face

Energy Adequacy by Iteration

Base : 146 5 984 2.4
Iteration 1 328 113 2 547 1.0
Iteration 2 328 80 0 0 0.0
Iteration 3 0 73 0 0 0.0

Note: Tight margin hours and resource deficiency hours are the total across 12 weather years

Resource Deficiency Events

Capacity and Load Data (in MW)

Thermal 26,567 26,377

Hydro 1,894 1,893 . . .

Variable Renewable 8,903 13,804 7/6 WY2010 Summer 30,683 1 0.1 85
Energy Limited 2,784 2,796 6/22 WY2012 |  Summer 30,384 3 2.2 984
Total 40,148 44,870 7/16 WY2013 Summer 29,828 1 0.1 68

Note: Thermal and hydro values represent winter ratings

Summer Peak 25,140 29,168
Winter Peak 20,552 26,829

Note: Median peak demand across oll weather years

Note: Daily peak demand does not necessarily reflect demand during resource deficiency hours
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Chapter 10: Meeting and Maintaining Transfer Capability (Part 3)

The third requirement in the Fiscal Responsibility Act of 2023 is to make recommendations to meet and maintain
current transfer capability as well as the recommended additions.
As noted above, Part 2 of the ITCS recommended increases to transfer

capability on particular interfaces as directed by the congressional Increased transfer capability is one
mandate, but intentionally did not specify a particular set of projects of many options for addressing the
or approach. This was intentional, as planners have multiple options identified energy deficiencies.
for mitigating the identified energy adequacy risks. At a high level,

these are:

* Increase transfer capability to neighbors with surplus resources

e Construct local generation

* Increase demand response resources

o Accept the identified risks during extreme events (assuming other reliability thresholds are met).

The implementation time for these enhancements vary considerably, so depending on the options selected, grid
operators must be prepared to maintain the reliability of the BPS through emergency measures, including rotating
outages if necessary.

Meeting Transfer Capability

If planners elect to increase transfer capability, there are multiple options to consider, including:

e Upgraded transmission infrastructure
¢ Remedial action schemes (RAS)

¢ Dynamic line ratings (DLR)

e Power flow control devices

The last two of these, along with advanced conductors, are frequently referred to as grid enhancing technologies.
Grid enhancing technology projects are typically less expensive and require less lead time than building a new
transmission line.

Regardless of the options chosen, planners need to perform detailed studies'® to select projects and implement
enhancements that will not result in other reliability issues. Increased transfers between TPRs can improve energy
adequacy in some situations, but large transfers also have reliability implications that must be considered. When a
large amount of energy is transferred, certain aspects of reliable system operations — such as system stability, voltage
control, and minimizing the potential for cascading outages — must also be considered and mitigated, including the
ability to withstand unplanned facility outages. This evaluation is crucial as an increased transfer capability may
benefit neighboring TPRs under stressed conditions, but it can also potentially create reliability issues at other times
if not mitigated.

Planners recognize that the thermal ratings of transmission lines may not be the most limiting constraint. Substation
equipment may be more limiting than the transmission wires, so DLR or advanced conductors would not be effective
without also upgrading the limiting elements. There may also be voltage limitations that can be remediated through
capacitors or other reactive compensation devices. Finally, in some instances, there may also be stability constraints
that need to be appropriately addressed. All solutions must be carefully coordinated between neighboring planners
to avoid unforeseen third-party impacts.

1%5 Transmission Planners and Planning Coordinators should consider both TPL-001 studies plus other study methods to review potential
solutions to identified deficiencies.
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Upgraded Transmission Infrastructure

Building new and reconductoring existing transmission lines between TPRs are often effective options to increase
transfer capability. Building new lines, either ac or dc,'* between TPRs increases the ability to transfer energy, but
this is typically a lengthy process, especially if new right-of-way is required.

Another way to increase transfer capability is to reconductor existing transmission lines with conductors having
higher ratings. Advanced high-temperature low-sag (HTLS) conductors use new materials and designs to increase the
current-carrying capacity of transmission lines without significant sag, even at high temperatures. The operational
characteristics of these conductors should be fully considered when evaluating potential applications.

In some cases, existing tower structures can be raised to provide additional ground clearance and thereby allow
operation at a higher conductor temperature.

Remedial Action Schemes (RAS)

In certain circumstances, it may be possible to increase transfer capability using a RAS. These schemes automatically
respond to unplanned equipment outages when necessary to maintain operation within reliability criteria. The use
of RAS must be planned, coordinated, and monitored to avoid unintended consequences. The use of RAS is generally
discouraged as a long-term solution, as these schemes introduce higher levels of operational complexity, but may be
helpful in the short term while other solutions are being implemented.

Dynamic Line Ratings (DLR)

This technology uses real-time and forecasted weather conditions to continuously calculate the thermal capacity of
transmission lines, typically based on a variety of factors.!*” At times it is possible to increase transfer capability by
using higher facility ratings given lower temperatures and/or higher wind speeds. During favorable weather
conditions, DLR can increase the transmission rating by 10-30%.'* DLR can provide improved real-time visibility and
customized equipment rating profiles.

However, DLR may not be suitable for addressing recommended additions in all situations, such as if the driving
weather event was a summer event where temperatures are high and wind speeds are generally lower. Localized
weather conditions are difficult to predict more than a day or two in advance, so planning studies beyond the
operational time horizon may still need to rely on seasonal weather conditions to determine the facility ratings.

Power Flow Control Devices

Power flow control devices, such as Flexible AC Transmission Systems (FACTS), Phase-Shifting Transformers (PST),
and series compensation devices, are used to control and redirect the flow of electricity. This typically involves routing
energy flows away from limiting constraints to optimize the use of existing transmission facilities without making
changes to generator dispatch or topology. In general, FACTS have been in place for many years, but newer digital
control technology allows for faster responses to system needs. This is especially of benefit in a loss of transmission
or other contingency situation where these devices can quickly re-distribute power to maximize TTC. These devices
could also be helpful in the integration of new renewable energy resources by using the existing capacity of the
transmission system. Considering power flow control devices during the transmission planning process could allow
for more options outside of transmission system expansion.

Maintaining Transfer Capability

The actual transfer capability available during real-time operations may be different from the calculated transfer
capability, because system conditions during actual operation may be different from the studied conditions. A certain
level of transfer capability cannot always be maintained due to changing system conditions, including planned

145 Because the Interconnections operate asynchronously, traditional ac solutions are unable to transfer energy between Interconnections.

147 ERO Enterprise comments on FERC’s advance notice of proposed rulemaking (ANOPR) were filed on October 15, 2024. See also Reliability
Insights for more information on dynamic line ratings.

198 https://www.energy.gov/oe/articles/dynamic-line-rating-report-congress-june-2019
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maintenance and forced outages. Since it is not possible to always maintain a particular level of transfer capability in
the operations horizon, this section focuses primarily on what can be done in the planning horizon.

Future Studies

The data used in this study — including load forecasts, transmission topology, and resource mix — are constantly
changing. NERC and the Regional Entities, working with industry, are planning to conduct regular assessments, rolled
into future LTRA reports, that will consider the latest developments in resource mixes, transmission infrastructure,
new load projections, and changing weather and climate patterns.

Planners can also evaluate changes in transfer capability as a part of regular planning processes, generator
interconnection evaluations, and resource retirement studies. NERC encourages wide-area studies that halistically
integrate transmission and resource planning.

Collectively, these studies can identify trends in interregional transfer capability and inform energy adequacy risk.

Coordination Agreements

Strong coordination is important under normal and emergency operating conditions, but is particularly vital when
the grid is stressed, such as during extreme weather events. Entities should ensure that coordination procedures are
in place to maximize the support that can be reliably provided to help promote energy adequacy. This has been an
important factor in minimizing the impact of recent events.

Effective interregional coordination of maintenance is also critical. The transmission system must be maintained,
including rigorous operations and maintenance procedures, such as tree trimming and insulator washing, so that
transmission lines are protected from some of the external factors that can contribute to faults which remove
equipment from service on an unplanned basis, usually reducing transfer capability. Equipment maintenance must
be planned to be performed outside of periods of increased system stress and coordinated with neighbors to avoid
impacts to other systems. This applies to the interregional tie lines as well as many facilities internal to a region where
an outage can impact neighboring systems.

