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Introduction to the 1 

Ninth Northwest Power Plan 2 

The Northwest Power Act of 1980 established the Northwest Power and Conservation Council 3 
(Council) at a time of crisis in energy planning. Errors in demand forecasting led to an overinvestment 4 
in unnecessary power plants, a costly mistake that the Pacific Northwest is still paying for today. The 5 
Council’s Ninth Northwest Power Plan comes at another critical time in our power system history, 6 
with energy policy once again dominating the regional conversation. Demand for electricity is 7 
expected to grow significantly due to a variety of factors including increased tech load from data 8 
centers and chip fabrication and new loads from electrification. Concerns about affordability and 9 
reliability have gained prominence in media coverage and policy discussions, and consumers are 10 
paying close attention. 11 

The Council was created in part to avoid making the same costly mistakes of the past when planning 12 
for the future. The Power Act instructs the Council to provide direction to the Bonneville Power 13 
Administration (Bonneville) and the broader region on how to meet future energy needs in a way that 14 
assures the region of an adequate, efficient, economical, and reliable power supply, while also 15 
protecting, mitigating, and enhancing the fish and wildlife of the Columbia River and its tributaries. The 16 
Council must produce a power plan at least every five years that guides the acquisition of new 17 
resources to meet forecasted energy demand. 18 

This Ninth Northwest Power Plan rises to meet the moment, providing a clear path forward while 19 
recognizing the significant uncertainty ahead. Load growth is one of the greatest areas of uncertainty 20 
both regionally and nationally. While predicting future energy demand has always been challenging, 21 
changes in electricity use are significantly increasing that uncertainty. Data centers, and other high-22 
tech industries, are one of the main drivers of this uncertainty in load forecasting. Electrification of 23 
transportation, building, and industries, is another. Developing a forecast is critical to ensure that the 24 
region develops sufficient resources to meet the need without overbuilding. For the Ninth Plan, the 25 
Council significantly enhanced its modeling capabilities for forecasting demand. This allowed the 26 
Council to account for this uncertainty by developing a suite of forecasted load trajectories, 27 
representing a range of possible conditions for total load growth, the pace of that growth, and the 28 
shape of future demand. The updated modeling approach also allows the Council to reflect the 29 
diversity of the region, recognizing that not all parts of the region are experiencing the same amount or 30 
type of load growth.  31 

Extreme weather events are another significant challenge and source of uncertainty considered in the 32 
Ninth Plan. These events have become more frequent across the West in recent years and include 33 
periods of very low or very high temperatures, as well as the added risk of wildfire across the region. 34 
Since the 2021 Power Plan, the Council’s analysis has leveraged climate model data to capture a 35 
range of potential future weather conditions, including changes in temperature and precipitation 36 
patterns. As temperature and precipitation change from year to year, so too does the amount of and 37 
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timing of hydropower and wind resources that rely on natural fuel sources. The Council improved this 1 
analysis for the Ninth Plan, expanding the use of climate model data to inform availability of resources 2 
such as wind and solar. Temperature also impacts the demand for electricity, changing the amount of 3 
heating or cooling needed for homes and businesses. By accounting for a range of potential future 4 
weather conditions, including extreme temperatures, the Council can make recommendations that 5 
consider these uncertainties and risks.  6 

The regional resource strategy of the Ninth Power Plan is intended to build on the region’s existing 7 
power system, the foundation of which is the Federal Columbia River Basin hydropower system. This 8 
system provides roughly half of the electricity generated today for the Pacific Northwest; the other 9 
half is generated from a roughly equal mix of thermal resources (primarily natural gas) and renewable 10 
resources (primarily wind). Energy conservation is also a significant resource – the region’s long-term 11 
investment in conservation makes it the second largest resource in terms of energy. Conservation has 12 
saved the region more than 8,000 average megawatts. 13 

Accounting for the existing power system capabilities, and for the forecasted growth in loads, the 14 
Council determined that the region has a significant need for new resources. New resources are 15 
needed to provide flexibility and address peaking challenges throughout the year, as well as provide 16 
energy, particularly during the winter months. To provide a robust approach to addressing these 17 
needs, the Ninth Plan scenario modeling included a range of sensitivities that explored uncertainty 18 
around new resource availability and costs. This included a range of potential transmission buildouts, 19 
as transmission is critical for delivering electricity to where it is needed. The Council’s scenario 20 
modeling also included four sensitivities that tested changes to future resource needs to 21 
accommodate different hydropower system operations to benefit fish. The Council scoped these 22 
sensitivities to understand different levels of risk and uncertainty from which the Council could 23 
develop its resource strategy. 24 

The regional resource strategy, outlined in Chapter 4 of this Plan, provides a portfolio approach to 25 
meeting future needs, with a focus on 2027 through 2032. This strategy includes a mix of demand and 26 
supply side resources, including 1,060 average megawatts of conservation, 590 megawatts of 27 
demand response, 220 megawatts of voltage regulation, 9,000 megawatts of renewables, 5,200 28 
megawatts of storage, and 2,100 megawatts of natural gas. Through its enhanced modeling suite, the 29 
Council was able to glean insights on the locational value of different resources, which provides 30 
valuable insights into this strategy. It is this suite of resources together, in the recommended 31 
amounts, that collectively provide for a cost-effective and adequate approach. The demand side 32 
resources provide benefits to the system by reducing loads, particularly in key times. This, in turn, 33 
defers the need to acquire more expensive generating resources, as well as the need to expand the 34 
capacity of both the transmission and distribution system. The recommended supply side resources 35 
provide further value to the system, ensuring that remaining load growth is met in a cost-effective 36 
way. The renewables and storage provide energy and reserves to the system, while meeting state and 37 
utility clean targets. Natural gas provides seasonal reserves, which are an important hedge in years 38 
with reduced hydropower due to low water conditions. These resources can be effectively integrated 39 
into the existing system. Collectively, they provide for adequacy, meet clean requirements set by 40 
states and goals set by others, and allow for Bonneville and others to implement the Council’s 2026 41 
Columbia Basin Fish and Wildlife Program. 42 
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In addition to guiding regional resource acquisition, the resource strategy provides recommendations 1 
to Bonneville. Core to this is the recommendation for Bonneville to acquire its share of the cost-2 
effective conservation resource. Bonneville’s energy conservation program has been a cornerstone of 3 
conservation in the region over the years, and the Ninth Plan looks to Bonneville to continue to play an 4 
important role. This conservation will extend the value of the existing hydropower system and defer 5 
the need for acquiring other resources. Should the need arise for Bonneville to acquire resources 6 
beyond conservation to meet its obligations, the Ninth Plan provides recommendations that 7 
Bonneville pursue renewables to support energy needs and assess the cost-effectiveness between 8 
storage and natural gas in meeting capacity needs. These recommendations are designed to support 9 
Bonneville ensuring sufficient power delivery under its new Provider of Choice contracts, as well as 10 
enabling Bonneville to meet its obligations of implementing the Council’s 2026 Columbia Basin Fish 11 
and Wildlife Program. 12 

