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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
the North American Electric Reliability Corporation (NERC) and the six Regional Entities, is a highly reliable 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.

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

The North American BPS is made up of six Regional Entity boundaries as shown in the map and corresponding table below. The multicolored area denotes overlap as some load-serving entities (LSE) participate
in one Regional Entity while associated Transmission Owners/Operators participate in another. A map and list of the assessment areas can be found in the Regional Assessments section.

MRO Midwest Reliability Organization
NPCC Northeast Power Coordinating Council
RF ReliabilityFirst

SERC SERC Reliability Corporation

Texas RE | Texas Reliability Entity

WECC WECC
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About this Assessment

NERC is a not-for-profit international regulatory authority with the mission to assure the reliability of
the BPS in North America. NERC develops and enforces Reliability Standards; annually assesses
seasonal and long-term reliability; monitors the BPS through system awareness; and educates, trains,
and certifies industry personnel. NERC's area of responsibility spans the continental United States,
Canada, and the northern portion of Baja California, Mexico. NERC is the ERO for North America and
is subject to oversight by the U.S. Federal Energy Regulatory Commission (FERC, also known as the
Commission) and governmental authorities in Canada. NERC's jurisdiction includes users, owners, and
operators of the North American BPS and serves more than 334 million people. Section 39.11(b) of
FERC's regulations provides that “The Electric Reliability Organization shall conduct assessments of
the adequacy of the Bulk-Power System in North America and report its findings to the Commission,
the Secretary of Energy, each Regional Entity, and each Regional Advisory Body annually or more
frequently if so ordered by the Commission.”

Development Process

This assessment was developed based on data and narrative information NERC collected from the six
Regional Entities (see Preface) on an assessment area (see Regional Assessments) basis to
independently evaluate the long-term reliability of the North American BPS while identifying trends,
emerging issues, and potential risks during the upcoming 10-year assessment period. The Reliability
Assessment Subcommittee, at the direction of NERC's Reliability and Security Technical Committee
(RSTC), supported the development of this assessment through a comprehensive and transparent
peer review process that leverages the knowledge and experience of system planners, Reliability
Assessment Subcommittee members, NERC staff, and other subject matter experts; this peer review
process ensures the accuracy and completeness of all data and information. This assessment was also
reviewed by the RSTC, and the NERC Board of Trustees (Board) subsequently accepted this
assessment and endorsed the key findings.

NERC develops the Long-Term Reliability Assessment (LTRA) annually in accordance with the ERO’s
Rules of Procedure?! and Title 18, § 39.11? of the Code of Federal Regulations,® also required by Section

1 NERC Rules of Procedure - Section 803

215(g) of the Federal Power Act, which instructs NERC to conduct periodic assessments of the North
American BPS.*

Considerations

Projections in this assessment are not predictions of what will happen; they are based on information
supplied in July 2022 about known system changes with updates incorporated prior to publication.
This 2022 LTRA assessment period includes projections for 2023-2032; however, some figures and
tables examine data and information for the 2022 year. This assessment was developed by using a
consistent approach for projecting future resource adequacy through the application of the ERO
Reliability Assessment Process.> NERC’s standardized data reporting and instructions were developed
through stakeholder processes to promote data consistency across all the reporting entities that are
further explained in Demand Assumptions and Resource Categories. Reliability impacts related to
cyber and physical security risks are not specifically addressed in this assessment; this assessment is
primarily focused on resource adequacy and operating reliability. NERC leads a multi-faceted
approach through NERC’s Electricity-Information Sharing and Analysis Center (E-ISAC) to promote
mechanisms to address physical and cyber security risks, including exercises and information-sharing
efforts with the electricity industry.

The LTRA data used for this assessment creates a reference case dataset that includes projected on-
peak demand and system energy needs, demand response (DR), resource capacity, and transmission
projects. Data from each Regional Entity is also collected and used to identify notable trends and
emerging issues. This bottom-up approach captures virtually all electricity supplied in the United
States, Canada, and a portion of Baja California, Mexico. NERC's reliability assessments are developed
to inform industry, policy makers, and regulators as well as to aid NERC in achieving its mission to
ensure the reliability of the North American BPS.

2 Section 39.11(b) of FERC'’s regulations states the following: “The Electric Reliability Organization shall conduct assessments of the adequacy of the Bulk-Power System in North America and report its findings to the Commission, the Secretary of Energy, each

Regional Entity, and each Regional Advisory Body annually or more frequently if so ordered by the Commission.”
3 Title 18, § 39.11 of the Code of Federal Regulations

4 BPS reliability, as defined in the How NERC Defines BPS Reliability section of this report, does not include the reliability of the lower-voltage distribution systems that account for 80% of all electricity supply interruptions to end-use customers.
5 ERO Reliability Assessment Process Document, April 2018: https://www.nerc.com/comm/PC/Reliability%20Assessment%20Subcommittee%20RAS%202013/ERO%20Reliability%20Assessment%20Process%20Document.pdf
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About this Assessment

Assumptions
In this 2022 LTRA, the baseline information on future electricity supply and demand is based on
several assumptions:®

Supply and demand projections are based on industry forecasts submitted and validated in
July 2022. Any subsequent demand forecast or resource plan changes may not be fully
represented; however, updated data submitted throughout the report drafting time frame
have been included where appropriate.

Peak demand is based on average peak weather conditions and assumed forecast economic
activity at the time of submittal. Weather variability is discussed in each Regional Entity’s self-
assessment.

Generation and transmission equipment will perform at historical availability levels.

Future generation and transmission facilities are commissioned and in service as planned,
planned outages take place as scheduled, and retirements take place as proposed.

Demand reductions expected from dispatchable and controllable DR programs will yield the
forecast results if they are called on.

Other peak demand-side management programs, such as energy efficiency (EE) and price-
responsive DR, are reflected in the forecasts of total internal demand.

Reading this Report
This report is compiled into two major parts:

e Avreliability assessment of the North American BPS with the following goals:

Evaluate industry preparations that are in place to meet projections and maintain
reliability

Identify trends in demand, supply, and reserve margins

Identify emerging reliability issues

Focus the industry, policy makers, and the general public’s attention on BPS reliability
issues

Make recommendations based on an independent NERC reliability assessment process

e Aregional reliability assessment that contains the following:

10-year data dashboard

Summary assessments for each assessment area

Focus on specific issues identified through industry data and emerging issues
Identify regional planning processes and methods used to ensure reliability

% Forecasts cannot precisely predict the future. Instead, many forecasts report probabilities with a range of possible outcomes. For example, each regional demand projection is assumed to represent the expected midpoint of possible future outcomes. This
means that a future year’s actual demand may deviate from the projection due to the inherent variability of the key factors that drive electrical use, such as weather. In the case of the NERC regional projections, there is a 50% probability that actual
demand will be higher than the forecast midpoint and a 50% probability that it will be lower (50/50 forecast).
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Executive Summary

Introduction

This 2022 LTRA is the 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
ten years. This 2022 LTRA also identifies reliability trends, emerging issues, and potential risks that
could impact the long-term reliability, resilience, and security of the BPS.

The findings in this 2022 LTRA are vitally important to understand the reliability risks to the North
American BPS as it is currently planned and as it is being shaped by government policies, regulations,
consumer preferences, and economic factors. Energy systems and the electricity grid are undergoing
unprecedented change on a scope, scale, and speed that challenges the ability to foresee—and design
for—their future states. This report contains future energy sufficiency metrics that serve as guideposts
for the reliability of the North American electric grid on its current trajectory. It also describes the
relevant trends that are propelling the grid’s transformation and have the potential to alter the ability
of the BPS to service the energy needs of communities and industries in North America.

Projected Area Supply Shortfalls

The Resource Capacity and Energy Risk Assessment section of this report identifies potential
electricity supply shortfalls under normal and more severe conditions. NERC’s assessment assumes
the latest demand forecasts, resource levels, and area transfer commitments as well as accounts for
expected generator retirements, resource additions, and demand-side resources.

High Risk Areas’

Most areas are projected to have adequate electricity supply resources to meet demand forecasts
associated with normal weather. However, areas shown in red (high risk) in Figure 1 do not meet
resource adequacy criteria, such as the 1-day-in-10 year load-loss metric during periods of the
assessment horizon. This indicates that the supply of electricity for these areas is more likely to be
insufficient in the forecast period and that more firm resources are needed. The following is a
summary of the high-risk areas (details are discussed in later sections of this 2022 LTRA):

¢ In the Midcontinent Independent System Operator (MISO) area, the previously-reported
reserve margin shortfall has advanced by one year, resulting in a 1,300 MW capacity deficit
for the summer of 2023. The projected shortfall continues an accelerating trend since both
the 2020 LTRA and the 2021 LTRA as older coal, nuclear, and natural gas generation exit the
system faster than replacement resources are connecting.

e NPCC-Ontario also continues to project a reserve margin shortfall in 2025 and beyond. The
capacity deficit of 1,700 MW is driven by generation retirements and lengthy planned outages
at nuclear units undergoing refurbishment.

e Resource additions in the California/Mexico (CA/MX) part of WECC are alleviating capacity
risks, but energy risks persist. Planned reserve margins meet annual reserve margin targets
for the duration of the 10-year horizon. However, overall variability in both the resource mix
and demand profile contributes to shortfall risk periods, mainly in summer months around
sunset, when expected supplies are not sufficient to meet the demand.