Regulatory or Policy Mechanisms and NERC Reliability Standards

The Fiscal Responsibility Act of 2023 requires FERC to post the ITCS report for public comments and subsequently
submit a report to Congress including any recommended statutory changes. Such statutory changes could require
entities to plan for recommended levels of transfer capability. As seen in the Part 2 analysis, a uniform minimum
transfer capability requirement may not be necessary for some TPRs, nor a sufficient mechanism for others to ensure
energy adequacy. Any statutory recommendations must ensure that the mandates result in actual transfer capability
being available for entities to use under stressed system conditions.

Achieving the recommended levels of transfer capability may require upgrades to existing transmission facilities, as
well as construction of new transmission facilities on new rights-of-way. ITCS recommends that policymakers consider
implementing mechanisms to address current challenges with siting and permit approval processes, cost allocation
methods, and multi-party operating and maintenance agreements, to accelerate the associated timelines where
needed for reliability.14°

Currently, it is not NERC’s intent to create a reliahility standard for entities to establish a certain transfer capability.
However, if events continue to occur or risks warrant such action, NERC may consider enacting reliability standards
requiring certain assessments to be performed for planning transfer capability and appropriate mitigation measures
put in place when risks to reliability warrant such action.

149 A National Renewable Energy Laboratory (NREL) paper Barriers and Opportunities to Realize the System Value of Interregional Transmission
can be found here.
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While there are no standards around transfer capability, there are standard development projects in progress around
energy assurance. Project 2022-03 Energy Assurance with Energy-Constrained Resources and 2024-02 Planning
Energy Assurance are meant to enhance reliability by requiring entities to perform energy reliability assessments to
evaluate energy adequacy and develop corrective action plans to address any identified risks. These assessments will
evaluate energy adequacy across multiple time horizons by analyzing the expected resource mix availability
(flexibility) and the expected fuel availability during the study period. This standard is meant to address resource
deficiencies that can result in insufficient amounts of energy on the system to serve electrical demand and impact
BPS reliability.

The ERO Enterprise is also taking steps to help address this risk with its Energy Assessment Strategy that was
developed in 2023. The purpose of this strategy is to enable assessments of reliability risk through the transition from
a capacity-limited system to a more energy-limited system reliant on variable energy resources and natural gas-fired
generators. The first major step in this strategy is implementing an annual probabilistic assessment with additional
data, such as hourly demand and resource data and improved variable energy resource modeling.
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Chapter 11: Future Work

While this study represents a pioneering and comprehensive effort to evaluate transfer capability and its impact on
energy adequacy, it also had limitations due to the study’s timeframe and there were lessons learned throughout the
process. These factors highlight the need for additional future work to build on the findings and address areas that
were not fully explored in this initial analysis. The following sections outline key areas for future work that will help
refine and expand the understanding of transfer capability and its role in strengthening grid reliability.

Explore Alternative Resource Mixes

One of the key areas for future work involves exploring alternative resource mixes to better understand the tradeoffs
between generation and transmission options. By analyzing different combinations of generation types, such as
varying levels of renewable energy integration and retirement of fossil fuel resources, a comparison can be made
regarding the need for additional transmission infrastructure and generation resources. Future studies can offer more
nuanced insights into how to optimally balance local generation with transfer capability. This exploration could help
identify comprehensive strategies that also consider cost-effectiveness, policy objectives, and utility plans.

Evaluate Transfer Capability Between “"Neighbor’s Neighbor”

Anocther area for further study is the evaluation of transfer capability between non-neighboring TPRs, or “neighbor’s
neighbors,” to capture additional reliability benefits and enhance geographic diversity. Connections such as ERCOT
to SERC-SE and Front Range to California North, among others, represent opportunities to mitigate the resource
saturation effects observed with immediately neighboring TPRs. While these connections may be more costly to
build, they could provide significant benefits by extending the reach of surplus resources during extreme events,
reducing the overall vulnerability of the grid, and may also access other benefits beyond reliability, like congestion
savings or access to lower cost resources. Studies of this nature would require a wide area planning approach and
cost allocation mechanism for any resulting system additions.

Expand Weather Datasets

This study developed a consistent, time-synchronized weather dataset across wind, solar, load, and generator
outages over 12 weather years. Some TPRs might not have shown deficits only because they did not experience a
challenging weather event during the years that were evaluated. Similarly, another TPR may have experienced a
resource deficit in the weather events analyzed, but there is no information regarding the future likelihood of these
events. Expanding the analysis to include a more extensive dataset, including decades of historical and/or projected
future weather data, would provide a more robust basis for evaluating investments.

Evaluate Stability and Transfer Capability During Extreme Weather Events
Part 1 studies included power flow analysis, voltage screening, and known stability limits. Future studies should
include more expansive stability analysis to identify potentially more restrictive limits, especially because stability
limitations can become more prominent when there is increased reliance on heavy transfers across large areas.

Future work should also focus on evaluating transfer capability during extreme weather events. Part 1 results were
based on summer and winter peak demand cases, but did not account for the specific weather conditions that led to
resource deficiencies identified in Part 2. In subsequent studies, the power flow analysis should be dispatched based
on the extreme weather events highlighted in the energy margin analysis. This approach will help determine whether
the existing transfer capabilities calculated in Part 1 and assumed in Part 2 are practical and sufficient under real-
world conditions and determine what, if any, additional mitigation may be needed to transfer energy up to the levels
evaluated in this study.
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Incorporate Probabilistic Resource Adequacy Analysis

The methods and analysis in this study evaluated a single outage pattern for each weather year, incorporating
weather-dependent outages and fuel supply disruptions. However, future work could expand this analysis to be fully
probabilistic, considering hundreds or even thousands of outage scenarios rather than just 12 weather years. This
expansion would allow for the estimation of probabilities and the introduction of typical resource adequacy metrics
such as Loss of Load Expectation (LOLE), Loss of Load Probability (LOLP), and Expected Unserved Energy (EUE). These
metrics would facilitate easier comparisons between transmission enhancements and generation resource additions,
offering a more comprehensive view.

Establish Study Periodicity and Parameters

To ensure that the findings and recommendations from this study remain relevant and adaptive to the evolving
industry landscape, it is recommended that this type of evaluation be conducted on a regular basis. NERC and the
Regional Entities, working with industry, are planning to conduct regular assessments, rolled into future LTRA reports,
that will consider the latest developments in resource mixes, transmission infrastructure, new load projections, and
changing weather and climate patterns. It is also recommended that NERC, working with industry, should promote
consistency in how queue resources are categorized in reliability assessments. Additional sensitivities and alternative
criteria may be explored.

Some differences in load forecasts and resource assumptions were noted when comparing study power flow cases
to LTRA data. Standardizing case-building processes and associated content could ensure consistency and improve
the efficiency of future studies.

There is also an opportunity to develop guidance for subdividing large areas and standardizing data sources for future
studies. As the BPS evolves, the TPRs should be reviewed and modified as appropriate to identify significant
limitations of interregional transfers. In a few instances where Balancing Authorities are split into multiple TPRs, there
are opportunities to enhance available data to more efficiently account for each TPR, improving the data quality in
future studies.
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Appendix A: Data Sources

The data sources used for the Part 2 analysis are shown in Table A.1 below.

storical Weather Data

Data Source

North American meteorological datasets
— often developed by National Labs,
including National Solar Radiation
Database (NSRDB), Wind Toolkit, etc.

Reported data from Balancing Authorities,
including EIA-930 and FERC-714

Historical Record

Can span several weather years, typically
10-40 vyears, but current data gaps
(specifically for wind resources) can limit
years of analysis

Must use a shorter historical record, i.e., last
three to five years, to make sure it is
representative of current system

Outlier Events

Can get a longer history of outlier events
(i.e., cold snaps in the 1980s) but
estimates may be less accurate than
recent observations

Fewer outlier events will be in the sample size
(i.e., Winter Storm Uri, Elliott, heat domes) but
may be more accurate than synthetic data

Wind and solar
profiles

Captures geographic diversity based on
new site selection and allows user to
make assumptions on technology
developments

Scaling  historical  generation
correlation of resources and
technology remains constant

amplifies
assumes

Load Growth
Trends

Load data can be developed by end use
to introduce changes from electric
vehicles and building electrification

Embedded in the underlying load data, cannot
be easily introduced

Climate Trends

Climate trends can be applied to
underlying meteorological datasets

Embedded in the underlying data, cannot be
easily introduced

Application

Better for analyzing future power
systems and/or screening across a wider
range of potential events

Better for analyzing near-term power systems
during specific events
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Appendix B: Scaling Weather Year Load Profiles

Differences in the Synthetic and Historical Weather Year Data

Both the synthetic and historical weather year data have advantages and disadvantages, which is why two different
datasets were used to extend the available weather years for analysis and to provide comparisons. The synthetic load
supplements the fact that historical load may not capture changes in the underlying load shapes due to economic
changes. Historical data supplements the need for reflecting actual conditions as they transpired and helps overcome
challenges in acceptance for using purely synthetic data which relies on many assumptions. Both are useful for
conducting the energy margin analysis and provide a wider picture of possible grid conditions.