The Ninth Power Plan calls for the region to acquire new generating resources at a level that has not 13 
occurred in recent years. Achieving this resource strategy will require collaboration. States, utilities, 14 
transmission providers, and developers will need to find ways to streamline the processes required to 15 
develop new resources, including developing new transmission and siting. The region will also need to 16 
further develop ways to maximize the capacity of the existing system. Working with new partners, 17 
including data centers and others in the high-tech industry, will be critical to integrating new loads 18 
without creating burdens for the power system and other ratepayers. 19 

This is a very dynamic time for the power system. The Council will continue to monitor changes on the 20 
ground, as well as progress towards implementing the Ninth Plan regional resource strategy, through 21 
annual studies assessing changes to load growth, market depth, and adequacy. The Council will also 22 
track the acquisition of resources on both the supply and demand sides. These annual studies will 23 
provide important information to help inform the mid-term assessment of the Ninth Power Plan, so 24 
that the Council can refine its direction to the region and Bonneville as needed.  25 
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Chapter 1:  1 

Northwest Power Act Requirements 2 

Context for the Power Act 3 

In the wake of a regional power system planning failure and facing mounting concerns over declining 4 
salmon and steelhead runs in the Columbia Basin, Congress passed the Pacific Northwest Electric 5 
Power Planning and Conservation Act (Northwest Power Act) in 1980. The Northwest Power Act 6 
provides a path for regional planning around fish and wildlife and power needs, focusing on ensuring 7 
both are met and the region maintains an adequate, efficient, economical, and reliable power supply. 8 

The origin of the Power Act begins decades earlier, at the outset of a boom in electricity consumption 9 
that occurred in the Pacific Northwest and across the U.S. Beginning in the late 1930s and continuing 10 
until the mid-1970s, national and regional electricity use experienced sustained, unprecedented 11 
levels of growth. Energy systems scaled rapidly to keep pace. In the Northwest, this trend was 12 
particularly evident in the growth of electricity demand post-World War II, and in the extensive 13 
development of hydropower in the region, including in the Columbia Basin. Between 1960 and 1970, 14 
regional electricity consumption approximately doubled. 15 

By the late 1960s and early 1970s, however, the energy potential of the Columbia River hydropower 16 
system had been mostly developed, yet regional demand forecasts continued to predict large-scale 17 
growth extending well into the future. Forecasters warned of looming power supply shortages. 18 
Recognizing that the power from new plants would be more expensive than that from the existing 19 
hydropower system, an allocation dispute developed over who would have access to the low-cost 20 
federal hydropower. This debate was in the background of the development of the Power Act. 21 

Based on these demand forecasts, the region embarked on ambitious plans to develop a large fleet of 22 
nuclear and coal power plants in the coming decades called the Hydro-Thermal Power Program. As 23 
will be discussed more in Chapter 2, this program included the planned development of five nuclear 24 
power plants to be built in Washington state by the Washington Public Power Supply System, as well 25 
as other coal and nuclear projects to be developed by other utilities. However, by the late 1970s, it 26 
was clear that the earlier demand forecasts were inaccurate. Construction of the nuclear plants also 27 
encountered a host of problems, including significant cost overruns. Ultimately, only one of the five 28 
Washington Public Power Supply System projects ever reached operation, resulting in one of the 29 
largest bond defaults in the country’s history. Meanwhile, new studies showed that conservation of 30 
electricity could be a cost-effective alternative to building new power plants. This situation drove an 31 
interest in broader public engagement in resource planning decisions.  32 

Another motivating factor was the increasing recognition that salmon and steelhead runs in the 33 
Columbia Basin were declining, most notably in the Snake River. While not the only factor, the 34 
hydropower projects were considered a significant cause for these declines. State fish and wildlife 35 
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agencies, the region’s Tribes, and environmental and fishing groups in the Pacific Northwest 1 
expressed concerns about not being sufficiently involved in the decisions up to that point and wanted 2 
pathways to address the impact of the hydropower system on salmon and steelhead. 3 

What resulted was the Northwest Power Act, a unique piece of legislation created to respond to these 4 
multiple challenges. The Act authorized the states of Washington, Oregon, Idaho, and Montana to 5 
form an interstate compact agency, the Northwest Power and Conservation Council (Council), to 6 
address these challenges by protecting and mitigating for the impacts of hydropower on fish and 7 
wildlife, while also assuring the region an affordable and reliable electricity supply. The Council 8 
develops these plans based on robust and transparent public engagement from across the four-state 9 
region. 10 

Purposes of the Power Act 11 

The main intentions of the Northwest Power Act can be traced back to the events that led up to the 12 
Act’s passage. There was regional interest in an open, public, and transparent process that would 13 
ensure a reliable and economic power supply, while also mitigating impacts from the hydropower 14 
system on the region’s salmon runs. To address these connected challenges, the Northwest Power 15 
Act outlines the following purposes:1  16 

• To encourage conservation and efficiency in the use of electric power and the development of 17 
renewable resources within the Pacific Northwest, 18 

• To assure the Pacific Northwest of an adequate, efficient, economical, and reliable power 19 
supply, 20 