Elevated Risk Areas®

Extreme temperatures and prolonged severe weather conditions are increasingly impacting the BPS.
Extreme weather impacts the system by increasing electricity demand and forcing generation and
other resources off-line. While a given area may have sufficient capacity to meet resource adequacy
requirements, it may not have sufficient availability of resources during extreme and prolonged
weather events. Therefore, long-duration weather events increase the risk of electricity supply
shortfalls.

In many parts of North America, peak electricity demand is increasing, and forecasting demand and
its response to extreme temperatures and abnormal weather is increasingly uncertain. Electrification
and distributed energy resource (DER) trends can be expected to further contribute to demand
growth and sensitivity to weather patterns. Specifically, electrification of residential heating requires
the system to serve especially high demand on especially cold days.

7 An assessment area is deemed to be “high risk” by failing to meet the established resource adequacy target or requirement. The established resource adequacy target is not established by NERC, but instead by the prevailing regulatory authority or market
operator. Generally, these targets/requirements are based on a 1 day/event load-loss in a 10-year planning requirement. High risk areas have a probability of load shed greater than the requirement/target. Simply said, high risk areas do not meet resource

adequacy requirements.

8 An assessment area is deemed to be “elevated risk” when it meets the established resource adequacy target or requirement, but the resources fail to meet demand and reserve requirements under the probabilistic or deterministic scenario analysis. The
established resource adequacy target is not established by NERC, but instead the prevailing regulatory authority or market operator. Simply, elevated risk areas meet resource adequacy requirements, but they may face challenges meeting load under extreme

conditions.

NERC | Long Term Reliability Assessment | December 2022



Executive Summary

Electricity supplies can decline in extreme weather for many reasons. Generators that are not
designed or prepared for severe cold or heat can be forced off-line in increasing amounts. Wide area
weather events can also impact multiple balancing and transmission operations simultaneously that
limit the availability of transfers. Fuel production or transportation disruptions could limit the amount
of natural gas or other fuels available for electric generation. Wind, solar, and other variable energy
resource (VER) generators are dependent on the weather.

Figure 1: Risk Area Summary 2023-2027

Areas in (elevated risk) in Figure 1 meet resource adequacy criteria and have sufficient energy
and capacity for normal forecasted conditions, but they are at risk of shortfall in extreme conditions:

e All three assessment areas in the U.S. West—CA/MX, Western Power Pool (WPP), and the
Southwest Reserve Sharing Group (SRSG)—have increasing demand and resource mix
variability. In normal conditions, the expected demand and resource variability is balanced
across the area as excess supply from one part of the system is delivered through the

transmission network to places where demand is higher than supply. However, more extreme
summer temperatures that stress large portions of the Interconnection reduce the availability
of excess supply for transfer while also reducing the transmission network’s ability to transfer
the excess.

e Reliability during extreme winter weather remains a concern in Texas. ERCOT’s winter peak
load varies substantially (as much as 12.5%) between the coldest temperatures of an average
year and a more extreme year as might be experienced once per decade. A high number of
forced outages of the thermal and wind generation fleet have been an issue in severe winter
weather. Improved generator availability resulting from winter preparedness programs and
reforms implemented by Texas regulators, ERCOT, and Generator Owners since February
2021 are expected to reduce the risk that electricity supplies will be insufficient during a
severe winter storm.

e SPPis exposed to energy risks in ways that are similar to both Texas and the U.S. West. Severe
weather in SPP is likely to cause high generator outages and poses a risk to natural gas fuel
supplies. In addition, the penetration of wind generation makes the resource mix variable and
exposed to insufficient energy during low wind periods.

e In New England, limited natural gas infrastructure can impact winter reliability due to
increased heating demand and the potential for supply disruptions to generators. Liquefied
natural gas facilities and sufficient generators with stored backup fuels are critical to electric
reliability.

Continuing Resource Mix Changes and Implications for Reliability

This 2022 LTRA contains the latest industry projections for generation and other resources, including
DR, DERs, and the resulting Continuing Resource Mix Changes and Implications for Reliability found
at this link. Highlights of these trends and the implications for reliability include the following:

e Reliable Interconnection of Inverter-Based Resources: Reliably integrating inverter-based
resources (IBR), which include most solar and wind generation, onto the grid is paramount.
Over 70% of the new generation in development for connecting to the BPS over the next 10
years is solar, wind, and hybrid (a generating source combined with a battery).

e Accommodating Large Amounts of Distributed Energy Resources: Preparing the grid to
operate with increasing levels of distribution resources must also be a priority in many areas.
Solar photovoltaic (PV) DERs are projected to reach over 80 GW by the end of this 10-year
assessment, a 25% increase in projection since the 2021 LTRA; a total of 12 assessment areas
project to double the amount of DERs in their areas by 2032.

NERC | Long Term Reliability Assessment | December 2022
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Executive Summary

Managing the Pace of Generation Retirements: As new resources are introduced and older
traditional generators retire, careful attention must be paid to power system and resource
mix reliability attributes. Within the 10-year horizon, over 88 GW of generating capacity is
confirmed for retirement through regional transmission planning and integrated processes.
Effective regional transmission and integrated resource planning processes are the key to
managing the retirement of older nuclear, coal-fired, and natural gas generators in a manner
that prevents energy risks or the loss of necessary sources of system inertia and frequency
stabilization that are essential for a reliable grid.

Maintaining Essential Reliability Services: The changing composition of the North American
resource mix calls for more robust planning approaches to ensure adequate essential
reliability services.® Retiring conventional generation is being replaced with large amounts of
wind and solar; planning considerations must adapt with more attention to essential
reliability services. As replacement resources are interconnected, these new resources should
have the capability to support voltage, frequency, and dispatchability. Various technologies
can contribute to essential reliability services, 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.

Trends and Implications for Reliability

Demand Trends and Implications as well as Transmission Development Trends and Implications
found at these links affect long-term reliability and the sufficiency of electricity supplies. Several key
insights emerge from the latest industry data:

Peak Demand and Energy Growth: Projected growth rates of electricity peak demand and
energy in North America are increasing for the first time in recent years. Government policies
for the adoption of electric vehicles (EVs) and other energy transition programs have the
potential to significantly influence demand. Demand-side management programs, including
conservation, EE, and DR continue to offset demand and contribute to load management.
Where rapid transition is proposed, early alignment and coordination on energy and
infrastructure are needed.

Insufficient Transmission for Large Power Transfers: Transmission development projections
remain near the averages of the past five NERC LTRAs. There has been some increase in the

number of miles of transmission line projects for integrating renewable generation over the
next 10 years compared to the 2021 LTRA projections. Transmission investment is important
for reliability and resilience as well as the integration of new generation resources.

Emerging Electrification Challenges: Several emerging issues and trends have the potential
to impact future long-term projections of demand and resources. In addition to EV and
electrification issues, cryptocurrency mining may have a notable impact on demand and
resources in some areas. Resource development may be significantly altered by supply chain
issues and differ from projections used in this 2022 LTRA. Notable emerging issues and their
potential implications are discussed in this report.

Conclusions and Recommendations

The energy and capacity risks identified in this assessment underscore the need for reliability to be a
top priority for the resource and system planning community of stakeholders. Planning and operating
the grid must increasingly account for different characteristics and performance in electricity
resources as the energy transition continues. General actions for industry and policymakers to address
the reliability risks described in this 2022 LTRA include the following:

Manage the pace of generator retirements until solutions are in place that can continue to
meet energy needs and provide essential reliability services

Include extreme weather scenarios in resource and system planning
Address IBR performance and grid integration issues

Expand resource adequacy evaluations beyond reserve margins at peak times to include
energy risks for all hours and seasons

Increase focus on DERs as they are deployed at increasingly impactful levels

Mitigate the risks that arise from growing reliance on just-in-time fuel for electric generation
and the interdependent natural gas and electric infrastructure

Consider the impact that the electrification of transportation, space heating, and other
sectors may have on future electricity demand and infrastructure

Specific LTRA recommendations are provided on the following page and in the appropriate sections
of this report.