Historical Load
Before using the historical data in the study, it was necessary to clean and adjust it in the following ways:

e (lean data using data engineering practices:

= Replace outlier load spikes (defined as load that is 4x median demand) with preceding or following hour
demand.

= Replace zero load reporting with interpolation or previous day’s demand depending on duration of the
events in EIA data.

=  Supplement EIA data with I1SO-reported load for prolonged (multi-day) periods of reported zero or flat
load in EIA 930 data.

¢ Add unserved energy (USE) back in for known events using the FERC, NERC, and Regional Entity Staff Reports
for Elliott, Uri, and CAISO's report on their 2020 event.
e Add estimates for behind-the-meter (BTM) generation that masks load.

Synthetic Load

The synthetic load from NREL and EER represented “End Use Load” prior to reductions due to behind-the-meter solar
(BTM PV) generation and does not include line losses. This means that the load factor of the synthetic weather year
load is not altered by BTM PV, and no adjustments needed to be made to the hourly weather year profiles prior to
scaling them to the LTRA forecasts.

Target Forecast (2023 LTRA Annual Energy, Summer and Winter Peak Loads)

The target forecast for the study used the 2023 LTRA seasonal peak load and annual energy forecasts for 2024 and
2033 and assumed that these values represent the median forecast (P50). Based on this assumption, each set of
weather year (synthetic and historical) loads were scaled so that the median peak and energy values of those datasets
matched the values for each LTRA assessment area. The data provided in the LTRA forecast represents net energy for
load which excludes the impacts of behind-the-meter PV. BTM PV was modeled as a supply side resource for the
energy margin analysis, so the LTRA forecast was adjusted to gross load derived from BTM PV assumptions in the
LTRA. The target peak and energy forecasts for each LTRA assessment area used in this study are shown in Table B.1.
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Table B.1: Adjusted LTRA Forecast Target Annual Energy and Summer/Winter Peak Loads

Summer Peak (MW) | 85,717 |123,609| 26,675 | 34,561 (152,931 42,266 | 44,323 | 53,952 | 46,472 | 53,626 | 61,587 | 64,449 | 27,552

2024 | Winter Peak (MW) [ 69,495 |102,287] 20,528 | 24,231 |132,758| 42,282 | 45,053 | 48,492 | 45,104 | 42,661 | 38,778 | 57,546 | 15,792

Annual Energy (GWh)|469,383|682,261|128,773|160,663(814,833(225,229(231,307|261,337|243,058|299,150|287,384(381,958(127,379

Summer Peak (MW) [ 96,163 |128,270| 31,202 | 37,834 |165,476| 43,122 | 48,333 | 61,396 | 48,055 | 59,265 | 74,285 | 79,232 | 32,878

2033 | Winter Peak (MW) [ 79,946 |105,562| 26,723 | 31,552 |145,120| 42,764 | 47,549 | 52,954 [ 47,523 | 48,383 | 45,638 | 68,103 | 19,731

Annual Energy (GWh)|554,676|711,081|162,933|183,337(927,808(233,060(250,382(292,486(257,758|337,976|346,458|461,524(158,534

For the historical load, the EIA Form 930 served as the foundational dataset as it provides hourly loads at the Balancing
Authority level along with sub-regional load for some ISO/RTOs. This sub-regional data was key for allocating load
across the TPRs. EIA 930 provides demand as net generation for load values, the same as is reported in the LTRA.

For the synthetic load, data prepared for the National Renewable Energy Laboratory (NREL) Regional Energy
Deployment System (ReEDS) model was used as the foundation for creating the 2007-2013 weather year load profiles
for the TPRs. The underlying weather year dataset was prepared by Evolved Energy Research (EER) and purchased by
NREL for several load growth scenarios. EER performs bottom-up load modeling and forecasts future loads based on
building stock characteristics, industrial growth, electrification, etc.

The synthetic load scenario chosen for the study was the “EER_Baseline_ AEQ2022” dataset available on the NREL
ReEDS-2.0 GitHub repository.”™® This load forecast represents business as usual load growth conditions based on
projections from the Energy Information Administration's (EIA) 2022 Annual Energy Outlook. The load forecast was
produced by Evolved Energy Research for the 2007 - 2013 weather years but represents consistent future economic
years. This study used the forecasted load data for 2024 and 2033 and then adjusted peak and energy targets for the
forecasts to align projections with the 2023 LTRA load forecast data.

Both the synthetic and historical load profiles were scaled to align the median energy and peak loads from the
weather years to the targets at the LTRA assessment area level. Adjusting just for energy targets can cause the peak
load values to differ significantly from the target values in the LTRA forecast. This was accounted for by incrementally
adjusting the hourly profiles so that the summer and winter median peak loads aligned with the forecast targets
without changing the annual energy. This maintains variability in timing and magnitude of peak loads based on the
weather and ensures that annual energy targets are maintained. The general steps taken to scale the load profiles
are detailed below.

1. Add energy to each hourin a Weather Year so that the annual energy aligns with the LTRA forecast.

2. Adjust the energy shifted profiles to align the median weather year summer and winter peak loads with the
LTRA forecast.

3. While maintaining the load shape, align scaled load with LTRA annual load factors.

4. Perform process for both 2024 and 2033 LTRA Forecast Years.

150 NREL ReEDS-2.0, 2007-2013 weather year, see EER_Baseline AE02022, GitHub - NREL/ReEDS-2.0
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This process is portrayed graphically below as a historical data example. Step 0 for the historical data shows the
cleaning and addition of BTM PV to the load profile {see Figure B.1}.

Step O: Clean Raw Date and add BTM PV Step 1: Shift ensergy to Meet LTRA Forscast
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Figure B.1: Example of Load Scaling Process to Scale Weather Year Load Profiles to LTRA
Forecast Years

The load scaling step was done in reference to the LTRA assessment areas because these are the areas available in
the LTRA forecast. After scaling the load data, each LTRA assessment area was disaggregated from an hourly LTRA

profile into a TPR profile.

Figure B.2 illustrates the variability in peak loads for three TPRs, namely California South, ERCOT, and SERC-C.
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Figure B.2: Weather Year Variation Relative to Median Peak Load for Selected TPRs
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Appendix C: Annual Peak Load Tables by TPR

Annual peak loads for each TPR by weather year are shown in Tabie €.1 and Table .2 below for the 2024 and 2033
cases, respectively. Annual peak loads vary due to the underlying weather conditions present for each TPR in each
weather year. Minimum, median, and maximum annual peak load values are provided as a summary. Load reflects
the net energy for load which excludes BTM PV.

ble C.1: Annual Peak Load by Weather Year (2024 Case)

18,294 | 19,358 | 20,226 | 19,178 | 17,835 | 17,371 | 19,356 | 20,071 | 18,390 | 19,370 | 20,674 | 19,379 | 17,371 | 19,356 | 20,674

