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1. Introduction

The title document was released in December of 2024. Unlike with most of my posts, |
will attempt to squeeze a reasonable summary of the title document in a single
maximum-length post (<5,000 words). Fortunately, NERC has facilitated this with an
excellent summary, and most of the excerpts and figures below will come from that."

2. Overview

In the 2024 LTRA, NERC finds that most of the North American Bulk Power System
(BPS) faces mounting resource adequacy challenges over the next 10 years as surging
demand growth continues and thermal generators announce plans for retirement. New
solar PV, battery, and hybrid resources continue to flood interconnection queues, but
completion rates are lagging behind the need for new generation. Furthermore, the
performance of these replacement resources is more variable and weather-dependent
than the generators they are replacing. As a result, less overall capacity (dispatchable
capacity in particular) is being added to the system than what was projected and needed
to meet future demand. The trends point to critical reliability challenges facing the
industry: satisfying escalating energy growth, managing generator retirements,
and accelerating resource and transmission development.

This 2024 LTRA is the Electric Reliability Organization’s (ERO’s) independent
assessment and comprehensive report on the adequacy of planned BPS resources to
reliably meet the electricity demand across North America over the next 10 years; it also
identifies reliability trends, emerging issues, and potential risks that could impact the
long-term reliability, resilience, and security of the BPS. The findings presented here are
vitally important to understanding the reliability risks to the North American BPS as it is
currently planned and being influenced by government policies, regulations, consumer
preferences, and economic factors. Summaries of the report sections are below.

2.1. Capacity and Energy Risk Assessment

The Capacity and Energy Risk Assessment section of this report identifies potential
future electricity supply shortfalls under normal and extreme weather conditions. NERC’s
evaluation of resource adequacy in the LTRA considers both the capacity of the
resources and the capability of resources to convert inputs (e.q., fuel, wind, and solar
irradiance) into electrical energy. NERC used both a probabilistic assessment and a
reserve margin analysis to assess the risk of future electricity supply shortfalls. Both are
forward-looking snapshots of resource adequacy that are tied to industry forecasts of
electricity supplies, demand, and transmission development.

! North American Reliability Corporation (NERC), 2024 Long-Term Reliability Assessment, December
2024, Executive Summary
https://www.nerc.com/pa/RAPA/ra/Reliability%20Assessments%20DL/NERC_Long%20Term%?20Reliability%20Ass

essment_2024.pdf
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Areas categorized as High Risk fall below established resource adequacy criteria in the
next five years. High-risk areas are likely to experience a shortfall in electricity supplies
at the peak of an average summer or winter season. Extreme weather, producing wide-
area heat waves or deep-freeze events, poses an even greater threat to reliability.
Elevated-Risk areas meet resource adequacy criteria, but analysis indicates that
extreme weather conditions are likely to cause a shortfall in area reserves. Normal-Risk
areas are expected to have sufficient resources under a broad range of assessed
conditions. The results of the risk assessment are depicted in Figure 1.
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High Risk: shortfalls may occur at normal peak conditions
Elevated Risk: shortfalls may occur in extreme conditions
Normal Risk: low likelihood of electricity supply shortfall

Figure 1: Risk Area Summary 2025-2029

The table below (next page) contains summaries of the risks in each NERC Area.

2.2. Risk from Additional Generator Retirements

Plans for generator retirements continue at similar pace and scale to levels reported in
the 2023 LTRA. Confirmed generator retirements (52 GW by 2029 and 78 GW over the
10-year period) are accounted for in the Capacity and Energy Risk Assessment above.
Economic, policy, and regulatory factors spur further fossil-fired generators to retire in
the 10-year horizon. Announced retirements, which include many generators that have
not begun formal deactivation processes with planning entities, total 115 GW over the
10-year period. The effect of all retirements on the assessment area Planning Reserve
Margins (PRM) can be seen in Figure 2. On-peak reserve margins fall below Reference
Margin Levels (RMLs); the levels required by jurisdictional resource adequacy
requirements) in the next 10 years in almost every assessment area, signaling an
accelerating need for more resources.
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Area Risk Level Years Risk Summary

MISO High 2025 - Resource additions are not keeping up with generator retirements and demand growth. Reserve margins fall below Reference Margin Levels
(RML) in winter and summer.

Manitoba Elevated 2028 - Potential resource shortfalls in low-hydro conditions, driven by rising demand.

SaskPower Elevated 2026 - Risk of insufficient generation during fall and spring when more generators are off-line for maintenance.

Southwest Power Pool (SPP) | Elevated 2025 - Potential energy shortfalls during peak summer and winter conditions arise from low wind conditions and natural gas fuel risk.

New England Elevated 2026 - Strong demand growth and persistent winter natural gas infrastructure limitations pose risks of supply shortfalls in extreme winter conditions.