9 Essential Reliability Services: https://www.nerc.com/pa/RAPA/ra/Reliability%20Assessments%20DL/ERS%20Abstract%20Report%20Final.pdf
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Executive Summary

Reducing the Risk of Insufficient Energy

The impact of wide-area and long-duration extreme weather events, such as the February 2021 South
Central U.S. cold weather event and the August 2020 Western U.S. wide-area heat event, have
underscored the need to consider extreme scenarios for resource planning. Energy risks emerge when
weather-dependent generation is impacted by abnormal atmospheric conditions or when extreme
conditions disrupt fuel supplies. In areas with a high dependence on VERs and natural-gas-fired
generation, Prospective Reserve Margins (PRM) are not sufficient for measuring resource adequacy:

e Industry and regulators should conduct all-hours energy availability analyses for evaluating
and establishing resource adequacy and include extreme condition criteria in integrated
resource planning and wholesale market designs.

e The ERO and industry should prioritize the development of Reliability Standard requirements
to address energy risks in operations and planning. NERC's Reliability Standards Project 2022-
03 should be closely monitored, and stakeholder experts should contribute to developing
effective requirements for entities to assess energy risks and implement corrective actions in
all time horizons.

e State and provincial regulators and independent system operators (ISO)/regional
transmission operators (RTO) should have mechanisms they can employ to prevent the
retirement of generators that they determine are needed for reliability, including the
management of energy shortfall risks.

e Regulatory and policy-setting organizations should use their full suite of tools to manage the
pace of retirements and ensure that replacement infrastructure can be timely developed and
placed in service. If needed, the Department of Energy should use its 202(c) authority as called
upon by electric system operators.

e Resource planners and policymakers must pay careful attention to the pace of change in the
resource mix as well as update capacity and energy risk studies (including all-hours
probabilistic analysis) with accurate resource projections.

Planning and Adapting for IBRs and DERs

IBRs, including most solar and wind as well as new battery or hybrid generation, respond to
disturbances and dynamic conditions based on programmed logic and inverter controls. The tripping
of BPS-connected solar PV generating units and other control system behavior during grid faults has
caused a sudden loss of generation resources over wide areas in some cases. As areas become more

10 https://www.nerc.com/comm/Documents/NERC IBR Strategy.pdf

reliant on IBRs for their electricity generation, it is critically important to reduce risks from IBR
performance issues. Likewise, explosive growth in DERs underscores the need to incorporate them
into system planning:

e The ERO and Industry should take steps to ensure that IBRs operate reliably and the system
is planned with due consideration for their unique attributes. NERC has developed an IBR
strategy document to address IBR performance issues that illustrates current and future work
to mitigate emerging risks in this area.’® Regulators, industry-standards-setting organizations,
trade forums, and manufacturers each have a role to play to address IBR performance issues.

e Industry should increase its focus on the technical needs for the BPS to reliably operate with
increased amounts of DERs. Growth promises both opportunities and risks for reliability.
Increased DER penetrations can improve local resilience at the cost of reduced operator
visibility into loads and resource availability. Data sharing, models, and information protocols
are needed to support BPS planners and operators. DER aggregators will also play an
increasingly important role for BPS reliability in the coming years. Increasing DER participation
in wholesale markets should be considered in connection with potential impacts to BPS
reliability, contingency selection, and how any reliability gaps might be mitigated.

Addressing the Reliability Needs of Interdependent Electricity and Natural Gas Infrastructures
Natural gas is an essential fuel for electricity generation that bridges the reliability needs of the BPS
during this period of energy transition. As natural-gas-fired generation continues to increase,
vulnerabilities associated with natural gas delivery to generators can potentially result in generator
outages. Energy stakeholders must urgently act to solve reliability challenges that arise from
interdependent natural gas and electricity infrastructure:

e EROand Industry planners should enhance guidelines for assessing and reducing risks through
system and resource planning studies and develop appropriate Reliability Standards
requirements to ensure corrective actions are put in place.

e Regulators and other energy stakeholders must also take steps to promote coordination on
interdependencies. The forum convened by the North American Energy Standards Board is
one such important action that should be broadly supported.!!

1 https://www.nerc.com/news/Pages/-FERC,-NERC-Encourage-NAESB-to-Convene-Gas-Electric-Forum-to-Address-Reliability-Challenges.aspx
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Capacity and Energy Assessment

Capacity and Energy Assessment

Resource Capacity and Energy Risk Assessment
NERC is using two approaches in this LTRA to assess future resource capacity and energy risk:

e Comparing the margin between projected resources and peak demand, or reserve margin, to
a reference margin level (RML) that represents the accepted level of risk based on a
probability-based loss of load analysis

e Assessing load-loss metrics determined from probability-based simulation of projected
demand and resource availability over all hours to identify high risk periods and energy
constraints. Loss-of-load hours (LOLH) and expected unserved energy (EUE) from NERC's
biennial Probabilistic Assessment (ProbA) are used to identify risk levels. LOLH greater than
two hours and EUE greater than 0.2% of total energy is considered high risk for the purposes
of this LTRA.

See the Demand Assumptions and Resource Categories for further details on these approaches.
Supplemental tables and figures throughout this LTRA as well as assessment area dashboards (see
Regional Assessments) provide resource capacity and energy risk assessment results for all areas.

Finding: Parts of the North American BPS face resource capacity or energy risks as early as the
summer of 2023 (Figure 1). Capacity deficits, where they are projected, are largely the result of
generator retirements that have yet to be replaced. While some areas have sufficient capacity
resources, energy limitations and unavailable generation during certain conditions (e.g., low wind,
extreme and prolonged cold weather) can result in the inability to serve all firm demand.

Future Capacity Shortfall in MISO

Anticipated reserves fall below the RML in the MISO assessment area beginning in the summer of
2023 —one year earlier than reported in the 2021 LTRA and two years earlier than reported in the
2020 LTRA. Resources below the RML indicate that the area lacks adequate resources to limit load
loss events to less than 1-day-in-10 years, an established resource planning criterion. The 1,300 MW
shortfall that is projected for next summer follows the retirement of 5,900 MW of coal-fired and
natural gas generation since 2021. Anticipated resources for the 2023 summer include 6,600 MW of
planned (Tier 1) resources made up of 56% solar, 37% natural gas, and 7% wind. MISO’s anticipated
reserve margins (ARM) and PRMs for the next five years are in Figure 2.

80%
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Figure 2: MISO Five-Year Projected Reserves (ARM and PRM)

Future Energy Risks in MISO

Results of the biennial ProbA conducted as part of this year’s LTRA (2022 ProbA) confirm LOLH for
2024 are expected to increase from less than 0.1 hours per year to approaching one hour per year.
Most risk occurs in June through August, corresponding to the months during which demand in MISO
peaks. The ProbA also reveals risk periods in September and October when seasonal planned outages
overlap with high demand. Another risk period is associated with winter, when extreme cold
temperatures can push demand higher than normal in the morning and evening hours.

Future Capacity Shortfall in NPCC-Ontario

The ARMs in NPCC-Ontario fall below the RML in 2025 and beyond (see Figure 3). Anticipated
shortfalls of about 1,700 MW are forecast for 2025 and 2026. As reported in the 2021 LTRA, the main
drivers for Ontario’s projected shortfall are planned retirements and lengthy outages for nuclear units
undergoing refurbishment. In September 2022, Ontario’s Ministry of Energy announced that it was
supporting a plan by Ontario Power Generation to extend operation of Pickering Nuclear Generating
Station beyond its planned retirement in 2025 through September 2026. If approval is received from
the Canadian Nuclear Safety Commission, this extension would reduce the potential capacity shortfall
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in 2026 described in the 2021 LTRA. The ARM in Figure 3 is calculated with an assumed retirement of
Pickering units in late 2026.

Iy
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Figure 3: NPCC-Ontario Five-year Projected Reserves (ARM and PRM)

In order to address these emerging resource adequacy needs, the Independent Electricity System
Operator’s (IESO) established a Resource Adequacy Framework in 2021 to provide a flexible and cost-
effective approach for competitively securing resources.'? The Resource Adequacy Framework sets
out a multi-pronged approach to cumulatively address needs over varying time frames with the annual
acquisition report specifying the mechanisms and targets that will be used to meet the needs. In
addition to supporting the Pickering Nuclear Generating Station extension, Ontario's Ministry of
Energy also directed the IESO to obtain 4,000 MW of new capacity through three separate
procurements. The IESO also announced new energy efficiency programs targeting needs in 2025—
2027.

12 https://www.ieso.ca/en/Sector-Participants/Planning-and-Forecasting/Resource-Adequacy-Framework

Energy Risks in U.S. Western Interconnection

Throughout the U.S. assessment areas in WECC, both demand and resource variability are increasing,
and the challenges they present are accelerating. CA/MX, SRSG, and WPP show hours at risk of load
loss over the next five years despite having adequate capacity for the peak demand hour.