Washington

QOregon 10,447 | 10,400 | 10,954 | 10,585 | 10,057 | 10,412 | 10,633 | 10,725 | 10,224 | 11,085 | 11,184 | 10,955 | 10,057 | 10,585 | 11,194
California North 23,972 | 23,468 | 23,913 | 25,219 | 24,281 | 24,910 | 24,000 | 25,658 | 25,067 | 24,174 | 28,324 | 25,016 | 23,468 | 24,281 | 28,324
California South | 34,780 | 34,183 | 34,837 | 36,750 | 35,285 | 35,556 | 34,603 | 36,738 | 37,273 | 32,961 | 40,605 | 36,283 | 32,961 | 35,285 | 40,605
Southwest 21,085 | 21,295 | 21,965 | 21,814 | 21,066 | 21,260 | 21,194 | 20,613 | 21,856 | 22,317 | 21,345 | 22,345 | 20,613 | 21,295 | 22,345
Wasatch Front 26,109 | 25,178 | 25,135 | 25,515 | 25,304 | 25,982 | 26,774 | 23,815 | 24,798 | 25,625 | 25,750 | 25,089 | 23,815 | 25,304 | 26,774
Front Range 18,935 | 18,723 | 18,151 | 18,047 | 19,022 | 19,271 | 18,546 | 18,279 | 17,864 | 18,295 | 18,794 | 19,699 | 17,864 | 18,546 | 19,699
ERCOT 83,263 | 82,416 | 84,280 | 84,125 | 83,992 | 84,454 | 82,416 | 85,964 | 83,872 | 81,806 | 84,522 | 88,683 | 81,806 | 83,992 | 88,683
SPP-N 12,242 | 12,220 | 11,920 | 12,346 | 12,664 | 12,587 | 12,021 | 11,366 | 11,993 | 12,309 | 12,008 | 12,582 | 11,366 | 12,220 | 12,664
SPP-S 41,334 | 41,257 | 40,857 | 41,681 | 42,753 | 42,510 | 40,584 | 42,717 | 40,967 | 41,834 | 42,956 | 44,880 | 40,584 | 41,681 | 44,880
MISO-W 35,072 | 34,319 | 35,537 | 35,237 | 37,488 | 36,936 | 35,387 | 36,082 | 35,886 | 35,640 | 35,763 | 37,471 | 34,319 | 35,640 | 37,488
MISO-C 31,174 | 31,104 | 31,470 | 31,596 | 33,411 | 32,990 | 31,500 | 33,274 | 32,943 | 33,551 | 33,499 | 34,459 | 31,104 | 32,943 | 34,459
MISO-S 34,001 | 32,352 | 34,402 | 34,203 | 35,299 | 35,394 | 33,352 | 32,773 | 33,158 | 33,263 | 33,323 | 36,260 | 32,352 | 33,352 | 36,260
MISO-E 21,076 | 20,481 | 20,631 | 21,133 | 22,346 | 21,938 | 21,131 | 22,387 | 23,012 | 22,480 | 22,921 | 21,986 | 20,481 | 21,938 | 23,012
SERC-C 43,492 | 42,980 | 46,262 | 42,278 | 42,957 | 43,499 | 42,149 | 42,175 | 41,022 | 42,650 | 50,787 | 44,583 | 41,022 | 42,957 | 50,787
SERC-SE 47,799 | 46,567 | 48,226 | 47,197 | 47,713 | 47,020 | 43,314 | 46,017 | 46,226 | 46,346 | 47,944 | 46,749 | 43,314 | 46,749 | 48,226
SERC-Florida 53,968 | 53,277 | 55,269 | 58,856 | 53,131 | 52,986 | 53,161 | 51,820 | 51,262 | 53,636 | 53,893 | 55,964 | 51,262 | 53,277 | 58,856
SERC-E 45,051 | 44,926 | 46,882 | 45,247 | 45,856 | 45,001 | 42,604 | 46,337 | 44,078 | 44,062 | 51,628 | 44,922 | 42,604 | 45,051 | 51,628
PIM-W 77,282 | 75,819 | 74,440 | 75,468 | 81,135 | 78,745 | 78,649 | 77,980 | 78,920 | 79,319 | 78,243 | 76,039 | 74,440 | 77,980 | 81,135
PIM-S 35,670 | 33,929 | 34,262 | 35,559 | 38,358 | 38,173 | 37,520 | 38,703 | 37,162 | 36,542 | 39,664 | 38,831 | 33,929 | 37,162 | 39,664
PIM-E 35,390 | 34,043 | 33,781 | 35455 | 38,432 | 38821 | 37,307 | 39,076 | 38,153 | 38,719 | 37,868 | 38,843 | 33,781 | 37,868 | 39,076
New York 31,464 | 32,111 | 31,467 | 33,278 | 33,721 | 33,982 | 33,656 | 30,708 | 31,525 | 31,349 | 31,277 | 32,753 | 30,708 | 31,525 | 33,982
New England 24,490 | 25,102 | 24,830 | 26,286 | 26,928 | 26,423 | 26,700 | 24,143 | 25,179 | 25,562 | 24,919 | 24,843 | 24,143 | 25,102 | 26,928
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Table C.2: Annual Peak Load by Weather Year (2033 Case)

Washington 21,006 | 22,137 | 22,949 | 21,966 | 20,567 | 20,174 | 22,135 | 23,034 | 21,190 | 22,230 | 23,425 | 22,246 | 20,174 | 22,135 | 23,425
Oregon 12,144 | 12,028 | 12,671 | 12,329 | 11,658 | 12,093 | 12,384 | 12,333 | 12,124 | 13,254 | 12,922 | 13,237 | 11,658 | 12,329 | 13,254
California North | 29,063 | 28,339 | 28,157 | 30,157 | 28,760 | 29,565 | 28,932 | 30,825 | 30,069 | 29,172 | 33,493 | 30,235 | 28,157 | 29,172 | 33,493
California South | 42,969 | 42,235 | 42,911 | 44,947 | 43,221 | 43,740 | 43,126 | 42,866 | 43,647 | 39,401 | 48,448 | 43,430 | 39,401 | 43,126 | 48,448
Southwest 26,111 | 25,657 | 26,755 | 26,125 | 25,704 | 26,079 | 25,798 | 24,205 | 25,424 | 26,113 | 25,189 | 26,020 | 24,205 | 25,798 | 26,755
Wasatch Front | 33,020 | 31,671 | 31,795 | 32,094 | 31,975 | 32,976 | 33,820 | 28,452 | 29,602 | 30,683 | 30,901 | 29,509 | 28452 | 31,671 | 33,320
Front Range 22,371 | 22,365 | 21,466 | 21,635 | 22,864 | 23,381 | 22,347 | 21,681 | 20,853 | 21,266 | 22,199 | 23,101 | 20,853 | 22,199 | 23,381
ERCOT 90,619 | 90,490 | 92,160 | 91,393 | 92,268 | 92,619 | 90,062 | 96,792 | 92,312 | 90,391 | 92,947 | 96,638 | 90,062 | 92,160 | 96,792
SPP-N 13,531 | 13,502 | 13,15/ | 13,632 | 14,010 | 13,909 | 13,280 | 12,638 | 13,308 | 13,660 | 13,343 | 13,959 | 12,638 | 13,502 | 14,010
SPP-S 15,686 | 45,587 | 45,009 | 46,027 | 47,301 | 46,980 | 44,839 | 47,153 | 45,285 | 46,182 | 47,369 | 49,362 | 44,839 | 46,027 | 19,362
MISO-W 36,466 | 35,616 | 36,912 | 36,576 | 39,013 | 38,396 | 36,738 | 37,513 | 37,310 | 37,063 | 37,191 | 38,934 | 35,616 | 37,063 | 39,013
MISO-C 32,453 | 32,279 | 32,742 | 32,838 | 34,811 | 34,312 | 32,756 | 34,507 | 34,243 | 34,869 | 34,803 | 35,757 | 32,279 | 34,243 | 35,757
MISO-S 35,345 | 33,564 | 35,720 | 35,493 | 36,724 | 36,845 | 34,615 | 34,038 | 34,421 | 34,532 | 34,613 | 37,606 | 33,564 | 34,615 | 37,606
MISO-E 21,908 | 21,250 | 21,422 | 21,936 | 23,250 | 22,804 | 21,932 | 23,215 | 23,850 | 23,311 | 23,754 | 22,800 | 21,250 | 22,800 | 23,850
SERC-C 44,374 | 43,338 [ 46,580 [ 43,105 | 43,796 | 44,475 | 42,872 | 42,643 [ 41,557 [ 43,116 | 51,141 | 45,481 | 41,557 | 43,338 | 51,141
SERC-SE 49,518 | 48,085 | 50,538 | 49,477 | 50,020 | 48,794 | 44,496 | 47,490 | 47,843 | 47,913 | 50,706 | 48,222 | 44,496 | 48,222 | 50,706
SERC-Florida 60,084 | 59,337 | 61,414 | 63,312 | 58,928 | 58,177 | 58,469 | 56,410 | 56,106 | 61,325 | 59,027 | 61,138 | 56,106 | 59,027 | 63,312
SERC-E 48,651 | 47,766 | 49,308 | 47,632 | 48,310 | 48,585 | 45,158 | 49,249 | 47,831 | 46,894 | 54,603 | 48,360 | 45,158 | 48,310 | 54,603
PIM-W 83,512 | 82,072 | 80,426 | 81,775 | 87,588 | 85,230 | 84,920 | 84,580 | 85,500 | 85,869 | 84,732 | 82,492 | 80,426 | 84,580 | 87,588
PIM-S 38,346 | 36,542 | 36,662 | 38,306 | 41,207 | 41,223 | 40,406 | 41,839 | 39,842 | 39,276 | 42,924 | 41,661 | 36,542 | 39,842 | 42,924
PIM-E 38,468 | 36,536 | 36,691 | 38,294 | 41,506 | 41,970 | 40,389 | 42,377 | 40,785 | 41,359 | 40,122 | 41,585 | 36,536 | 40,389 | 42,377
New York 34,285 | 35,149 | 34,406 | 36,429 | 36,792 | 36,725 | 36,798 | 33,270 | 33,624 | 33,088 | 32,223 | 34,679 | 32,223 | 34,406 | 36,798
New England 28,588 | 29,224 | 28,781 | 30,683 | 31,368 | 30,758 | 30,890 | 29,288 | 29,113 | 29,357 | 28,196 | 28,403 | 28,196 | 29,224 | 31,368
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Appendix D: Sub-regional Mapping