• To protect, mitigate, and enhance the fish and wildlife of the Columbia River and its tributaries, 21 
including related spawning grounds and habitat. 22 

• To provide for the participation and consultation of the states, local governments, consumers, 23 
customers, users of the Columbia River system, federal and state fish and wildlife agencies, 24 
Indian tribes, and the public at large in the development of regional plans and programs for 25 
energy conservation and new generating resources; protecting, mitigating and enhancing fish 26 
and wildlife resources; facilitating the orderly planning of the region’s power system; and 27 
providing environmental quality. 28 

 

 
1 Northwest Power Act, Sections 2(1), 2(2), 2(3), and 2(6). 
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Power Plan Provisions in the Power Act 1 

Timing of the Ninth Power Plan 2 

The Council is required to adopt and transmit to the Bonneville Power Administration (Bonneville) a 3 
power plan and to review the plan at least every five years.2 The Council adopted its last power plan, 4 
the 2021 Power Plan, in February of 2022. Since then, the region has experienced several changes. 5 
First, the Council’s 2021 Power Plan Mid-Term Assessment highlighted the risk of near-term, fast-6 
paced load growth driven by data center development and noted that the 2021 Power Plan’s resource 7 
strategy would not be sufficient if that load materialized.3 This high-tech load is anticipated to be in 8 
addition to the already forecasted electrification loads in the region. Second, over the past several 9 
years, Bonneville has been working with its customers and the region on developing a new set of 10 
contracts set to start October 1, 2028. With these new contracts comes the potential that Bonneville 11 
may need to acquire resources beyond conservation. With Bonneville resource decisions being 12 
guided by the Council’s power plans, an updated plan would prove timely. Additionally, there have 13 
been changes in how the region is organized in terms of markets and adequacy programs, creating 14 
opportunities for resource and reserve sharing that will shift power system planning and operation in 15 
the Northwest. These changes, as well as other factors discussed more in Chapter 2, led the Council 16 
to initiate the review of the 2021 Power Plan in February of 2025. 17 

The timing of the Council’s power plan development is also directly connected to the Council’s fish 18 
and wildlife responsibilities under the Northwest Power Act. The Act requires that, prior to reviewing 19 
the power plan, the Council must first initiate the fish and wildlife program amendment process with a 20 
call for recommendations to amend the Program.4 The Council’s final amended fish and wildlife 21 
program then becomes a required element included within the power plan,5 requiring that the program 22 
be completed and adopted before finalizing the power plan. The two processes and responsibilities 23 
are further connected in substantive ways, described at the end of this chapter. The Council initiated 24 
its amendment of the 2014/2020 Columbia River Basin Fish and Wildlife Program in January 2025, 25 
just prior to the Council starting review of the power plan. After the adoption of the Council’s 2026 26 
Fish and Wildlife Program in June 2026, the Council incorporated the revised Fish and Wildlife 27 
Program into this draft power plan as required.6 28 

 

 
2 Ibid., Section 4(d)(1). 
3 2021 Power Plan Mid-Term Assessment is available at https://www.nwcouncil.org/2021-northwest-power-plan/mid-
term-assessment.  
4 Northwest Power Act, Section 4(h)(2).  
5 Ibid., Section 4(e)(3)(F). 
6 2026 Columbia Basin Fish and Wildlife Program is available at https://www.nwcouncil.org/reports/2026program/. 

https://www.nwcouncil.org/2021-northwest-power-plan/mid-term-assessment/
https://www.nwcouncil.org/2021-northwest-power-plan/mid-term-assessment/
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Power Plan Elements 1 

The power planning provisions in the Northwest Power Act are primarily focused on key elements 2 
required in the power plan, many of which can be traced back to the context that led to the Act.7 This 3 
section outlines these main elements, providing a foundation for the work to come in the following 4 
chapters of this Plan. 5 

The Council must put forth a “regional conservation and electric power plan.” The power plan must 6 
prioritize “cost-effective” resources, with priority first to conservation, then renewable resources, 7 
then generating resources utilizing waste heat or with high fuel conversion efficiency, and finally all 8 
other resources. 8,9 The emphasis on cost-effectiveness stems from the origin and purpose of the Act, 9 
when there were concerns about the investment in higher cost thermal resources over lower cost 10 
alternatives. Under the Northwest Power Act, cost-effective is defined as a comparison between two 11 
resources, ensuring that the cost-effective resource is available and reliable at a cost lower than that 12 
of a similarly available and reliable resource.10,11 13 

Prior to adoption of the Act, several studies demonstrated that conservation benefits could be 14 
achieved at a lower cost than other resources. The environmental movement at the time influenced 15 
this resource prioritization, as well as other elements of the Power Act. This was a novel approach, 16 
particularly the treatment of conservation as a resource to be considered alongside generating 17 
resources in power planning, and it has resulted in a legacy of conservation investment in the Pacific 18 
Northwest. 19 

The Council’s power plan is to set forth a “general scheme for implementing conservation measures 20 
and developing resources” to reduce or meet Bonneville’s obligations.12,13 In defining these resources, 21 
the Council is to give “due consideration” to (1) environmental quality, (2) compatibility with the 22 
existing power system, (3) protection, mitigation, and enhancement of fish and wildlife and related 23 

 

 
7 Sections 4(e) and 4(f) of the Power Act walk through these required priorities, considerations, and elements of the 
Council’s power planning.  
8 Conservation is defined under the Power Act in Section 3(3) as “any reduction in electric power consumption as a result 
of increases in the efficiency of energy use, production, or distribution.” Energy efficiency is often used to describe 
conservation as defined under the Act.  
9 Northwest, Section 4(e)(1). 
10 Ibid, Section 3(4).  
11 The definition goes on further to define all aspects included in resource costs, focusing on total lifetime costs of related 
power system costs of a resource and quantifiable environmental costs and benefits that are directly attributable to that 
resource. More discussion of the cost comparisons of resources is available in Chapter 3 under the discussion of new 
resource potential, and in Technical Appendix A – Global Assumptions and Technical Appendix C – Methodology for 
Quantifiable Environmental Costs and Benefits. 
12 Northwest Power Act, Section 4(e)(2). 
13 As discussed more below, Bonneville’s obligations as laid out in Section 6 of the Power Act include implementing a 
conservation program consistent with the Council’s plan and then, after taking into account those planned savings from 
conservation, acquiring resources to meet contract loads and the implementation of the Council’s Fish and Wildlife 
Program. 
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spawning grounds and habitat, and (4) other criteria that the Council might set forth in the power plan. 1 
These considerations are rarely able to be quantified, but the Council must weigh them seriously as it 2 
develops a resource strategy guiding future resource investment.  3 