Energy Risks in WECC-CA/MX

Resource additions in WECC-CA/MX are alleviating capacity risks, but energy risks persist. In the 2021
LTRA, a capacity shortfall was projected beginning in 2026. Now the ARM in 2026 has risen to over
22% and is above the RML throughout the 2023-2027 period (see Figure 4). This indicates that the
anticipated resources are sufficient to meet peak demand of a normal summer. However, the area
remains dependent on electricity imports to manage periods of extreme electricity demand or low
resource output. Heat events spanning a wide area that reduce the availability of electricity imports
into California are likely to continue to raise concerns and be an area of risk that could induce energy
shortfalls in the near term.
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Figure 4: WECC-CA/MX Five-Year Projected Reserves (ARM and PRM)
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Added capacity in California has resulted in improved ProbA metrics and reduced energy risks;
however, calculated load loss hours and unserved energy risks remain high. Since the 2020 ProbA,
LOLH for 2024 has decreased from 56 hours per year to less than 1 hour per year, but projections for
2026 increase to nearly 10 hours per year. Figure 5 shows a summary of CA/MX monthly energy
shortfall risks for 2024 from the ProbA. Risk periods are spread across the months of July—September,
coinciding with some of the warmest temperatures and potentially volatile electricity demand. Output
from solar begins to fall off earlier in the day during the late summer months as well, and hydro output
is lower from seasonal water flow patterns.

‘Jan Feb Mar|Apr May Jun|Jul Aug Sep|Oct Nov Dec

-Low Risk of Load Loss and Unserved Energy
Periods of Load Loss and Unserved Energy
- Load Loss > 2 Hrs or Unserved Energy > 0.002% Total

Figure 5: 2024 Monthly Energy Risk Summary for WECC-CA/MX

Examining the projected resource performance for the full 24 hours of the day that the peak risk hour
occurs demonstrates the drivers of the energy risk in California. The bars in Figure 6 show the variation
in capacity resource output over the day. Each curve represents a demand forecast that ranges from
a normal year forecast (e.g., Demand 50 indicates levels are equally likely to be above or below the
actual demand on that day) to an extreme year forecast with higher demand levels that are unlikely
to be exceeded by actual demand (e.g., Demand 05 indicates that statistically only 5 in 100 years are
likely to have a day in which actual demand exceeds this forecast). As solar decreases as sunset
approaches, the total of all available resources can fall short of the demand, especially for the higher
demand levels represented in the load forecast. Imports are limited and cannot satisfy the increased
demand levels in the CA/MX area, resulting in significant EUE.

Figure 6: Hourly Demand and Resources for 2024 Summer Peak in WECC-CA/MX

Energy Risks in WECC-SRSG and WECC-WPP

Assessment areas in the U.S. Southwest and Northwest are also projecting summer periods of energy
shortfall risks in the next five years. Risk months for WECC-SRSG and WECC-WPP are summarized in
Figure 7 and Figure 8. These areas have an increasingly variable generation resource mix and peak
summer demand profile. Like CA/MX, late summer periods in the Southwest have the greatest risk of
energy shortfalls due to the hot temperatures and potential for volatile electricity demand along with
drop-off in solar that begins to occur earlier each day. In the Northwest, risk is spread across all
summer months; this is driven primarily by declining on-peak capacity as coal-fired generators retire
and less generation capacity is in the interconnection queue to replace it. ProbA results indicate that
the risk of energy shortfall is increasing from 2024 to 2026 study years in both assessment areas.
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Jan Feb Mar| Apr May Jun|Jul Aug Sep|Oct Nov Dec

-Low Risk of Load Loss and Unserved Energy
Periods of Load Loss and Unserved Energy
- Load Loss > 2 Hrs or Unserved Energy > 0.002% Total

Figure 7: 2026 Monthly Energy Risk Summary for WECC-SRSG

Jan Feb Mar|Apr May Jun|Jul Aug Sep|Oct Nov Dec

- Low Risk of Load Loss and Unserved Energy
Periods of Load Loss and Unserved Energy
- Load Loss > 2 Hrs or Unserved Energy > 0.002% Total

Figure 8: 2026 Monthly Energy Risk Summary for WECC-WPP

ERCOT Energy Risks

Generation resources, primarily solar and wind, continue to be added to the grid in Texas in large
guantities, increasing on-peak planning reserve margins but also elevating concerns of energy risks
that result from the variability of these resources and the potential for delays in implementation.

The summer on-peak ARM is projected to stay above the RML of 13.75% through 2027 (see Figure 9).
The ARM increases significantly for the summers of 2023 and 2024 due to the expected addition of
over 22,000 MW of summer Tier 1 capacity, most of which is solar.
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Figure 9: Texas RE-ERCOT Five-Year Projected Reserves (ARM and PRM)

The growing penetration of solar in ERCOT is increasing the risk of tight operating reserves during
hours after the daily peak load hour when planning reserve margins are measured. Like California, this
issue is most acute for the summer season when solar generation ramps down during the early
evening hours while load is still relatively high. Studies by ERCOT show that the highest risk of energy
emergencies occurs during summer months from early afternoon through early evening hours,
peaking during the 7:00-8:00 p.m. hour. See Texas RE-ERCOT in the assessment area pages. ERCOT'’s
summer LOLH and EUE are relatively small; however, these results are contingent upon completion
of nearly 20 GW of Tier 1 solar resources by 2024.

Finding: Parts of North America are exposed to energy shortfall risks in the near-term assessment
period from wide-area and long duration extreme weather events like the 2020-2021 U.S.
Western area heat wave and the South Central Winter Storm Uri in 2021.
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Extreme Winter Weather Risks in Texas

Though typical winters in Texas are mild and pose little risk of energy shortfalls, extreme winter
weather similar to Winter Storm Uri in February 2021 are likely to challenge grid operators to maintain
reliability in the near-term. ERCOT’s winter peak load varies substantially (as much as 12.5%) between
the coldest temperatures of an average year and a more extreme year as might be experienced once
per decade. This is in contrast to the relative stability of ERCOT’s summer peak demand, which does
not vary by more than a few percentage points between an average year and an extremely hot year.
With such demand variability, long-range weather and demand forecasting becomes more important
to ensuring sufficient resources are available and ready to operate.

In winter, demand in Texas peaks during cold early morning hours before ERCOT’s vast solar resources
are producing electrical output. Demand must be met primarily with the fleet of thermal and wind
generators. In Texas and other parts of the South that do not experience harsh winters each year, high
forced outages of the thermal and wind generation fleet has been a common issue when extreme
weather events have led to energy emergencies, causing generator component freezing, fuel supply
disruption to natural gas and coal-fired plants, and wind generator protection cut-outs.'* ERCOT’s
analysis for the 2022 ProbA included forced outage risk modeling for extreme winter conditions, and
most risk of load loss occurs in winter, not summer, months. A summary of monthly energy risk is in

Figure 10.
Jan Feb Mar| Apr May Jun|Jul Aug Sep|Oct Nov Dec

- Low Risk of Load Loss and Unserved Energy
Periods of Load Loss and Unserved Energy
- Load Loss > 2 Hrs or Unserved Energy > 0.002% Total

Figure 10: 2024 and 2026 Monthly Energy Risk Summary for ERCOT

These winter energy risks in the ProbA results are significantly influenced generator outage modeling
like the effects from Winter Storm Uri. Since February 2021, Texas regulators, ERCOT, and Generator
Owners have implemented winter preparedness programs and other reforms aimed at improving
generator performance in extreme winter weather. The ProbA results do not consider these changes
and are likely to be pessimistic for similar extreme weather as a result.

Energy Risks in NPCC-New England

Studies performed by NPCC and ISO New England have identified energy risks for the area. Although
there is sufficient capacity to meet the resource adequacy criterion, a previously identified and
persistent concern is whether there will be sufficient fuel available to satisfy electrical energy and
operating reserve demands during an extended cold spell or a series of cold spells given the existing
resource mix and regional fuel delivery infrastructure. See the NPCC New England assessment area
pages.

Energy Risks in SPP

While the SPP PRM shows a significant amount of capacity, ARMs do not account for planned, forced,
or maintenance generator outages. Instead, they reflect the full availability of accredited capacity.
Additionally, anticipated resources do not reflect derates based on real-time operational impacts.
Capacity and energy shortfalls can occur in SPP when high demand coincides with low wind or above-
normal generator outages. See the SPP assessment area pages.

Recommendation for Reducing Resource Capacity and Energy Risk

The impact of wide-area and long-duration extreme weather events, such as the February 2021 South
Central U.S. cold weather event and the August 2020 Western U.S. wide-area heat event, have
underscored the need to consider extreme scenarios in resource planning. Energy risks emerge when
weather-dependent generation is impacted by abnormal atmospheric conditions or when extreme
conditions disrupt fuel supplies. Industry and regulators should conduct all-hours analyses for
evaluating and establishing resource adequacy and include extreme condition criteria in integrated
resource planning and wholesale market designs. In areas with high dependence on VERs and natural-
gas-fired generation, PRMs are not sufficient for measuring resource adequacy.