All the data used for the energy margin analysis was reported or developed at one of three levels, the LTRA
assessment areas, the EIA Balancing Authority and sub-regional topology, or the NREL ReEDS topology. To reconcile
data that was not aligned with the TPR topology, mapping between the different topologies was done. The figures in
this section present the different topologies that were mapped to align data to both the LTRA assessment areas and
TPRs, which are shown in Figure D.1 and Figure D.2, respectively.

Generators provided in the LTRA data form were mapped from LTRA assessment area to TPR based on several
mapping rules listed in order of hierarchy below.

 LTRA maps one-to-one with the TPR. Examples are SERC-C, SERC-SE, SERC-E.

e Specific mappings based on supplemental data submitted in the LTRA such as Balancing Authority, data
submitter, State, or Regional Entity review of select plants.

e Manual mapping for generators that could not be assigned using the first two approaches. Generator names,
or interconnection numbers, were mapped to a TPR using EIA or interconnection queue data.

The results of this mapping exercise compared against the capacities in the power flows used in the Part 1 analysis is
shown in Figure D.3.

NPCO
Cluebed

Maritimes

S Npee
New England

NBLC
New York

Figure D.1: LTRA Assessment Areas (Resource Mix and Load Scaling Topology)
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Figure D.2: Transmission Planning Regions
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Figure D.3: Comparison of Capacity by TPR, Part 1 vs. Part 2 (2024)!5!

L ERCOT is not included in this chart because no power flow models were developed for the ERCOT Interconnection in Part 1.
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Appendix E: 2033 Replace Retirements Scenario

Replacing retired capacity based on expected resource additions and Tier 2 and 3 LTRA resources required accounting
for the effective capacity of the future resource types. While the LTRA reports include resource peak hour capacity
by season, this implied accreditation needed to be expanded to assess all hours to fit the energy assessment
framework and account for the changing resource mix. Additionally, the implied accreditation varied across different
LTRA assessment areas. This section discusses the consistent approach applied to all resource types for calculating
additional resources by TPR.

Accreditation of each resource type was based on the resource’s availability during periods of tight margin for each
TPR. For example, if a TPR’s highest risk of deficiency occurs at 9:00 p.m., a solar resource would get discounted in its
accredited capacity.’? In this way, the interconnection queues were used to replace retiring capacity but ensured
that resources were weighted according to their effective capacity rather than nameplate. Two of the most important
examples of why the proxy accreditation was required for this ITCS study is apparent when comparing results of the
solar and battery accreditation. Figure E.1 below shows these results relative to the implied accreditation in the LTRA.

100% v Solar Accreditation’
- 80%
o 70%
& 60%
&= 50%
g ao%
Q 3
< 20%
0%
= & 5 2 Q = L i o b 2 b=
§ mplied LTRA ¥ Proxy ELCC 7 ”
100% Battery Accreditation ‘ -
9{}% R . . o - - : ‘:j . o
g 80% i PN S B N e ,é ﬁ
::E.: égzj‘i g s VA ; - g ;ﬂ, ?
£ s50% f; ,1‘“: . i“;’ _:‘. . ? . B )
g A0% éﬁ f;;‘ : "4 ‘f:: — 5;; . e é 5; . ;*;
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Figure E.1: Proxy Accreditation and Implied LTRA Values for Solar and Battery

152 This accreditation approach is best akin to an Equivalent Load Carrying Capability (ELCC) approach used throughout the industry. Although
it is not a full probabilistic ELCC assessment, it assesses the availability of each thermal, renewable, and energy storage resource based on
its availability during periods of tight margin for each TPR, which informs how effective each MW of capacity is at replacing retired resources.
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The proportion of resources such as new gas, wind, solar, battery storage, etc., reflected the proportion each resource
type has in the Tier 2 and 3 data from the 2023 LTRA. Table E.1 details the capacity in each TPR by resource type in
the 2024 case. Table E.2 shows the capacity of certain retirements and Tier 1 additions that were applied to the 2033
case. Table E.3 provides the additional resources that were added to the 2033 case using the replace retirements
method. Finally, Table E.4 lists the total capacity by resource type and TPR in the 2033 case. In each of these four
tables, the winter capacity is shown for thermal and hydro resources, and the installed capacity for wind, solar, and
storage resources.

Washington 670 4,645 35 1,145 379 25,957 2,795 73 386 314 6 152
Oregon 0 4,523 0 0 263 5,228 5,055 1,297 372 0 5 38
California North 14 16,057 110 2,280 1,542 9,625 1,858 6,952 5,036 1,592 2,407 323
California South 5 23,798 972 635 2,052 1,839 7,088 18,257 5,011 1,922 7,242 445
Southwest 4,660 15,802 80 3,936 156 2,568 1,062 3,331 2,452 176 1,021 123
Wasatch Front 9,635 11,816 93 0 996 3,325 5,883 7,569 1,674 0 2,211 192
Front Range 5,179 10,924 206 0 74 2,795 9,611 4,787 1,340 540 1,025 166
ERCOT 13,630 | 54,611 0 5,153 163 549 40,291 | 26,851 2,531 0 10311 | 3,275
SPP-N 7,546 2,941 624 769 49 2,904 6,496 6 7 0 0 81
SPP-S 16,260 | 24,474 1,134 1,176 279 2,101 26,589 354 64 449 11 249
MISO-W 14,522 | 16,280 1,408 3,013 457 719 20,198 1,747 741 0 0 1,953
MISO-C 16,332 9,882 291 2,247 234 468 3,967 2,491 1,774 450 184 1,672
MISO-S 6,591 27,867 856 5,473 961 704 0 959 291 32 0 1,741
MISO-E 5,826 11,869 300 1,167 170 38 3,370 389 243 2,294 0 1,051
SERC-C 13,440 | 22,684 148 8,525 44 4,971 1,202 1,120 20 1,762 50 1,694
SERC-SE 13,770 | 31,395 1,122 8,018 648 3,242 0 6,470 317 1,548 75 2,075
SERC-Florida 5184 | 48,807 2,313 3,588 457 0 0 9,719 2,051 0 534 2,765
SERC-E 14,515 | 18,367 1,393 12,104 173 3,164 0 1,530 833 3,197 24 891
PIM-W 27,207 | 45,603 654 16,623 103 1,177 11,885 | 10,970 599 247 2,218 2,686
PIM-S 5,075 18,075 4,026 5321 402 552 814 9,655 2,498 2,862 544 1,284
PIM-E 7,639 26,153 5,521 10,742 447 1,366 1,464 2,977 5,506 1,953 235 1,238
New York 0 24,533 2,890 3,356 335 4,921 2,720 684 5,710 1,400 20 563
New England 487 15,798 | 6,161 3,352 769 1,894 2,320 2,870 3,713 1,571 547 666

Table E.2: Tier 1 Additions and Certain Retirements by Resource Type and TPR (in MW)

Washington 7 -184 1,059

Oregon -98 -28 -74 319 1,018 -11
California North -2,280 5,269 19
California South 844 -80 485 5,243 300 26
Southwest -2,608 -238 -14 29 180 2,638 300

Wasatch Front -4 899 -1,571 -6 -457 -35 412 1,389 4,589 680 -6
Front Range -2403% ~3,142 ~38 987 3,674 240 -18
ERCOT 538 2,411 21,556 5,000 6,193