Ontario Elevated 2027 - Reserve margins fall below RMLs as nuclear units undergo refurbishment and some current resource contracts expire. Demand growth is also
adding to resource procurement needs.

PIM Elevated 2026 - Resource additions are not keeping up with generator retirements and demand growth. Winter seasons replace summer as the higher-risk
periods due to generator performance and fuel supply issues.

SERC-East Elevated 2028 - Demand growth and planned generator retirements contribute to growing energy risks. Load is at risk in extreme winter conditions that cause
demand to soar while supplies are threatened by generator performance, fuel issues, and inability to obtain emergency transfers.

ERCOT Elevated 2026 - Surging load growth is driving resource adequacy concerns as the share of dispatchable resources in the mix struggles to keep pace. Extreme
winter weather has the potential to cause the most severe load-loss events.

California-Mexico Elevated 2028 - Demand growth and planned generator retirements can result in supply shortfalls during wide-area heat events that limit the supply of energy
available for import.

British Columbia Elevated 2027 - Drought and extreme cold temperatures in winter can result in periods of insufficient operating reserves when neighboring areas are unable to

provide excess energy.
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Figure 2: Projected Reserve Margin Shortfall Areas

2.3. Changing Resource Mix and Reliability Implications

New resource additions continue at a rapid pace. Solar PV remains the overwhelmingly
predominant generation type being added to the BPS followed by battery and hybrid
resources, natural-gas-fired generators, and wind turbines. New resource additions fell
short of industry’s projections from the 2023 LTRA with the notable exception of
batteries, which added more nameplate capacity than was reported in development last

year.
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As older fossil-fired generators retire and are replaced by more solar PV and wind
resources, the resource mix is becoming increasingly variable and weather-dependent.
Solar PV, wind, and other variable energy resources (VER) contribute some fraction of
their nameplate capacity output to serving demand based on the energy-producing
inputs (e.g., solar irradiance, wind speed). The new resources also have different
physical and operating characteristics from the generators that they are replacing,
affecting the essential reliability services (ERS) that the resource mix provides. As
generators are deactivated and replaced by new types of resources, ERS must still be
maintained for the grid to operate reliably.

Natural-gas-fired generators are a vital Bulk Power System (BPS) resource. They
provide ERSs by ramping up and down to balance a more variable resource mix and are
a dispatchable electricity supply for winter and times when wind and solar resources are
less capable of serving demand. Natural gas pipeline capacity additions over the past
seven years are trending downward, and some areas could experience insufficient
pipeline capacity for electric generation during peak periods.

24, Trends and Reliability Implications

Demand and transmission trends affect long-term reliability and the sufficiency of
electricity supplies. A summary for each is provided below and further discussed within
the Demand Trends and Implications and Transmission Development and Interregional
Transfer Capability sections.

241. Demand Trends

Electricity peak demand and energy growth forecasts over the 10-year assessment
period continue to climb; demand growth is now higher than at any point in the past two
decades. Increasing amounts of large commercial and industrial loads are connecting
rapidly to the BPS. The size and speed with which data centers (including crypto and Al)
can be constructed and connect to the grid presents unique challenges for demand
forecasting and planning for system behavior. Additionally, the continued adoption of
electric vehicles and heat pumps is a substantial driver for demand around North
America. The aggregated BPS-wide projections for both winter and summer have
increased massively over the 10-year period:

+ The aggregated assessment area summer peak demand forecast is expected to rise
by 15% for the 10-year period: 132 GW this LTRA up from over 80 GW in the 2023
LTRA.

» The aggregated assessment area winter peak demand forecast is expected to rise
over almost 18% for the 10-year period: 149 GW this LTRA up from almost 92 GW in
the 2023 LTRA.
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24.2. Transmission Trends

For the first time in recent years, transmission projections reported for the LTRA reflect a
significant increase in transmission development. This year’s cumulative level of 28,275
miles of transmission (>100 kV) in various stages of development for the next 10 years is
substantially higher than the 2023 LTRA 10-year projections (18,675 miles) and is above
the average of the past five years of NERC’s LTRA reporting on average (18,900 miles
of transmission planning projects in each 10-year period published in the last five
LTRAs). Transmission in construction has yet to increase substantially; rather, the large
increase in transmission projects is seen in planning stages of development.

New transmission projects are being driven to support new generation and enhance
reliability. Transmission development continues to be affected by siting and permitting
challenges. Of the 1,160 projects that are under construction or in planning for the next
10 years, 68 projects totaling 1,230 miles of new transmission are delayed by siting and
permitting issues, according to data collected for the LTRA. Questions of cost allocation
and recovery can also challenge transmission development when the benefits apply to
more than one area, as often occurs with projects that enhance interregional transfer
capability.