The ERO and industry should prioritize the development of Reliability Standard requirements to
address energy risks in operations and planning. NERC's Reliability Standards Project 2022-03 should
be closely monitored, and stakeholder experts should contribute to developing effective
requirements for entities to assess energy risks and implement corrective actions in all time horizons.
State and provincial regulators and ISO/ RTO) should have mechanisms they can employ to prevent
retirement of generators that they determine are needed for reliability, including the management of
energy shortfall risks. Regulatory and policy-setting organizations should use their full suite of tools
to manage the pace of retirements and ensure replacement infrastructure can be timely developed
and placed in service. If needed, the Department of Energy should use its 202(c) authority as called
upon by electric system operators.

13 See the findings and recommendations of the Joint FERC/NERC/Regional Entity inquiry into the February 2021 cold weather event: https://www.ferc.gov/media/february-2021-cold-weather-outages-texas-and-south-central-united-states-ferc-nerc-and
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Resource Mix Changes

Finding: The vast amounts of wind, solar, and now hybrid generation resources in interconnection
processes will enable continued transition in the generation resource mix as traditional resources
retire. VERs (resources with output dependent upon weather and hourly conditions) will increase
and the fleet of thermal resources will shrink and have less fuel diversity.

The addition of VERs (primarily wind and solar) and the retirement of conventional generation are
fundamentally changing how the BPS is planned and operated. Planning and operating the grid must
increasingly account for different characteristics and performance in electricity resources.
Maintaining reliability will require the pace of change to be carefully managed by industry and
regulators and steps to be taken to ensure that essential reliability services (ERS) continue to be
provided as generators retire.

Generation Resource Mix in 2022

Figure 11 shows the fuel mix composition of all generation resources connected to the North
American BPS in 2022. The installed resource mix (left) is based on the design ratings of the
generators. On-peak resource capacity (right), in contrast, reflects the expected capacity that the
resource type will provide at the hour of peak demand. Because the electrical output of wind and
solar VERs depends on weather and light conditions, on-peak capacity contributions are less than
nameplate installed capacity. The wind on-peak capacity contribution ranges from a low of 10% of
installed capacity in Saskatchewan to 26.2% in ERCOT. Solar on-peak contributions are 0% in most
areas during winter when the peak occurs in low light. In summer, some areas, such as ERCOT and
parts of the U.S. West, can expect solar contribution to reach over 80% of installed capacity at peak
demand hour. High expected capacity contributions from VERs help increase Planning Reserve
Margins but also increase the exposure of the system to energy risks from weather or environmental
conditions that impact VER output. Supplementary tables on NERC’s Reliability Assessments web page
provide on-peak capacity contributions of existing wind and solar resources in each assessment area.*

14 https://www.nerc.com/pa/RAPA/ra/Pages/default.aspx

Installed On-Peak
m Coal Petroleum Natural Gas and Other Gases
Biomass m Solar Wind
m Geothermal m Conventional Hydro m Run of River Hydro
®m Pumped Storage m Nuclear m Hybrid
Other Battery Unknown

Figure 11: 2022 BPS Generation Capacity by Fuel Type

Total on-peak capacity by generation type is summarized in Table 1 below. The capacity of several
traditional baseload generation fuel-types is in decline. Since the 2021 LTRA, coal-fired generation has
fallen by 17 GW and nuclear generation has fallen by 2 GW.

Table 1: 2022 Capacity at Peak Demand

. Change since
Type Capacity (GW) 2021 (GW)
Natural Gas 477 +14
Coal 202 -18
Nuclear 106 -2
Solar and Wind 70 +19
All others 189 +2
Contributions at hour of peak demand. VER (solar, wind, and
some hydro) typically count less than installed nameplate
capacity.
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Capacity Additions 140.000
New generation is added to the BPS through area interconnection planning processes. Wind, solar, 120.000
and natural-gas-fired generation are the overwhelmingly predominant generation types in the 100'000
planning horizon for addition to the BPS. A summary of generation resources in the interconnection 801000
planning queues is shown in Figure 12. See supplemental tables for greater detail by fuel type. § 601000
In general, Tier 1 resources are in final stages for connection while Tier 2 resources are further from 40,000
completion and some may, in fact, not be completed. Supply chain issues, planning and siting 20,000
challenges, and business or economic factors can cause projects to be delayed or withdrawn. 0
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Figure 12: Tier 1 and 2 Planned Resources Projected Through 2032 10,000
Solar and wind capacity, both existing and planned, vary widely by area. Figure 13 and Figure 14 show 0
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Figure 14: Wind Capacity Planned and Existing
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Solar Distributed Energy Resource Growth

Behind the meter (BTM) solar PV generators are solar resources connected directly to the distribution
system, such as residential rooftop solar systems. Rapid growth of BTM solar PV continues with
cumulative levels expected to reach over 80 GW by the end of this 10-year assessment period (an
increase of 25% since publication of the 2021 LTRA). BTM solar PV generators, like grid-connected
solar, are also VERs. In large penetrations, their predictable change in output from the time of day
contributes to steep ramps in demand. As the sun sets and output diminishes, grid resources must
make up for the decrease in solar generation and increase in demand that was being served. The
opposite ramp occurs during morning hours and may be less impactful to reliability but can be
challenging for grid-connected generator scheduling and dispatch. Supplemental tables show the
current and projected BTM solar PV by area.

Generation Retirements

The total capacity of traditional baseload generation fuel-types will continue to decline as older
generators retire. The resource mix changes as these retirements are coinciding with the addition of
new generation of different types with different capacity characteristics. Figure 15 shows how the
current resource mix (on-peak capacity) compares to the projection of the future on-peak capacity in
2032 if confirmed retirements occur and all projected Tier 1 resources are added. Across the entire
BPS, the on-peak capacity contribution of solar and wind will grow modestly from the current 7% to
12%. The change in specific Interconnections varies. ERCOT and the Western Interconnection are
projected to have more significant increases in the share of on-peak generation that is coming from
VERs while the Eastern Interconnection and Québec Interconnection would change little in the 10-
year period.

2022 2032
m Coal Petroleum Natural Gas and Other Gases
Biomass m Solar Wind
m Geothermal m Conventional Hydro m Run of River Hydro
m Pumped Storage m Nuclear m Hybrid
Other Battery Unknown

Figure 15: 2022—-2032 BPS On-Peak Capacity by Fuel Type with Tier 1 Resources

Generators become confirmed for retirement according to various processes in place in the
Interconnections, such as regional planning tariffs in the wholesale electricity market areas or
integrated resource planning process in vertically-integrated states. Properly designed mechanisms
can prevent generators from retiring before planners can study and address reliability issues that
could occur.

Additional retirements beyond what is reported as confirmed in this 2022 LTRA are expected. Often
Generator Owners announce plans to retire generator units before initiating the interconnection
planning process, and the announced plans or timing may be subject to change before the retirement
is confirmed. Figure 16 shows the total capacity of confirmed and announced as well as unconfirmed
retirements of fossil-fueled and nuclear generators across the BPS over the next five years.™

15 Confirmed generator retirements are reported to NERC by each assessment area in the LTRA development process. NERC obtained data on announced, unconfirmed generator retirements from Energy Ventures Analysis, Inc. and from each assessment
area. Some sources of information on announced generator retirements include EIA 860 data, trade press, and utility integrated resource plans.
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Figure 16: Projected Generation Retirement Capacity Through 2027

Throughout this 2022 LTRA, all confirmed generation retirements have been removed from each
assessment area’s anticipated and prospective resources while unconfirmed, announced generator
retirements have been removed from prospective resources only. In some risk areas identified in the
Resource Capacity and Energy Risk Assessment section of this 2022 LTRA, the announced,
unconfirmed generator retirements are likely to exacerbate currently-projected energy shortfalls.
Figure 17 shows a comparison of the 2027 (Year 5) ARMs for the assessment areas at risk of shortfall
as well as the potential 2027 reserve margins for a scenario with both confirmed and announced
generator retirements. In MISO, where 10.2 GW of generation is expected to retire by 2027, another
5.4 GW of generation capacity is at risk of retirement based on retirement plan announcements. Loss
of this additional capacity could lower the reserve margins from 6.5% in the current year to below 2%
for the 2027 capacity assessment. The Maritimes provinces in Canada could also face a capacity
shortfall if 550 MW of unconfirmed retirements were to exit the system without replacement
resources.

In SPP, Texas RE-ERCOT, CA/MX, WPP, and SRSG, where energy limitations are contributing to
projected load-loss risk in the Resource Capacity and Energy Risk Assessment section of this LTRA,
additional thermal generator retirements could also be detrimental to reliability. Loss of these
traditional baseload resources would lead to a more variable generation resource mix unless they are
replaced by resources that are dispatchable, flexible, and able to counter variations in generation and

demand. Consequently, the risk of insufficient energy and loss-of-load during periods of high demand
and low resource output will rise.
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Figure 17: Year 2027 Reserve Margins Including a Scenario with
Announced/Unconfirmed Retirements

These scenarios illustrate the potential impacts that significant generation retirements can have on
resource adequacy, and they underscore the important role of ISO/RTO and integrated system
planning processes that are necessary to maintain reliability.