SPP-N 106
SPP-S -48 323
MISO-W -2,550 -1,242 -232 73 1,528 4,535 240 -51
MISO-C 5,982 440 120 1,150 4,100 1,197 A
MISO-S -4, 208 -3,287 180 4,580 20 -47
MISO-E -1,363 -129 374 1,510 -28
SERC-C £ 7,551 1,224 14 166 -5

SERC-SE 63 289 311 218
SERC-Florida -438 -2,688 336 <15 10,584 5,721 2,980 378
SERC-E -2,629 779 -A8 995 1,274 350 20

PJM-W 2,510 17 279 2,674 245 175 168
PIM-S -1,683 167 548 1,971 1,025 148 80

PIM-E 1,359 2,874 427 2,259 215 78

New York -35 238 744 5,226

New England 75 86 29 i 1,680 327 2,840 41
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Table E.3: 2033 Replace Retirements Additions by Resource Type and TPR (in MW)

Washington 309 1,037 563 739 47 17
Cregon 114 1,317 1,030 14
California North 184 62 241 23 78 6590
California South 282 116 921 63 94 2,161
Southwest 988 337 561 11,706 1,550
Wasatch Front 214 149 72 1,665 5,710 7,831
Front Range 450 337 60 2,541 3,681 3,427
ERCOT 652 3 780 4,870 5,172
SPP-N

SPP-S

MISO-W 664 13 5,157 14,311 3,505
MISO-C 89 5 9 1,215 15,015 20,173
MISO-S 652 13 43 12,618 292
MISO-E 390 2 B89 5,465

SERC-C

SERC-SE

SERC-Florida 130 909 731
SERC-E 1,142 1,230 410
PIM-W

PJM-$

PJM-E

New York

New England 47 7 53

ble E.4: 2033 Capacity by Resource Type and TPR (in MW)

Washington 0 4,954 35 2,182 379 26,336 | 3,534 120 1,445 314 23 132
Oregon 0 4,523 0 0 165 5,314 6,298 2,646 1,390 0 19 77
California North 14 16,241 110 0 1,604 9,625 2,099 6,975 10,305 1,670 3,097 342
California South 5 24,924 892 635 2,168 1,839 3,009 18,805 | 10,254 | 2,016 9,703 471
Southwest 2,052 16,552 80 3,936 479 2,568 1,652 15,217 5,090 176 2,871 123
Wasatch Front 4,736 10,459 87 0 688 3,362 7,960 14,668 | 6,263 0 10,722 166
Front Range 2,776 10,232 206 0 411 2,819 12,152 9,455 5,014 540 4,692 148
ERCOT 13,630 | 55,801 0 5,153 166 549 43,482 | 53277 7,531 0 21,676 | 3,275
SPP-N 7,546 2,941 624 769 49 2,904 6,496 6 7 0 0 187
SPP-S 16,260 | 24,474 1,086 1,176 279 2,101 | 26,589 354 64 449 11 572
MISO-W 11,972 | 15,702 1,176 3,013 384 732 26,883 | 20,593 741 0 3,745 1,902
MISO-C 10,350 | 10,411 171 2,247 239 477 6,332 | 21,606 1,774 450 21,554 | 1,628
MISO-S 2,382 25,232 856 5,473 961 717 223 18,157 291 32 312 1,694
MISO-E 2,868 10,896 300 1,167 31 90 4,633 7,864 243 2,294 0 1,023
SERC-C 8,969 | 30,235 148 8,525 44 4,971 1,202 2,344 34 1,762 216 1,689
SERC-SE 13,770 | 31,458 1,122 8,018 648 3,242 0 6,759 317 1,548 386 2,293
SERC-Florida 4,746 46,249 1,927 3,588 442 0 0 21,212 7,772 0 4,245 3,143
SERC-E 11,886 | 20,288 1,345 12,104 173 3,164 0 3,755 2,107 3,197 784 911
PIM-W 27,207 | 48,113 654 16,623 103 1,194 12,164 | 13,644 844 247 2,393 2,854
PIM-S 3,392 18,075 | 3,859 5,321 402 552 1,362 11,626 3,523 2,862 692 1,364
PIM-E 7,639 27512 | 5521 10,742 447 1,366 4,338 3,404 7,765 1,953 450 1,316
New York 0 24,498 | 2,890 3,356 335 4,921 2,958 1,428 10,936 1,400 20 563
New England 487 15723 | 6,075 3,352 740 1,893 4,047 3,204 6,553 1,571 600 625
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Appendix F: Synthetic Wind and Solar Profiles

Like the synthetic load data, the synthetic profiles for renewable energy production represent the weather conditions
during the 2007 to 2013 weather years and included additional synthetic data for behind-the-meter solar and
resources like offshore wind with no historical data as shown in Table F.1. The datasets used to create these profiles
were all based on the NREL WindToolKit data (2007 to 2013), the NREL NSRDB data (1998 to 2022), and publicly
available offshore wind profiles for the Northeast (2007 to 2020).

Table F.1: Overview of the Two-Pronged Approach for Hourly Wind and Solar
Production Data

Data Source National Solar Radiation Database (NSRDB), | Reported data from Balancing
Wind Toolkit, Det Norske Veritas (DNV) | Authorities, including EIA-930
Northeast Offshore Wind Profiles, scaled-
down historical utility-scale, etc.
Weather Years 2007 to 2013 and select resource types for | 2019 to 2023
Applicable 2022 and 2023 (BTM-PV and Offshore
Wind)
Resource Types Utility-scale solar, behind-the-meter solar, | Utility-scale solar and land-based
Applicable land-based wind, offshore wind wind
Notable Synthetic profiles scaled down to match | Regions without sufficient
Adjustments historical data median capacity factors | historical data, such as utility-
(controls for technology improvements) scale solar for New York, were
matched with nearby regions’
profiles
Profile Format 8,760 profiles based on CST time zone 8,760 profiles based on CST time
zone

Synthetic Utility-Scale PV and Land-Based Wind

This data was provided in collaboration with NREL based on 2018 technology characteristics for both solar PV and
wind resources. Hourly data was provided by NREL for each ReEDS region for solar or wind resources. Each ReEDS
region was mapped to a TPR and the magnitude of different renewable resource capacity (e.g., poor, moderate,
excellent solar locations) for UPV and LBW. This data was provided by NREL based on their Renewable Energy
Potential (reV) model and used to create a capacity weighted profile for every TPR.*>?

While this dataset provides a robust foundation for capturing the hourly variability in solar and wind energy
production, it required some additional calibration to ensure that overall capacity factors for UPV and LBW align with
historical production. This calibration helps account for the effects of curtailment, suboptimal plant designs, and older
technologies and plant configurations, particularly where older renewable energy facilities exist. To calibrate each
TPR's UPV and LBW profiles, the historical data for 2019-2023 was used to scale the 2007-2013 UPV and LBW profiles
for every hour to align the median capacity factor from synthetic data to the median of the historical data. To maintain
the variability in production, as well as the high and low periods, this was done by rank-ordered scaling. An example
is depicted for ERCOT LBW in Figure F.1 below.

153 NREL, reV: The Renewable Energy Potential Model, https://www.nrel.gov/gis/renewable-energy-potential.html
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Figure F.1: Example of Scaling Synthetic Weather Data to Align with Historical Actual Data
(ERCOT Land-Based Wind)

This scaling has the effect of maintaining chronology and hourly variability but reduces overall production output for
the profiles. While renewable technology is improving, it was deemed important to ensure that the synthetic profiles
aligned well with the historical actuals on an annual energy basis. This is a conservative assumption due to the reliance
on observed historical data, but the effects of improved plant designs, new capacity additions, and technological
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advancements will eventually come through historical records for future studies. Figure F.2 presents the same ERCOT
LBW case but shows how the original variability is maintained while the annual energy is reduced to aligh with
historical values.
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Figure F.2: Example of Chronological Variability in Synthetic Renewable Profile After Scaling
to Match Historical Actuals (ERCOT Land-Based Wind)

Synthetic Behind-the-Meter PV (BTM PV)

Rooftop solar data was developed using an alternative process to the UPV and LBW data, but still used the NREL
NSRDB data for underlying weather data. In this case, power production was modeled using a standard rooftop solar
configuration. A capacity-weighted profile was developed across 1,209 irradiance locations across North America.
The locations were spread across counties and cover 96% of the total installed rooftop capacity locations. For each
county, a capacity weighting was determined using Google Project Sunroof data on existing installations. Data was
then downloaded from the NSRDB for every county profile using the center point latitude and longitude for each
county as the solar site. County locations were then assigned a TPR, and a capacity-weighted profile was created for
the 2007-2013 and 2019-2022 weather years. No data was available from the NSRDB for the 2023 weather year, so
historical UPV production profiles were scaled down to match the median DGPV profile from the synthetic weather
years. Where rooftop solar capacity was not listed in the LTRA data form, it was assumed that BTM PV installations
matched data for small-scale solar reported in the EIA 861M small-scale solar form and kept constant to 2033.