The power plan must include several specific elements, including:14 4 

• Conservation program to be implemented, which is described in Chapter 5. 5 

• Recommendations for research and development, which are included in the Action Plan 6 
(Chapter 4) and as elements of the conservation program in Chapter 5. 7 

• Methodology for determining quantifiable environmental costs and benefits, which connects 8 
to the definition of system cost and is described in more detail in Chapter 3 and Technical 9 
Appendix C. 10 

• Demand forecast of at least 20 years, included in Chapter 3, and a forecast of resources 11 
required to meet Bonneville’s obligations, included in the Action Plan (Chapter 4).15  12 

• Analysis of reserve and reliability requirements, including a cost-effective method for providing 13 
reserves, which is discussed in the Action Plan (Chapter 4). 14 

• Council’s fish and wildlife program, which for the Ninth Power Plan is the 2026 Columbia 15 
Basin Fish and Wildlife Program. 16 

• Model conservation standards and the related surcharge methodology, which are discussed 17 
more in the conservation program in Chapter 5 and detailed in Technical Appendix P.  18 

Public Engagement in the Power Plan Development 19 

One of the key purposes of the Northwest Power Act is to promote broad engagement in the Council’s 20 
power planning activities by providing for the participation and consultation of many different entities. 21 
This includes widespread public involvement in developing regional power policies, consulting with 22 
Bonneville’s customers and others in the development of the plan and in the ongoing implementation 23 
of the plan, and engaging with federal agencies, states, tribes, and local governments.16 Throughout 24 
the process, the Council and Bonneville must “recognize and not abridge the authorities” of the 25 
states, local governments, utilities, and others responsible for the planning and operation of the 26 
power system. Collectively, these provisions in the Northwest Power Act call on the Council to 27 
engage the public and key regional stakeholders throughout the power plan process. 28 

 

 
14 Northwest Power Act, Sections 4(e)(3) and 4(f). 
15 The forecast of resources are to include reserves and reliability requirements, must take into account the Council’s fish 
and wildlife program, and should include approximate amounts and of what types of power to be acquired by Bonneville 
on a long-term basis.  
16 Northwest Power Act, Section 4(g). 
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There are many ways the Council fulfilled these public engagement responsibilities during the 1 
development of the Ninth Power Plan. The first is through the Council’s regular public meetings, 2 
during which the Council discussed substantive issues around analytical methods, data and 3 
assumptions, results, and ultimately the development of the findings and recommendations in the 4 
power plan. For the Ninth Power Plan, the Council began the public process in March 2024, with the 5 
release of an Issue Paper on Preparation for the Ninth Plan.17 Public comment on this paper and 6 
additional input provided via consultations helped to shape early scoping of the Ninth Power Plan.  7 

Throughout the development of the Ninth Plan, the Council used its advisory committees to engage 8 
experts and key regional partners.18 These advisory committees cover a range of topics, from 9 
understanding the existing system, to developing forecasts of load and new resource potential, and 10 
discussing the analytical approaches used to develop the power plan. Like the Council meetings, 11 
these advisory committees meet in public, and the materials are available on the Council’s website. 12 
The Council uses its website to provide data and analysis throughout the development of the power 13 
plan.19 14 

Another form of broad public engagement is the release of a draft power plan for public comment. 15 
While the Northwest Power Act does not explicitly require it, the Act does call on the Council to hold 16 
public hearings in each state prior to adopting the final power plan.20 In practice, this results in the 17 
Council releasing a draft for public comment. During this time, the Council will hold multiple public 18 
hearings, schedule consultations with key regional entities, and accept written and oral comments on 19 
the draft power plan. The Council will consider all comments received during this period in the 20 
development of a final Power Plan to be released later this year. After completion of the plan, the 21 
Council will also develop a response to comments, explaining how it considered comments in the 22 
development of a final plan, including any changes between draft and final.  23 

Role of the Power Plan in the Region 24 

Relationship to the Bonneville Power Administration 25 

The Council’s power plan has the most direct connection to Bonneville and its decisions around 26 
acquiring new resources to meet its obligations. At the time of the Northwest Power Act’s passage, 27 
Congress envisioned that Bonneville would be the major engine for new resource development in the 28 
Northwest, and therefore that the purposes of the Act would be achieved through Bonneville and the 29 

 

 
17 The full issue paper is available at https://www.nwcouncil.org/reports/2024-1.  
18 Section 4(c)(11) of the Power Act requires the Council to establish a “scientific and statistical advisory committee” to 
assist with the development of the plan, and Section 4(c)(12) allows the Council to develop additional advisory 
committees as appropriate. In practice, the Council used eight advisory committees covering a range of specific expertise 
to support the development of the Ninth Plan. More information is available at https://www.nwcouncil.org/energy/energy-
advisory-committees.  
19 More information is available at https://www.nwcouncil.org/energy/ninthpowerplan.  
20 Northwest Power Act, Section 4(d)(1). 

https://www.nwcouncil.org/reports/2024-1/
https://www.nwcouncil.org/energy/energy-advisory-committees/
https://www.nwcouncil.org/energy/energy-advisory-committees/
https://www.nwcouncil.org/energy/ninthpowerplan/
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use of the federal system. The Act sets up Bonneville to offer power sales contracts to utilities and 1 
others in the region, without limitation to the available power of the federal base system.21 Then, the 2 
Act authorizes and obligates Bonneville to acquire conservation and generating resources to meet or 3 
reduce its obligations, which include contractual obligations for power and obligations to meet the 4 
requirements for fish and wildlife protection and mitigation.22 As Bonneville acquires resources, it 5 
must do so in a manner consistent with the Council’s current power plan, as determined by 6 
Bonneville, and with several exceptions that still tie Bonneville to the power plan standards.23  7 