Reliability Implications

The addition of variable resources, primarily wind and solar, and the retirement of conventional
generation are fundamentally changing how the BPS is planned and operated. Planning and operating
the grid must increasingly account for different characteristics and performance in electricity
resources. Important reliability implications include the following:

e Flexible Resources: In order to maintain load-and-supply balance in real-time with higher
penetrations of variable supply and less-predictable demand, some operators are seeing the
need to have more system ramping capability. As more solar and wind generation is added,
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additional flexible resources are needed to offset these resources’ variability, such as
supporting solar down ramps when the sun goes down and complementing wind pattern
changes. This can be accomplished by adding more flexible resources within committed
portfolios or by removing system constraints to flexibility.® Maintaining ERSs is critically
important, and resources must be made available in the long-range resource portfolio as part
of the planning process; market and other mechanisms need to be in place to deliver
resources with ERS-capabilities to the operators.

Fuel-related Risks to Electricity Generation (Fuel Assurance): Natural gas for electricity
generation is an essential fuel that bridges the rapid development of VERs. As natural-gas-
fired generation continues to increase, vulnerabilities associated with natural gas delivery to
generators can potentially result in generator outages. As part of future transmission and
resource planning studies, planning entities will need to more fully understand how impacts
to the natural gas transportation system can impact electricity reliability. The NERC reliability
guideline, Fuel Assurance and Fuel-Related Reliability Risk Analysis for the Bulk Power System,
provides planning guidance.'” Disruptions to the fuel delivery can result from adverse events
that may occur, such as line breaks, well freeze-offs, and/or storage facility outages. The
pipeline system can be impacted by events that occur on the electric system (e.g., loss of
electric motor-driven compressors) that are compounded when multiple plants are
connected through the same pipeline or storage facility. Furthermore, additional pipeline
infrastructure is needed to reliably serve electric load.

Inverter-based Resources: IBRs, including most solar and wind as well as new battery or
hybrid generation, respond to disturbances and dynamic conditions based on programmed
logic and inverter controls. The tripping of BPS-connected solar PV generating units and other
control system behavior during grid faults has caused sudden loss of generation resources
(over wide areas in some cases). Industry experience with unexpected tripping of BPS-
connected solar PV generation units can be traced back to the 2016 Blue Cut fire in California,
and similar events have occurred as recently as the summer of 2022.8 A common thread with
these events is the lack of IBR ride-through capability causing a minor system disturbance to
become a major disturbance. To address systemic issues with IBRs, NERC continues to urge
industry’s adoption of the recommended practices set forth in NERC guidelines even as NERC

begins the process of developing mandatory Reliability Standards based on those guidelines.
High priority items include incorporating electromagnetic transient modeling into the NERC
Reliability Standards and developing a comprehensive ride-through requirement that focuses
specifically on generator protections and controls.

BES Protective Relay Systems: The changing resource mix presents unique risks and
challenges to the vast network of protective relay systems that are critical to the safe and
reliable operation of the Bulk Electric System (BES). Protection systems are meticulously
planned and maintained to rapidly respond to dynamic grid conditions in a coordinated
manner that isolates faults from spreading throughout the system and minimizes risks to grid
equipment and personnel. With more IBRs and fewer synchronous generators on the grid,
there is growing concern in the industry that protection systems will no longer function
properly during system faults without redesign. Unlike synchronous generators, which
produce high currents with unbalanced characteristics during faults that enable existing
protections systems to function properly due to their physical properties, IBRs produce low
amounts of fault currents based on control functions. Changing fault current magnitudes and
characteristics in parts of the system with high penetrations of IBRs has the potential to
invalidate current protection system designs, potentially leading to more protection system
misoperation. Protection engineers need to have better tools to analyze periods of low
synchronous generation and ensure protection systems will still function properly.

Tools and Models for Assessing Capacity and Energy Risks: Planners and operators are
updating processes, tools, and techniques to keep pace with the changing resource mix. The
explosive growth of battery and hybrid resources seen in most areas requires additional
details to be incorporated into operating and planning models, such as state of charge, battery
duration, and battery operating mode. Additionally, resource planners and wholesale market
designers in most areas with growing wind and solar resources are considering or developing
new processes for assigning the contribution of resources to meeting demand. Some are
investigating the use of effective load-carrying capacity (ELCC) methods that involve
probabilistic study to assign the capacity contribution of resources. These ELCC methods
should address the risks and shortcomings in present modeling described in this report.
Specifically, the statistical representation of capacity that has variable and uncertain fuel can

16 https://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/ERS Measure 6 Forward Tech Brief 03292018 Final.pdf
17 https://www.nerc.com/comm/PC Reliability Guidelines DL/Fuel Assurance and Fuel-Related Reliability Risk Analysis for the Bulk Power System.pdf
18 See May/June 2021 Odessa Disturbance Report, June-August 2021 CAISO Solar PV Disturbance Report, and other relevant IBR event reports here: https://www.nerc.com/pa/rrm/ea/Pages/Major-Event-Reports.aspx
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be problematic when combined in a reserve margin evaluation with capacity that has firm
fuel and highly reliable. Finally, planners are finding it necessary to have improved tools and
methods to study wide-area, long duration extreme weather risks and other low-likelihood,
extreme events. Scenario planning is needed to ensure that the industry is ready to take
actions needed to preserve the reliable operation of the BPS for many potential system
conditions. Traditional models and approaches rooted in a loss-of-load expectation of 1 day-
in-10-years do not account for the essential role that electricity plays in modern society, and
normal demand distributions appear to be ill-suited for describing the extremes of a changing
weather patterns.

Essential Reliability Services: Conventional units, such as coal and nuclear power plants,
provide frequency support services as a function of their large spinning mass and governor
control settings, along with voltage regulation. Power system operators use these services to
plan and operate reliably under a variety of system conditions, generally without the concern
of having too few of these services available. The reliability of the BPS depends on the
operating characteristics of the replacement resources. Merely having available generation
capacity does not equate to having the necessary reliability services or ramping capability to
balance generation and load. It is essential for the BPS to have resources not only with the
capability to respond to frequency and voltage changes, but to actively provide those
services.?

Recommendations for Reducing Risks as the Resource Mix Changes
In addition to the recommendations found elsewhere in the report, the following will reduce risks
that can occur during the resource mix transition:

Resource planners and policymakers must give careful attention to the pace of change in the
resource mix and update capacity and energy risk studies, including all-hours probabilistic
analysis, with accurate resource projections.

The ERO and Industry should take steps to ensure IBRs operate reliably and the system is
planned with due consideration for their unique attributes. NERC has developed an IBR
strategy document for addressing inverter-based resource performance issues that illustrates

current and future work to mitigate emerging risks in this area.? Regulators, industry
standards-setting organizations, trade forums, and manufacturers also have a role to play
addressing IBR performance issues.

Industry should increase its focus on technical needs for reliably operating with increased
amounts of DER. Growth promises both opportunity and risks for reliability. Increased DER
penetrations can improve local resilience at the cost of reduced operator visibility into loads
and resource availability. Data sharing, models, and information protocols are needed to
support BPS planners and operators. DER aggregators will also play an increasingly important
role to BPS reliability in the coming years. Increasing DER participation in wholesale markets
should be considered in connection with potential impacts to BPS reliability, contingency
selection, and how any reliability gaps might be mitigated.

Industry, regulators, and energy stakeholders must urgently act to solve reliability challenges
arising from interdependent natural gas and electricity infrastructure. For industry, this
entails enhancing guidelines for assessing and reducing risks and developing appropriate
Reliability Standards requirements to ensure corrective actions are put in place. Regulators
and other energy stakeholders must also take steps. The forum convened by the North
American Energy Standards Board is an example of one such important action.?