Synthetic Offshore Wind (OSW)

Due to the nascent nature of offshore wind in North America, the hourly production profiles for offshore wind were
developed using synthetic data. All the offshore wind included in the LTRA as Tier 1 resources were on the East Coast.
This study used data produced for New York by DNV for three offshore wind lease areas to represent the hourly
profile for future offshore wind capacity based on Tier 1 in PIM-E (WF 6, 2,875 MW), New York (WF 3, 136 MW}, and
New England (WF 4, 2,324 MW). Figure F.3 shows the location of the wind farm profiles developed by DNV. These
profiles are intended to be representative of potential offshore wind projects on the East Coast and provide data for
2007-2021.
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Figure F.3: Locations of Available East Coast Offshore Wind Profiles from DNV Used for
Representative Shapes

To supplement the range of weather years so that they include 2022 and 2023 data, wind speed observations along
the coast near the wind farms were used to relate offshore wind capacity factors to measured wind speeds and
sampling daily wind profiles based on a relationship of measured wind speed to plant output for the 2022 and 2023
weather years.

Historical Wind and Solar Profiles

Historical wind and solar capacity factor profiles were created by TPR for weather years 2019-2023 using reported
generation data from EIA 930 and reported capacity data from EIA 860-M (a monthly version of the EIA 860 dataset).
In general, data processing followed the steps detailed below.

e Gather hourly renewable generation for each Balancing Authority from the EIA 930.

e Adjust raw data due to anomalies such as negative generation, solar production overnight, or outliers in
output due to reporting errors.

e Gather Balancing Authority installed resource capacity by month using the EIA 860-M for 2019-2023.

s (Create hourly capacity factor profiles using monthly installed capacity and hourly generation by Balancing
Authority.

e Adjust capacity factor profiles for discrepancies in hourly generation or installed capacity due to reporting
delays or errors in the EIA 860-M form.

Ensuring Reasonable Capacity Factors

Delays in reporting from EIA 860-M as well as differences in the number of generators reporting to the EIA 930 and
860 datasets resulted in the need for additional adjustments to monthly capacities to obtain reasonable capacity
factor profiles (avoiding capacity factors >100%, or capacity factors that were very low relative to the technology
class or historical annual average). In some instances, generation increased significantly in EIA 930 but was not
reflected in the EIA 860-M dataset until a few months later; this capacity was pulled backwards to create more
reasonable capacity factors. In other instances, the EIA 860-M data was not used due to it showing significantly more
or less capacity than the generation shown in EIA 930 over an extended period. In these cases, capacity was estimated
by using EIA 930 data only. The 99th percentile generation over a given year was calculated to estimate a nameplate
capacity.

After creating the Balancing Authority capacity factor profiles, and adjusting as necessary, the profiles were
aggregated together by hour into TPR profiles using a capacity weighted average of the Balancing Authorities within
that TPR. One exception was the solar profile for New York where EIA 930 data was not available but solar generation
was expected in the LTRA forecast. For New Yark, the average of the PJIM and New England profiles were used.
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Appendix G: Outages and Derates

Forced Outages and Derates

To develop daily forced outage information by TPR, forced outages were aggregated across all reporting thermal
plants and the average MW on forced outage for each day was noted, as shown in Table G.1. This quantity was
divided by the total Net Maximum Capacity (NMC) for the TPR to convert the outage data into a percentage that
could be applied to future resource mixes. Due to limited locational information on GADS plant data, each plant was
assigned to a state, and subsequently to the appropriate TPR. For states that are split across two or more TPRs (e.g.,
lllinois is included in both MISO-C and PJM-W reporting), the total NMC and forced outage capacity was split
proportionally to the TPR based on capacity reported in EIA Form 860. The forced outage aggregation was done on a
daily basis to reflect correlations with extreme weather, including increased mechanical failures and fuel supply
disruptions during extreme cold periods.

Table G.1: Types of Derates and Qutages Used to Represent Daily Thermal
Resource Availability!54

Seasonal Derates Summer and winter seasonal capacities were based on LTRA Form B
submissions by generator, aggregated to TPR and fuel type

Historical Forced GADS forced outages and deratings (GADS Codes D1, D2, D3, U1, U2, U3, SF)
Outages aggregated by day from 2016-2023, by TPR

Synthetic Forced Sampled data from GADS historical forced outages for outage rates by plant
Outages type in each TPR. Sampling done randomly based on temperature and outage

rate relationships for each resource type

Planned Maintenance | GADS maintenance outages (MO) and planned outages (PO) aggregated by
Outages & Derates day from 2016-2023, by TPR

While the GADS data was evaluated across 2016-2023 weather years, 2016-2018 were not used directly in Part 2 to
ensure weather years were synchronized across load, wind, solar, and thermal availability. To extend the forced
outage data set to cover weather years 2007-2013 while continuing to represent correlation to weather and load, a
method was developed to resample the 2016-2023 dataset. The resampling was done based on daily minimum and
maximum temperature observations. To perform this analysis, daily regional airport temperature observations were
used. This approach enabled the determination of forced outage rates across all TPRs and fuel types, incorporating
the weather dependence of each fuel type. The method involved three key steps:

1. Using regional airport temperature readings from 1981-2023 to ascertain average, minimum, and maximum
temperaturesin each TPR. This involved calculating the minimum, average, and maximum daily temperatures
based on temperature readings from all regional airports within a specific TPR for a given day.

2. Grouping daily temperature observations for each TPR into categorized temperature ranges. Temperature
groups ranged from -28°C to 52°C in increments of 4°C, with temperatures outside this range forming
separate groups (below -28 and above 52). Days with average temperatures above 16°C were categorized
based on their maximum temperature, while those below 16°C were grouped according to their minimum
temperature.

15% GADS cause codes can be found here
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3. Creating a daily forced outage rate dataset for 2007-2013 by randomly sampling a day from the associated
temperature and forced outage rate dataset within the same temperature group for each TPR. For instance,
if the temperature in ERCOT on a specific date fell within the 32-36°C range, one of the temperature
observations from that range between 2016-2023 is randomly sampled to determine the forced outage rates
for each ERCOT fuel type.

This process resulted in a weather-dependent dataset that reflects the varying forced outage rates by fuel type and
TPR that could be resampled for any historical year. Note that this method did not consider any extrapolation of
outage rates beyond the temperature range observed during the 2016-2023 weather years. For example, if a TPR’s
minimum and maximum daily temperatures observed in 2016-2023 were -20°C and 48°C respectively, but
temperatures in the longer historical record fell above/below that range, no extrapolation of increased severity in
forced outages was assumed. Furthermore, if the historical record in the 2016-2023 weather years (representing
2,920 daily observations) had limited observations in one of the extreme heat or cold bins, those days were resampled
repeatedly to represent the 2007-2013 weather years.

Planned Outages and Derates

For 2019-2023 weather years, the planned outage data was kept time-synchronized with the forced outage dataset,
reflecting the fact that during periods of high planned outage rates, there is less capacity that can simultaneously go
on forced outage and some planned outages can be recalled from maintenance during events and periods of higher-
than-expected forced outages.

Unlike the forced outage modeling, planned and maintenance outages were not resampled as a function of
temperature to fill in data for the 2007-2013 weather years. Instead, the average capacity on outage by month, by
fuel type, and by TPR was assumed. This intentionally smoothed out the amount of capacity on planned maintenance
in the 2007-2013 weather years, assuming that some maintenance is recalled during tight margin time periods.
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Appendix H: Explanation of the Hourly Energy Margin

Figure H.1 illustrates a sample analysis of the hourly energy margin, demonstrating how the dispatch method
operates under various conditions. The bar chart shows different types of available capacity (e.g., wind, solar,
thermal, and hydro) stacked to reflect their contribution to the overall energy supply. The solid black line represents
the hourly demand (load) for the TPR, while the dotted line indicates the threshold for tight margins, highlighting
hours where the energy supply is just sufficient to meet the demand or where there is a deficit.