The Act includes several provisions for the Council in developing the power plan that point directly to 8 
Bonneville. For example, the power plan must put forward a scheme of resources to “reduce or meet 9 
[Bonneville’s] obligations,” must include an energy conservation program to be implemented by 10 
Bonneville, and must include a forecast of resources, reliability, and reserves requirements to meet 11 
Bonneville’s obligation.24 12 

Taken together, these provisions in the Northwest Power Act closely tie the Council and Bonneville. 13 
The Council must plan for resources to meet Bonneville’s obligations and, in meeting its obligations, 14 
Bonneville must acquire resources, including conservation, consistent with the Council’s plan. While 15 
the original vision of Bonneville as the major engine of new generating resource development in the 16 
region has not come to fruition, Bonneville and its customer utilities have played a key role in the 17 
acquisition of conservation over the years. Under its new contracts, Bonneville may be in a position 18 
where generating resources are needed to meet its obligations.25 The Ninth Power Plan includes 19 
actions specifically targeted to Bonneville in the Action Plan (Chapter 4) and conservation program 20 
(Chapter 5).  21 

Relationship to Others 22 

The Council is required to develop a power plan for the region. While the only direct obligation on 23 
resource acquisition under the Northwest Power Act is to Bonneville, this regional power plan is 24 
influential in resource decisions of others throughout the region. Because Bonneville is the primary 25 
provider and marketer of electric power in the region, the Council’s power plan necessarily affects 26 
those entities that purchase power from Bonneville. Chapters 4 and 5 of the Ninth Power Plan include 27 
recommendations for the broader region, identifying actions of others outside of Bonneville necessary 28 
for supporting the purposes of the Act. While there is no legal obligation under the Northwest Power 29 
Act for entities other than Bonneville to act consistent with the Council’s plan, state energy agencies, 30 

 

 
21 Ibid., Section 5. 
22 Ibid., Section 6(a)(2). 
23 Ibid., Section 4(d)(2) and Sections 6(a) through 6(c). 
24 Ibid, Sections 4(e)(2), 4(e)(3)(A), and 4(e)(3)(D), respectively.  
25 Sections 6(a) through 6(c) discuss implementation of conservation and resource acquisition. Section 6(c) specifically 
pertains to the acquisition of a “major resource”, which is defined in the Power Act as being any resource that is greater 
than 50 average megawatts and is acquired for more than a five-year period. Any major resource acquired by Bonneville 
must go through a process (described in Section 6(c)) to determine consistency with the Council’s current power plan. 
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regulatory agencies, investor-owned utilities, public utilities that hold their own generation, and others 1 
look to the Council’s plan for guidance. Additionally, the State of Washington passed its own 2 
legislation, the Energy Independence Act, that requires utilities in that state to plan for conservation 3 
consistent with the Council’s methodologies.26, 27 Broadly, entities throughout the region recognize the 4 
Council as the only entity tasked with taking a region-wide, independent, long-term perspective to 5 
power planning. The power plan remains the venue for examining the potential implications of policy 6 
decisions on the regional system, and how to plan and manage in the face of uncertainty. 7 

Relationship to the Council’s Fish and Wildlife 8 

Program 9 

As noted above, the Council’s Columbia River Basin Fish and Wildlife Program is a required element 10 
of the power plan. Prior to reviewing the power plan, the Council must first initiate a fish and wildlife 11 
program amendment process by calling for recommendations for program amendments. Section 4(h) 12 
of the Power Act defines the Council’s role in developing or amending the fish and wildlife program, a 13 
process that is highly circumscribed under the Act.  14 

The first step of the fish and wildlife program amendment process is to request recommendations 15 
from the region’s state and federal fish and wildlife agencies and Tribes for “measures … to protect, 16 
mitigate, and enhance fish and wildlife, including related spawning grounds and habitat, affected by 17 
the development and operation of any hydroelectric project on the Columbia River and its tributaries” 18 
and “objectives for the development and operation of such projects on the Columbia River and its 19 
tributaries in a manner designed to protect, mitigate, and enhance fish and wildlife.”28 These 20 
recommendations form the raw material from which the Council builds the Program. The final 21 
Program must include measures to benefit salmon and steelhead and other fish and wildlife affected 22 
by the hydropower system. This includes a combination of changes in hydropower operations to 23 
improve flows, passage, and reservoir levels to benefit fish affected by the system, as well as offsite 24 
habitat and production mitigation measures.  25 

The Fish and Wildlife Program operations inherently reduce the generating capacity of the hydro 26 
system. The program decision around any operation must continue to ensure that the region has an 27 
adequate, efficient, economical, and reliable power supply.29 This standard is one of the factors in the 28 
Act connecting the Fish and Wildlife Program process to the power plan process. It is in the power 29 
plan that the Council has the responsibility to plan for resources that will allow Bonneville to meet or 30 
reduce its obligations. This includes resources to meet its contractual operations, as well as any 31 

 

 
26 Energy Independence Act, Chapter 19.285 RCW. https://app.leg.wa.gov/rcw/default.aspx?cite=19.285. 
27 Details on the Council’s methodology are in Technical Appendix H – Conservation Methodology and Potential. 
28 Northwest Power Act, Section 4(h)(2)(A) and 4(h)(2)(B). 
29 Ibid., Section 4(h)(5). 

https://app.leg.wa.gov/rcw/default.aspx?cite=19.285
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resources that are required to keep the system adequate while implementing the operations required 1 
for fish and wildlife.30  2 