19 Essential reliability services are measured periodically using evaluations developed by the Essential Reliability Service Task Force: https://www.nerc.com/pa/RAPA/ra/Reliability%20Assessments%20DL/ERSTF%20Framework%20Report%20-%20Final.pdf
Forward-looking frequency response evaluations are conducted every three years and included in the Long-Term Reliability Assessment. Historical evaluations are reported in the State of Reliability report:
https://www.nerc.com/pa/RAPA/PA/Performance%20Analysis%20DL/NERC SOR 2022.pdf

20 https://www.nerc.com/comm/Documents/NERC IBR Strategy.pdf

21 https://www.nerc.com/news/Pages/-FERC,-NERC-Encourage-NAESB-to-Convene-Gas-Electric-Forum-to-Address-Reliability-Challenges.aspx
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Demand Trends and Implications

Demand and Energy Projections

Electricity peak demand and energy growth rates in North America are both increasing. The 10-year
summer and winter peak demand growth projections show the largest percentage increase in recent
years. Electrification and projections for growth in EV over the 10-year horizon are a component of
the demand and energy estimates provided by each assessment area. Growth rate increases in winter
peak demand are being influenced by electrification of space-heating systems. Summer peak demand
growth rates are lower compared to winter; growth in DERs and some EE contributing to lower
summer demand growth. See the Figure 18 for seasonal peak demand growth over the current and
prior assessment periods and Figure 19 for net energy growth. Area demand growth rates are
provided in the supplemental tables, and more information is available in the Regional Assessments

pages.
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Figure 18: The 10-Year Summer and Winter Peak Demand Growth and Rate
Trends
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Figure 19: The 10-Year Net Energy to Load Growth and Rate Projection Trends

Demand-Side Management

Conservation, EE, and DR programs contribute to an assessment area’s ability to manage load. DR
describes a number of load-reducing programs that are available to system operators under specific
conditions. NERC collects forecasts of the amount in MW that is expected to respond when called
upon to reduce peak load for each assessment area. Figure 20 shows the total system DR forecasted
to be available for the first and fifth year’s summer and winter peaks (Year 1 and Year 5) from each of
the past five LTRAs.
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Demand Trends and Implications
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Figure 20: Demand Response Available in Year 1 and Year 5 of 2018-2022 LTRA

Reliability Implications

Demand projections are influenced by a variety of factors, including the economy, energy policies,
technology development, and consumer preferences. Projections are increasing in complexity with
more uncertainty in the impacts of the changing resource and demand characteristics, especially with
their variability. DR, EE, BTM generation, energy storage, electrification and consumer behavior all
impact the demand and energy projections. To ensure reliability, grid and resource planners must
manage short- and long-term load forecasts to account for this complexity and uncertainty.

Dual-peaking or changing from summer to winter peaking is anticipated in several areas, including the
U.S. Southeast and Northeast. Such changes have wide-ranging implications to how the grid and
resources are planned and operated.
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Transmission Development Trends and Implications

Transmission Development Trends and Implications

Trends

There is relatively little change in cumulative miles of BPS transmission under construction or in
planning for the next 10-year horizon; however, projects for renewable integration are increasing.
The current cumulative level of 15,495 miles of transmission (>100 kV) in construction or stages of
development for the next 10-years (Figure 21) is running near averages of the past five years.
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Figure 21: Future Transmission Circuit Miles =100 kV by Project Status

New transmission projects are being driven to support new generation and enhance reliability. Figure
22 shows the percentage of future transmission circuit miles by primary driver. Most project miles are
initiated to support grid reliability. Projects under construction or in planning to integrate renewables
have grown from 1,589 miles reported in the 2021 LTRA to 2,376 miles currently.

Figure 22: Future Transmission Circuit Miles by Primary Driver

Reliability Implications

Decarbonization goals must be developed with due consideration for transmission needs. Meeting
the siting and grid development needs for new generation involves transmission development.
Monitoring and managing transmission planning processes is a necessary part of maintaining
reliability as the resource mix evolves.
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Emerging Issues

Emerqging Issues

In developing this LTRA, NERC and the industry considered trends and developments that have the
potential to impact the future reliability of the BPS in the next 10-years and beyond. Discussed below
are emerging issues and trends not previously covered in this report that have the potential to impact
future long-term projections or resource availability and operations.

Electrification and Electric Vehicle Growth

Government policies for the adoption of EVs and other energy transition programs have the potential
to significantly influence future demand and energy needs. For example, estimates from the California
Energy Commission staff of the added electrical load from plug-in EV charging by 2030, under the
state’s zero-emission vehicle targets, indicate an additional 5,500 MW of demand at midnight and
4,600 MW of demand at 10:00 a.m. on a typical weekday. This is an increase of 25 and 20%,
respectively at those times.?? State and local policies for transitioning appliances and heating systems
can also affect projections of electricity demand and daily load shapes, and these policies also have
many ramifications for infrastructures other than the BPS. Industry demand forecasters have differing
methods for projecting how EV adoption will impact future demand and many have not directly
applied government policy targets to demand forecasts.

Cryptocurrency Impacts on Load and Resources

Due to unique characteristics of the operations associated with cryptocurrency mining, potential
growth can have a significant effect on demand and resource projections. Computer operations for
cryptocurrency mining are energy intensive, and mining operators can interrupt or scale operations
in response to energy costs. ERCOT and their stakeholders and Texas regulators are working on
resolving various policy, market, operational, and planning issues associated with interconnecting
these large flexible loads and potentially using them as reliability resources.

Supply Chain and Other Factors Affecting Projections

Projections of future resources and transmission in this LTRA are based on industry data from the
interconnection queues, representing only some of the myriad factors that will ultimately determine
when and what gets completed. For resources to materialize and connect to the grid, substantial
supply chain, planning, and commissioning processes must be completed. Timing is only an estimate,
and some projects can be expected to be withdrawn from the interconnection process by developers.

Having ample generating capacity in the interconnection queues to replace the nearly 60 GW of
confirmed generation retirements projected over the 10-year assessment period (already a low
indicator of future retirements) does not provide assurance that new capacity will be connected and
available to meet future resource needs.

6 GHz Frequency Band Interference

The ability of grid owners and operators to monitor and control BPS equipment and respond to grid
events may impact future changes in the allocation of the frequency spectrum, constituting an
emerging risk to BPS reliability. Growth in demand for wireless connectivity and the need to improve
rural internet connectivity prompted the U.S. Federal Communications Commission (FCC) to issue a
ruling in 2020 and propose further access changes that impact frequencies that was once restricted
to licensed users, including many electric grid owners and operators.

Recent changes to U.S. communications regulations and pending future rules are increasing the risk
that electric grid owners and operators will experience harmful interference on communications
channels that are important for the reliable operation of the BPS. In April 2020, the FCCissued a report
and order that partially opened spectrum in the 6 GHz band for unlicensed use.?® Prior to this ruling,
the 6 GHz band was restricted to use by an array of industries responsible for critical infrastructure,
such as electric, natural gas and water utilities, railroads, and wireless carriers as well as by public
safety and law enforcement officials. Electric utilities in the United States use communications
systems operating in this frequency band as primary or alternate means for monitoring and controlling
BPS equipment (via SCADA systems) and for voice communications with operators and field
personnel. Subsequently, the FCC gave notice of further proposed rulemaking to fully open the 6 GHz
band to unlicensed users with the removal of current restrictions on mobile device outdoor usage.
Many electric grid owners and operators that use the 6 GHz band are anticipating impacts to their
communications networks and are developing mitigation plans. Following an initial review and an
industry survey conducted by a task force established by the NERC RSTC, NERC has identified that
many grid operators continue to use the 6 GHz band for their critical communications and many have
not identified remediation plans to mitigate potential interference impacts.?* Because of the expected
growth of users in the 6GHz band and potential for increased interference, NERC is taking action to
determine the level of impact that the regulation changes have on BPS reliability and develop
mitigation to reduce the risks.

22 see, for example, California Energy Commission Revised Staff Report Assembly Bill 2127 Electric Vehicle Charging Infrastructure Assessment: https://efiling.energy.ca.gov/getdocument.aspx?tn=238032

23 https://www.fcc.gov/document/fcc-opens-6-ghz-band-wi-fi-and-other-unlicensed-uses-0

24 https://www.nerc.com/comm/RSTC/6GHTZF/6GHZ%20Communication%20Network%20Extent%200f%20Condition%20White%20Paper.pdf
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Regional Assessments

Reqional Assessments
The following regional assessments were developed based on data and narrative information collected by NERC from the Regional Entities on an assessment area basis. In addition, NERC published additional

2022 LTRA assessment area data in supplemental tables on the Reliability Assessments web page.?® The Reliability Assessment Subcommittee, at the direction of NERC’s RSTC, supported the development of this
assessment through a comprehensive and transparent peer review process that leveraged the knowledge and experience of system planners, Reliability Assessment Subcommittee members, NERC staff, and

other subject matter experts. This peer review process promotes the accuracy and completeness of all data and information.

%5 See the NERC Reliability Assessments page here: https://www.nerc.com/pa/RAPA/ra/Pages/default.aspx
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MISO

The Midcontinent Independent System
Operator, Inc. (MISO) is a not-for-
profit, member-based organization
that administers wholesale electricity
markets that provide customers with
valued service; reliable, cost-effective
systems and operations; dependable
and transparent prices; open access to
markets; and planning for long-term
efficiency.

MISO manages energy, reliability, and
operating reserve markets that consist
of 36 local Balancing Authority and 394
market participants, serving
approximately 42 million customers.
Although parts of MISO fall in three
Regional Entities, MRO is responsible
for coordinating data and information
submitted for NERC’s reliability
assessments.