In NERC'’s separate Interregional Transfer Capability Study (ITCS), which was
performed to meet requirements contained in the Fiscal Responsibility Act of 2023,
NERC found that an additional 35 GW of transfer capability across the United States
would strengthen energy adequacy under extreme conditions. Increasing transfer
capability between neighboring transmission systems has the potential to alleviate
energy shortfalls in some areas identified in this LTRA’s Capacity and Energy Risk
Assessment. Conversely, when resource plans are developed that address these same
energy shortfalls, such as through resource additions, demand-side management
initiatives, or changes to generator retirement plans, the need for increased transfer
capability will also change. Planners have options for reducing energy adequacy risks
from extreme weather. Selecting the best course of action will depend on weighing these
options against various engineering, economic, policy, reliability, and resilience
objectives.

The ITCS provides foundational insights that facilitate stakeholder analysis and actions;
it is not a transmission plan. In the future, NERC will extend the study beyond the
congressional mandate to include transfer capabilities from the United States to Canada
and among Canadian provinces.

2.5. Recommendations

To address the energy and capacity risks identified in this LTRA, NERC recommends
the following priority actions:
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1.

Integrated Resource Planners, market operators, and regulators: Carefully
manage generator deactivations. Independent System Operator/Regional
Transmission Organizations (ISO/RTOs) should evaluate mechanisms and
process enhancements for obtaining information on expected generator
retirements that would support early identification of reliability risks. State and
provincial requlators and ISO/RTOs need to have mechanisms they can employ
to extend the service of generators seeking to retire when they are needed for
reliability, including the management of energy shortfall risks. Regulatory and
policy-setting organizations must use their full suite of tools to manage the pace
of retirements and ensure that replacement infrastructure can be developed and
placed in service.

NERC and Regional Entities: Improve the LTRA by incorporating new analysis
and criteria to inform stakeholders of future reliability risks. NERC increased the
frequency of the Probabilistic Assessments from biennial to annual and included
unserved energy and load-loss metrics as the basis for risk analysis in this year’s
LTRA. To be more effective in using energy criteria and outputs of probabilistic
analysis, NERC must specify consistent methods and assumptions for
assessment areas to follow in preparing the annual Probabilistic Assessments.
NERC and the Regional Entities, in consultation with the RSTC, should also
continue to enhance NERC’s LTRA to assess ERSs in the future system and the
potential impact of new and evolving electricity market practices, regulations, or
legislation on resource adequacy. Finally, NERC should work with the Regional
Entities to perform wide-area energy analysis with modeled interregional transfer
capability. Wide-area energy analysis will support the evaluation of extreme
weather and regional fuel supply issues on an interconnection level.

Regulators and Policymakers: Streamline siting and permitting processes to
remove barriers to resource and transmission development. As ISO/RTOs
continue looking for opportunities to speed transmission planning processes,
delays from siting and permitting activities will need to be reduced. These are the
most common causes for delayed transmission projects. Support from regulators
and policymakers at the federal, state, and provincial levels is urgently needed.

Regulators, electric industry, and gas industry member organizations: Implement
a framework for addressing the operating and planning needs of the
interconnected natural gas-electric energy system. Various initiatives were
launched in the past year to address the reliability needs that arise from the
complexity of interconnecting natural gas and electric infrastructure. Voluntary
actions taken by the natural gas industry in response to the North American
Energy Standards Board (NAESB) Forum report are a positive step toward
improving winter readiness. The National Association of Regulatory Utility
Commissioners (NARUC) launched its Gas-Electric Alignment for Reliability
(GEAR) task force this year and recently created the Natural Gas Readiness
Forum. For its part, NERC continues to collaborate extensively with industry and
policymakers. NERC has enhanced its Reliability Standards requiring generators
to prepare for winter extremes, implement training, and establish communication
protocols between generators and grid operators. Current standards projects
encompass extreme weather planning and energy assurance requirements.
NERC will continue to provide full support to initiatives aimed at achieving a
reliable interconnected energy system and urges regulators and policymakers to
support needed avenues of coordination between the two sectors.
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5.

Regional transmission organizations, independent system operators, and FERC:
Continue to ensure essential reliability services are maintained. The changing
composition of the North American resource mix calls for more robust planning
approaches to ensure adequate ERSs.? Retiring conventional generation is being
replaced with large amounts of wind and solar; planning considerations must
adapt with more attention to ERSs. As replacement resources are
interconnected, these new resources should be capable of supporting voltage,
frequency, ramping, and dispatchability. Many technologies can contribute to
ERSs, including variable energy resources; however, policies and market
mechanisms need to reflect these requirements to ensure these services are
provided and maintained. Regional transmission organizations, independent
system operators, and FERC have taken steps in this direction, and these
positive steps must continue.

In addition to these priorities, NERC recommends continued progress in areas identified
previously in NERC’s LTRA and other assessment reports.

2 Essent

ial Reliability Services:

https://www.nerc.com/pa/RAPA/ra/Reliability%20Assessments%20DL/ERS%20Abstract%20Report%20F

inal.pdf
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