In January 2025, the Council initiated its Fish and Wildlife Program amendment process with a call for 3 
recommendations. As part of the Ninth Plan, the Council conducted scenario modeling exploring 4 
different hydro operations. The Changing Hydro Operations scenario included sensitivities that tested 5 
some of the operations recommended by some of the states and tribes.31 The New Resource and 6 
Transmission Risk scenario included operations as defined in the Draft 2026 Columbia River Basin 7 
Fish and Wildlife Program, released for public comment in December 2025. Collectively, the Council 8 
used this analysis to inform both the 2026 Columbia River Basin Fish and Wildlife Program 9 
development and the Ninth Plan. Appendix H to the 2026 Fish and Wildlife Program describes the 10 
Council’s preliminary conclusions, leading into the power plan, about the implementation of the 11 
program and the adequacy, efficiency, economical character, and reliability of the region. Chapter 2 of 12 
this power plan then includes more discussion of the integration of the 2026 Columbia River Basin 13 
Fish and Wildlife Program into the Ninth Plan. Chapter 4 includes recommendations for resource 14 
development that ensure the region maintains an adequate, efficient, economical, and reliable power 15 
supply, while also meeting the requirements for fish and wildlife as outlined in the Council’s 2026 16 
Columbia River Basin Fish and Wildlife Program.  17 

 

 
30 Section 4(e)(3)(F) requires the inclusion of the fish and wildlife program into the plan. The Council’s responsibilities 
under Section 4(d)(2) and 4(e)(2) connect to Bonneville’s obligations in Section 6. In Section 4(h)(10)(A), the Act lays out 
Bonneville’s obligation to use its funds and authorities to “protect, mitigate, and enhance fish and wildlife to the extent 
affected by the development and operation of any hydroelectric project of the Columbia River and its tributaries in a 
manner consistent with the … the program adopted by the Council.” 
31 Specifically, the Council tested a sensitivity that explored limiting the daily flexibility of the hydropower system and a 
separate sensitivity looking at the specific spill and elevation operations recommended by some of the states and tribes. 
More information on these, and other sensitivities, is included in Chapter 3 and Technical Appendix N – Scenario Modeling 
and Results. 
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Chapter 2:  1 

Existing Northwest Power System 2 

The Northwest Power Act directs the Council to develop a regional plan to add new conservation and 3 
generating resources to the Pacific Northwest electric power system. The “region,” as defined by the 4 
Act, is the geographic area of the Columbia River Basin, plus areas outside the basin where the 5 
Bonneville Power Administration (Bonneville) sells firm power. This includes the states of Oregon, 6 
Idaho, Washington, Western Montana (the portion west of the Continental Divide), and portions of 7 
California, Nevada, Utah, and Wyoming served by rural electric cooperative customers of Bonneville. 8 
Figure 2 - 1 shows the Columbia River Basin (outlined in orange) and the region as defined by the Act 9 
(shaded in blue). 10 

Figure 2 - 1: Region as Defined by the Northwest Power Act 11 

 12 

To develop the regional power plan, it is important to first understand the system as it is today. This 13 
chapter delves into that background, providing context of the existing resource base and how it has 14 
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evolved over time, a description of key issues impacting the power system, and a discussion of the 1 
Council’s 2026 Columbia River Basin Fish and Wildlife Program, which provides a basis for operations 2 
and actions to be implemented and informs the existing system capabilities. 3 

Existing Resource Base 4 

Historical Load Growth 5 

Prior to the passage of the Northwest Power Act, total regional electricity demand had been growing 6 
significantly. In 1970, regional demand was around 11,000 average megawatts. In that decade, the 7 
region added nearly 4,700 average megawatts of demand. Demand forecasters continued to assume 8 
the rapid demand growth would continue. This resulted in investments in the planning and 9 
construction of coal and nuclear power plants. As discussed in Chapter 1, the forecasted load 10 
projections never materialized. As a result, the region overinvested in resource development, which 11 
was one of the main drivers for the passage of the Act. 12 

In the 1980s, the pace of demand growth slowed significantly, dropping to roughly 1.5% per year over 13 
the decade. This resulted in approximately 2,300 additional average megawatts of demand by the end 14 
of that period. In the 1990s, growth slowed further, to a rate of around 1.1% per year over the decade, 15 
with around 2,000 average megawatts added to the regional demand. Things changed in the early 16 
2000s. As a result of the West Coast energy crisis of 2000-2001 and the recession of 2001-2002, 17 
regional demand decreased by 3,700 average megawatts in this period, a decline of around 0.5%. A 18 
significant cause of this decline was the closure of many industrial plants, including the direct service 19 
industries, such as the aluminum smelters, served by Bonneville. After this period, regional energy 20 
demand grew by less than 1% per year, ultimately ending the decade lower than it started. 21 

Figure 2 - 2 shows the region’s annual energy demand over the last decade and a half. In the 2010s, 22 
annual electricity demand continued to stay relatively flat, with an annual average growth rate of 0.1% 23 
per year. This was driven by continued investment in conservation (discussed more below) and 24 
further loss of industrial loads. There has been a shift in the last five years, as electricity demand has 25 
increased roughly 1.7% per year. As of 2025, regional electricity demand in the Northwest is more 26 
than 22,000 average megawatts. The primary driver of this new demand growth is the introduction of 27 
new loads, including new air conditioning demand in response to recent summer heat events, electric 28 
vehicles emerging on the market, and the growth of data centers.  29 
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Figure 2 - 2: Annual Energy Demand and System Peaks Since 2010 1 

 2 

During this same time, the regional system’s peak demand has been growing, particularly in the 3 
summer. In the past couple of years, the winter peak has reached over 35,000 megawatts, and 4 
summer peak has been roughly 33,000 megawatts. The power system for the Northwest was 5 
primarily built to serve winter peak needs. While meeting winter peak needs continue to be important, 6 
this growth in summer peak is a key consideration for power system planning.  7 

While electricity demand has increased regionwide, this growth is not universal. Some parts of the 8 
region, particularly urban areas of the west side, have seen negative to low load growth (less than 9 
1%), likely driven by shifting populations and continued investments in conservation. Other parts of 10 
the region have seen load growth of over 1%, in some areas over 2%. These areas, primarily on the 11 
east side of the Cascades or in urban areas with high technology loads, are experiencing a mixture of 12 
growing populations and the introduction of data center loads. The Council’s forecast for future 13 
demand continue to show growth across the region. This is discussed more in Chapter 3. 14 