Demand, ResO < anad eserve arg
Quantity 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
Total Internal Demand 124,950 | 126,091 | 126,212 | 126,298 | 126,631 | 126,965 | 127,240 | 127,652 | 128,320 | 128,317
Demand Response 6,158 6,189 6,116 6,130 6,131 6,051 6,052 6,054 6,050 6,017
Net Internal Demand 118,792 | 119,902 | 120,096 | 120,168 | 120,500 | 120,914 | 121,188 | 121,599 | 122,269 | 122,300
Additions: Tier 1 6,605 8,253 8,311 8,311 8,311 8,311 8,311 8,311 8,311 8,311
Additions: Tier 2 2,322 30,796 35,517 76,576 78,071 78,096 78,096 78,096 78,096 78,096
Additions: Tier 3 2,193 3,504 5,501 6,055 8,581 9,331 10,538 11,621 12,226 12,409
Net Firm Capacity Transfers 1,593 1,598 767 767 663 593 598 493 493 155
Existing-Certain and Net Firm Transfers 131,538 | 127,506 124,353 122,572 119,986 119,034 | 115,593 112,865 111,440 111,204
Anticipated Reserve Margin (%) 16.3% 13.2% 10.5% 8.9% 6.5% 5.3% 2.2% -0.3% -2.1% -2.3%
Prospective Reserve Margin (%) 18.2% 38.9% 40.0% 72.6% 71.3% 69.9% 66.7% 63.9% 61.8% 61.6%
Reference Margin Level (%) 17.4% 17.0% 16.5% 16.8% 17.0% 16.5% 16.3% 16.1% 15.9% 16.9%
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MISO
Highlights
e MISO is facing resource shortfalls across this entire assessment period. Since the 2021 LTRA, 5,900 MW of generation has retired (mostly coal-fired generators) and 1,700 MW of new generation has been
added (approximately 700 MW natural-gas-fired, 400 MW Solar, 100 MW wind, and 300 MW pumped storage. In the summer of 2023, MISO’s capacity shortfall is projected to be 1,395 MW even after

adding over 6.5 GW of new generation with signed interconnection agreements. More additions from the planning queue are not likely to be completed in sufficient quantity to make up for the capacity
shortfall.

e MISO’s Reliability Imperative Initiative is designed to lead the shared responsibility that utilities, states, and MISO have in addressing the ongoing generation fleet changes and the challenges of more
frequent extreme weather events.

O e OMmpo O
Fuel 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
Coal 44,102 40,951 39,159 38,066 36,351 33,846 30,415 28,133 28,133 28,133
Petroleum 2,800 2,800 2,707 2,707 2,697 2,697 2,697 2,524 2,451 2,451
Natural Gas 62,087 62,514 61,096 59,606 57,647 57,647 57,644 57,521 56,310 56,310
Biomass 375 375 375 375 304 273 273 240 240 240
Solar 4,753 5,852 5,829 5,828 5,828 5,827 5,827 5,826 5,826 5,826
Wind 4,645 4,689 4,741 4,739 4,730 4,682 4,670 4,660 4,654 4,654
Conventional Hydro 1,416 1,416 1,416 1,416 1,416 1,416 1,416 1,416 1,280 1,280
Pumped Storage 2,617 2,617 2,617 2,617 2,617 2,617 2,617 2,617 2,617 2,617
Nuclear 11,711 11,711 11,711 11,711 11,711 11,711 11,711 11,711 11,711 11,711
Other 1,280 1,280 1,257 1,224 1,224 1,224 1,224 1,224 1,224 1,224
Battery 20 20 20 20 20 20 20 20 20 20
Total MW 135,805 134,224 130,927 128,308 124,544 121,959 118,513 115,891 114,465 114,465
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MISO Assessment

Planning Reserve Margins

MISO is projecting a decrease from last year’s reserve margins with planned reserves falling below
reference margin levels beginning in 2023. The reserve decline is driven mainly by lower capacity
contribution from weather dependent new generation additions that are replacing retiring units with
higher contributions. Increasing demand projections also contribute to lower reserve margins.
Increased coordination and continued action with MISO members will be critical to ensuring resource
adequacy into the future. In most of the MISO area, LSEs with oversight by the applicable state or
local regulators are responsible for resource adequacy.

Non-Peak Hour Risk, Energy Assurance, Probabilistic Based Assessments

Seasonal resource assessments evaluate unit availability, outage rates, and forecasted load varies
across all four seasons. MISO has also initiated a change to a seasonal capacity construct that
promotes energy adequacy by evaluating how each resource and resource type helps to serve load at
periods of peak risk in each season.

Probabilistic Assessment

In the Base Case results, most of the LOLHs occur in June—August, corresponding to the typical MISO
peak time frame. There are some instances of LOLHs occurring in September—October when seasonal
planned outages overlap with high demand. The winter also experiences a small amount LOLH when
cold temperatures push demand higher than normal.

Non-peak risk drivers tend to be unique to the season. In the fall, the risk of unseasonably high
demand overlapping with seasonal planned outages increases the loss of load risk. Extreme cold
weather, particularly in MISO South, increases demand and causes the risk of loss of load to increase

The ProbA analyzes all hours of the year; whereas, the LTRA is only looking at 10-year summer/winter
peak forecasts. As a result, the ProbA provides more insight into intra-yearly system risks that may
occur during non-peak periods, and the LTRA highlights longer-term resource adequacy planning
concerns.

Base Case Summary of Results \

2024* 2024 2026
EUE (MWh) 14.3 193.6 68.8
EUE (ppm) 0.02 0.304 0.108
LOLH (Hours per Year) 0.085 0.808 0.393
Operable On-peak Margin 13.7% 8.1% 13.9%

* Provides the 2020 ProbA results for comparison

For the 2022 ProbA Risk Scenario, MISO is investigating how the risk changes as a result of modeling
seasonal average, rather than annual average, outage rates along with correlated cold weather
outages.

Demand

The peak demand forecast increased from last year by approximately 1.1 GW, largely due to a rebound
from COVID-related decline. The five-year regional demand growth remained stable at a relatively flat
0.2%. It is unclear how electrification of transportation and other sectors will drive future growth, but
anticipated electrification is considered in the MISO Transmission Expansion Plan (MTEP) process.

Demand Side Management

DR programs continue to play an important role in providing capacity. While DR projections are shown
to be decreasing over this assessment period, this trend may change following the 2022 resource
auction, OMS-Survey, and in the transition to seasonal capacity auctions.

Distributed Energy Resources

MISO estimates that there is a total of 860 MW of installed solar PV distribution resource capacity.
While DERs are anticipated to play a larger role into the future, MISO is still working with stakeholders
on adequate methods for aggregating, reporting, and allowing DER participation in MISO markets.

Generation
Since the 2021 LTRA, MISO has retired 5,000 MW of generation and added 1,700 MW of new
generation for a net change of 3,300 MW (on-peak capacity).

The MISO generator interconnection queue continues to show steadily increasing levels of VERs,
including battery storage and hybrid resources, in the future generation fleet mix. Currently 300 MW
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MISO
of grid-connected batteries are installed with another 15 GW in the interconnection planning queue
and 16 GW of hybrid battery-renewable generation in queue. This transition of the generation fleet,
along with the observed impacts from extreme weather events, such as Hurricane Laura in 2020 and
Winter Storm Uri in February 2021, continue to stress the importance of the MISO Resource Adequacy
construct. Appropriate planning and operating signals must be sent to prompt investment (or system
enhancements) when needed to ensure that the BPS continues to perform reliably.

Capacity Transfers

Net firm transfers with neighboring areas declined from the prior LTRA and continue to decline as
reported in this year’s LTRA; for the summer of 2023, firm transfer commitments have fallen by nearly
25%. Non-firm transfers have played a critical role in maintaining reliability during extreme weather
events. A growing reliance on non-firm imports increases the risk of energy emergencies when
external transfer assistance is not available.

Transmission

Approved transmission projects increased since the 2021 LTRA. In the latest MTEP (MTEP21), 33% of
projects are classified as “reliability” projects that are needed to maintain system reliability in
accordance with NERC Reliability Standards. Another 47% are for replacing aging equipment, and the
remaining 20% are for the integration of new resources and to accommodate load growth. In addition,
MISO’s Long Range Transmission Plan introduced a $10.3 billion transmission project portfolio in the
upper-Midwest that was appended to MTEP21 transmission projects in summer of 2022. These lines
are expected to support 53 GW of renewable energy and provide $23-52 billion in benefits to MISO
utilities.

Reliability Issues

MISQO’s planning, markets and operations continue to evolve in response to the changing resource
fleet and the increased frequency of extreme weather events. Managing the increasing uncertainty is
a key component of the market redefinition effort and includes transitioning to a seasonal resource
adequacy construct, reforming accreditation, and enhancing scarcity pricing to better align system
needs and capabilities during tight operating conditions. The seasonal resource adequacy construct
has been filed at FERC and will be effective in September 2022 ahead of the 2023/2024 Planning
Resource Auction. MISO is awaiting FERC approval of the updated tariff provisions.
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