The bars in the illustrative chart are color-coded to distinguish between different sources of energy. For instance,
green could represent wind capacity, with blue for thermal capacity, and yellow for solar capacity. This segmentation
allows for a representative visualization of the contribution of each resource type to the total available capacity. Each
bar's height represents the total capacity available for each hour, with fluctuations reflecting changes in resource
availability due to factors like weather conditions or scheduled maintenance.

The solid black line tracks the TPR's hourly demand. The points where this line intersects or exceeds the top of the
bars indicate hours when the demand meets or surpasses the available capacity located within the TPR. The dotted
line serves as an indicator for additional margin that is required. This threshold helps identify periods where the TPR
is at risk of energy shortfalls and may need to rely on imports from its neighbors.

ww #

| e e

Yiene (hes)

Figure H.1: Illustrative Example of the Available Capacity and Load on an Hourly Basis

While the previous figure shows the hourly fluctuations of available capacity and load, particular attention is given to
the hourly energy margin, or the difference between the total available capacity and the load and associated margin.
Figure H.2 specifically highlights the difference between the available energy supply and the combined load plus
margin requirements for each hour. The green markers and lines emphasize the hourly energy margin, which is the
difference between the top of each bar (total available capacity) and the dotted black line {load plus margin). When
the top of a bar exceeds the dotted black line, the green markers indicate a positive energy margin, meaning there is
surplus energy. Conversely, when the top of a bar is below the dotted black line, it shows a negative margin, indicating
where a TPR’s internal available capacity is insufficient to meet the load plus margin.
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Figure H.2: Illustrative Example of the Hourly Energy Margin

Hours with a significant gap between the top of the bars and the dotted black line (green markers) indicate periods
of comfortable surplus. These are periods when the value of the scarcity weighting factor will be low. Hours where
the bars are close to or below the dotted black line are periods when the value of the TPR’s scarcity weighting factor
will be high. These are critical times when the TPR might need to rely on imports from neighbors to ensure energy
adequacy.

To illustrate the process of the energy margin analysis, a deep dive of Winter Storm Elliott (December 2022) is shown
in this section for the SERC-E and neighboring TPRs. It should be noted that the results of this analysis are shown on
a simulation of a 2024 BPS, assuming the weather conditions observed during Winter Storm Elliott were repeated.
Thus, the load levels, resource mix, and specific operation conditions are expected to be different from the actual
December 2022 event.

Figure H.3 provides the hourly load (top) and hourly energy margin (bottom) for SERC-E in the 2024 scenario,
assuming 2022 weather year conditions. The top chart shows load deviating between ~15 GW during spring and fall
shoulder conditions, to a high of ~50 GW during Winter Storm Elliott, with other high load events occurring in the
summer and winter.

The bottom chart shows the corresponding energy margins, which in most cases show an inverse relationship to load,
with low, and at times negative, energy margins during winter storm Elliott and other winter peak demand periods.
Other times of the year have relatively low margins, but they rarely drop to the 10% tight margin level. These results
are shown prior to energy transfers, demand response, or involuntary load shed required to maintain the minimum
margin level.

Figure H.3: Load (top) and Energy Margin (bottom) for SERC-E, Weather Year 2022

Zooming in on the conditions during the end of December, Figure H.4 shows the available capacity during a week of
challenging conditions for SERC-E. Available resources (colored columns) fluctuate across the week due to
maintenance and/or forced outages, as well as fluctuations in the variable renewable resource, and the charge
(negative) and discharge (positive) contributions of energy storage resources. The solid black line shows the load
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levels across the week, also fluctuating due to hour of day, day of week, and weather conditions. The peak demand
occurs on the third day, reaching ~50 GW.

The figure shows a gap between the load level (black line) and the top of the available capacity stack, thus indicating
negative energy margins if no imports are available. The corresponding energy margins are shown on the bottom
trace in Figure H.4, showing times dropping below both the tight margin level and the minimum margin level. This
indicates time periods when energy imports are needed.
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Figure H.4: Illustrative Example of Available Resources, Load, and Hourly Energy Margin

In the previous plots, SERC-E was evaluated without interregional transfers from neighboring TPRs. The periods of
low energy margins represent time periods when imports are needed. Figure H.5 shows four maps of the United
States during the same time period (12/24, weather year 2022). The top left plot shows maximum load as a
percentage of annual peak, the top right shows average daily wind and solar capacity factor, the bottom left plot
shows the percentage of thermal resources on outage due to maintenance or forced outages, and the bottom right

plot shows the summary of all factors —the minimum energy margin as a percentage of load in each TPR seen on that
day.
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Figure H.5: National Illustration of Energy Margins and Contributing Factors

Taking these relative comparisons into account, the energy margin for SERC-E is provided in Figure H.6, along with
the imports from neighbors colored in the middle pane and the scarcity weighting factor in the neighboring TPRs
shown in the bottom pane. This illustrates that when SERC-E hits & tight margin level, it imports from neighboring
TPRs to help bring the hourly energy margin back to the tight margin level but can only do so if neighboring TPRs have
surplus energy to share and transmission limits allow for the interchange.
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Figure H.6: Hourly Energy Margin Example and Corresponding Imports
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Appendix I: Explanation of Scarcity Weighting Factor

The scarcity weighting factor is akin to the operating reserve demand curve (ORDC) implemented in ERCOT, which
employs a market mechanism that values operating reserves in the wholesale electric market based on the scarcity
of those reserves and reflects that value in energy prices.’ In this case, however, the scarcity weighting factor is not
a price, but rather a numerical guantity, for comparison of the hourly energy margin in each TPR. As reserves on the
system get tighter, the scarcity weighting factor increases, indicating that the TPR is getting tighter on its hourly
energy margin. An example of the scarcity weighting factor is provided in Figure 1.1, which shows an increasing
scarcity weighting factor at lower hourly energy margins.
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Figure I.1: Scarcity Weighting Factor Used in the Dispatch Model

The scarcity weighting factor is used in the model for two reasons, 1) to schedule storage resources to arbitrage net
load and the hourly energy margin, and 2) to indicate and prioritize which interfaces should be used for energy
transfers.

If a TPR cannot serve its own load, it will seek to import energy from a neighboring TPR with a relatively higher surplus
(indicated by a lower scarcity weighting factor), if transfer capability is available. This method allows the model to
track the daily and hourly availability of all resource types and calculate the relative surplus and deficit in each TPR
simultaneously, and ultimately prioritize additions to transfer capability. Consequently, this dispatch approach
supports the ability for a TPR to import from one neighbor while exporting to another, facilitating balanced energy
interchange across the network.

This approach intentionally focuses on the aggregate availability of energy within each TPR with respect to internal
resources as the primary focus. This deliberately excludes economic and policy objectives when considering prudent
additions to transfer capability as they are not within the scope of the study. By incorporating the Part 1 results in
the Part 2 analysis, a more simplified transfer model could be used to enable a simultaneous hourly assessment of
resource availability and transfers to support energy adequacy for reliability. Assessing the timing and location of
resource availability during chronological representations of system conditions for the entire North American BPS is
a substantial endeavor and this approach enabled systematic assessment of the entire system in a consistent manner.

155 ERCOT, 2022 Biennial ERCOT Repart on the Operating Reserve Demand Curve,
https://www.ercot.com/files/docs/2022/10/31/2022%20Biennial%20ERCOT%20Report%200n%20the%200RDC%20-%20Final_corr.pdf
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Appendix J: Details on Minimum and Tight Margin Levels

The minimum and tight margin levels used in Part 2 are intended to constrain TPR resources and set a limit for when
a TPR will no longer share additional energy with its neighbors. This is in recognition that Balancing Authorities do
hold resources in reserves. However, the margin levels specified in this study are not intended to exactly replicate
operating reserves as these differ by TPR and even by utility, but rather to seek to represent some level of withheld
capacity and energy.

In practice, a Balancing Authority holds a portion of operating reserves (i.e., contingency and regulation reserves)
even if entering involuntary load shed. The 3% threshold for minimum margin level was determined after reviewing
required daily reserve margin reports?>® and taking a load-weighted average of the required reserves, as a percentage
of daily peak load, by TPR across the country. This aggregated data is shown in Figure J.1. The tight margin level was
set at 10% based on discussion with the ITCS Advisory Group. Figure J.2 shows the actual average daily reserves held,
which informed the 10% tight margin level.
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Figure J.1 Average Daily Required Reserves (as a Percentage of Daily Peak)
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Figure J.2: Average Daily Reserves (as a Percentage of Daily Peak)
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