Demand Side Resources 15 

Demand side resources are those that can be acquired on the consumer (or demand) side of the 16 
meter. These include conservation, renewable resources such as rooftop solar, and demand 17 
response, or the ability to shift demand to support broader power system needs. Because these 18 
resources are on the consumer side of the meter, they have a direct impact on overall load growth. As 19 
demand side resources are added to the system, they offset electricity load, which in turn reduces the 20 
need for generating resources to serve that load.  21 
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Conservation 1 

The Northwest Power Act identifies conservation as a priority resource to meet power system needs. 2 
Conservation is defined as “any reduction in electric power consumption as a result of increases in 3 
the efficiency of energy use, production, or distribution.”32 The term “energy efficiency” is often used 4 
to describe this resource.  5 

Conservation consists of many small decisions made by individuals and businesses, such as adding 6 
insulation to a home, installing a heating system that uses less energy, using more efficient lighting, 7 
upgrading industrial practices, or changing irrigation sprinklers to use less water, thereby reducing the 8 
associated pumping energy. Since the 1980s, Bonneville, the region’s utilities, and others have been 9 
running conservation programs to support these actions. This collective effort has resulted in 10 
conservation becoming the second largest resource in the Pacific Northwest in terms of annual 11 
average megawatts, behind hydropower. As of the end of 2024, the region has achieved over 8,000 12 
average megawatts of conservation. For scale, 8,000 average megawatts is enough energy to provide 13 
continuous power to seven cities the size of Seattle.  14 

Figure 2 - 3: Northwest Conservation Savings Since 1978 15 

 16 

Conservation has reduced the electricity need in homes, businesses, industries, and farms 17 
throughout the region. This, in turn, has reduced the amount of load growth since 1980, helping to 18 
keep electricity demand relatively flat in recent years. Figure 2 - 4 shows the role conservation has 19 

 

 
32 Northwest Power Act, Section 3(3). 
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played in dampening load growth. Without conservation, regional loads in 2024 would have been 1 
closer to 25,000 average megawatts, or roughly 17% higher.   2 

Figure 2 - 4: Load and Conservation Savings Since 2010 3 

 4 

Demand Response 5 

Demand response is a mechanism by which utilities can adjust the electricity demand of consumers 6 
at specific times to help reduce overall system demand. This can be done through direct adjustments, 7 
such as shifting the time of electric vehicle charging to later in the evening when less electricity is 8 
needed elsewhere in the system, or through the use of price signals to encourage consumers to shift 9 
the timing of their electricity use. Because the Northwest as a region has traditionally been capacity-10 
rich, there has not been as much of a need for resources that target peak needs, like demand 11 
response. That is changing.  12 

Historically, the use of demand response as a resource has been concentrated in the agricultural and 13 
industrial sectors. Irrigation demand response focuses on curtailing the load from pumps used for 14 
irrigation during some days in the summer months when there is significant energy demand. This has 15 
been an important resource in some parts of the region. For example, Idaho Power has maintained an 16 
irrigation demand response program for over two decades to support summer capacity needs. 17 
Industrial demand response targets large customers who can temporarily reduce operations or shift 18 
processes to lower energy use in response to a call from the utility.  19 
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Figure 2 - 5: Demand Response Savings by Sector Since 201533 1 

 2 

While the region’s demand response resource is still dominated by irrigation programs, there has been 3 
a shift in recent years to explore more opportunities in other sectors, starting with the residential 4 
sector. These newly established programs and pilots consider a range of opportunities, including 5 
managing water heating loads, shifting electric vehicle charging times, and establishing rate structures 6 
to guide consumer electricity use. Collectively, these demand response programs help to offset 7 
regional energy demand during times of peak need on the system.  8 

Rooftop Solar 9 

Rooftop solar is similar to its utility-scale counterpart, but sized to address the needs of the specific 10 
residence or business on which it is located. Rooftop solar is a relatively small resource in this region, 11 
but there has been recent growth in the market that is consistent with national trends (see Figure 2 - 12 
6). Rooftop solar growth in 2023 was particularly significant, with over 300 megawatts of new 13 
installations. This single year represents over 20% of the region’s total installed capacity of around 14 
1,300 megawatts as of 2025.  15 

 

 
33 Energy Information Administration Demand Response Data, Form 861. 
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Figure 2 - 6: Rooftop Solar Installations, by State, Since 201134 1 

 2 

Similar to other demand side resources, rooftop solar ultimately reduces overall regional load growth. 3 
Given the relatively small size of this resource to date, the Council has typically accounted for rooftop 4 
solar in its load forecast. For the Ninth Power Plan, the Council developed an estimate of rooftop solar 5 
potential, which is included in the suite of new resource options discussed in Chapter 3.  6 

Supply Side Resources  7 

Large generating resources, also referred to as supply side resources, make up the bulk of the power 8 
system. The Council maintains a database tracking all generating projects in the region, including 9 
those projects built outside the region but serving the region’s load.35 This section provides context on 10 
historical development of supply side resources in the Northwest. More detail on the existing system 11 
is available in Technical Appendix B – Existing System Parameters and Policies. 12 

The history of generation in the region can be characterized by three phases of development. First, the 13 
growth of the hydropower system, followed by a shift to new thermal plant development, and then the 14 
third phase of significant renewable development. Hydropower system development started in the 15 
late 1800s, with the bulk of development occurring from the 1930s through the 1970s. The 16 
hydropower system continues to provide the foundation for the Northwest’s energy landscape. 17 

 

 
34 Energy Information Administration Data, Form 861. 
35 The Council’s Project Database is updated regularly and is available at https://www.nwcouncil.org/energy/energy-
topics/power-supply.  
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Around the 1970s, the region started to invest more in the development of thermal resources, starting 1 
with coal and nuclear power. In the late 1990s, the region transitioned to natural gas as the primary 2 
thermal resource to meet new load growth. The third phase started in the mid-2000s, with the shift 3 
towards renewable resources beginning with investment in wind development before shifting more to 4 
solar in recent years. More detail on each of these phases is described in the sections below. 5 

Figure 2 - 7: Resource Development in the Northwest Since 1890 6 

 7 

Hydropower 8 

The Columbia River and its tributaries comprise one of the major economic and environmental 9 
resources in the Pacific Northwest. Originating in the Rocky Mountains in Canada, the mainstem of 10 
the Columbia River extends a total of 1,243 miles to the Pacific Ocean. The major development phase 11 
of hydropower in the Columbia River Basin began in the 1930s and extended through the 1970s. The 12 
development across the system included over 250 hydropower dams and about 200 non-power 13 
dams, which were built for purposes such as irrigation and flood control. Today, the Columbia River 14 
Basin hydropower system delivers carbon-free, renewable energy that, on average, supplies roughly 15 
half the electricity generation in the region.  16 

In addition to providing electricity, the dams meet many needs for the Northwest. These include 17 
operations to support flood control, irrigation, recreation, and transportation. More importantly for the 18 
Council’s work, the operational flexibility and generating capability of the hydropower system has 19 
been reduced to protect fish and wildlife from the impacts of the system. As discussed in Chapter 1, 20 
one of the Council’s key purposes is to protect, mitigate, and enhance fish and wildlife impacted by 21 
the Columbia River Basin hydropower system. The Council’s 2026 Columbia River Basin Fish and 22 
Wildlife Program details measures and objectives to protect and benefit fish and wildlife. This 23 
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includes measures that directly impact hydropower development, require minimum flows and flow 1 
augmentation to support fish migration, and offsite protection and mitigation actions to support 2 
affected species. From the inception of the Program, the Council has also supported the concept of 3 
protecting some streams and wildlife habitats from further hydropower development. In the late 4 
1980s, the Council designated 44,000 miles of river reaches as “protected areas,” where the Council 5 
determined that development would have major negative impacts that could not be reversed. These 6 
protected areas have proven effective at limiting new hydropower development in important fish and 7 
wildlife habitat.  8 

More detail on the Council’s current Fish and Wildlife Program and its relationship to the Ninth Power 9 
Plan is included later in this chapter. 10 

Thermal Resources 11 

Following the development of the hydropower system, there was a shift to thermal resource 12 
development to meet new load growth, including nuclear, coal, and natural gas. These came into the 13 
region in two waves. First, there was a focus on nuclear and coal, driven in part by the Hydro-Thermal 14 
Power Program. The second came later with the advancement of natural gas.  15 

Nuclear and Coal Development 16 

Congress authorized the region’s first nuclear project in 1958 in Hanford, Washington, on the site of 17 
plutonium production for atomic weapons used in World War II. The Hanford Generating Project came 18 
online in 1966. Hanford operated until 1987, when it was placed on standby and ultimately shut down 19 
in 1994.  20 

In the 1960s and 1970s, the region faced significant load growth forecasts and sought to address 21 
these impending projected shortfalls with new generation, specifically nuclear and coal plants. This 22 
effort, launched in 1968, was organized and spearheaded by the Hydro-Thermal Power Program, a 23 
comprehensive action and planning proposal for hydro-thermal power development. The program laid 24 
out the plan for Bonneville and its customers to build 21,400 megawatts of new thermal power (20 25 
new thermal plants, 18 of which were nuclear) and 20,000 megawatts of new peaking hydropower by 26 
February of 1990. Phase 1 of the program proposed seven new generators, including Centralia coal 27 
plant in Washington, Trojan nuclear plant in Oregon, and three nuclear plants built and operated by 28 
Washington Public Power Supply System (WPPSS).36 WPPSS was already the non-federal operator of 29 
the steam generator half of the Hanford nuclear project. Phase 2 included two additional nuclear 30 
projects to be built by WPPSS.   31 

Ultimately, after significant cost overruns and load growth not materializing as forecast, only one of 32 
the five WPPSS nuclear plants was ever built, the Columbia Generating Station (CGS), at the Hanford 33 

 

 
36 The Washington Public Power Supply System was a joint operating agency that organized Bonneville utility customers in 
Washington to share the risks and rewards of building and operating new electric generating facilities.  



DRAFT NINTH POWER PLAN 

 
EXISTING NORTHWEST POWER SYSTEM · 26 

 

site in 1984. As discussed in Chapter 1, this experience was a major driver for the development of the 1 
Northwest Power Act.  2 

Regional utilities also developed the Centralia coal plant and Trojan nuclear plant identified in Phase 1 3 
of the Hydro-Thermal Power Program. In 1976, Portland General Electric connected Trojan nuclear 4 
plant near Rainer, Oregon. The plant was permanently shut down in 1993, when it was deemed no 5 
longer cost competitive, and was eventually demolished in 2006. Trojan’s retirement and eventual 6 
demolition was also a reaction to years of organized anti-nuclear pushback against the plant. These 7 
sentiments were codified into law in 1980 by Oregon’s Ballot Measure 7, which banned the 8 
construction of new nuclear reactors without a permanent, federal repository for high-level nuclear 9 
waste and the approval of Oregon voters.37 10 

Today, CGS is the only remaining nuclear plant operating in the region. WPPSS was renamed Energy 11 
Northwest in 1998. CGS is owned and operated by Energy Northwest and is licensed to run through 12 
2043, since the Nuclear Regulatory Commission granted a 20-year renewal to CGS’s original 40-year 13 
operating license. CGS has a capacity of about 1,200 megawatts and provides on average between 14 
950–1,100 average megawatts of energy to the region annually, depending on the refueling schedule. 15 
In May 2025, Bonneville approved an extended power uprate to CGS, which will increase generating 16 
capacity by around 160 megawatts by 2031. The recent need for new resources, especially the 17 
perceived need for new baseload resources, has created interest in nuclear energy. Plants in other 18 
parts of the U.S. are being repowered, and there is ongoing interest in new applications of nuclear 19 
technology. These emerging technologies are discussed further in Chapter 3. 20 

In the late 1960s, the region also looked to coal as another economical source of electricity. In 21 
addition to the Centralia plant in Washington, Northwest utilities brought into service 14 coal-fired 22 
units across six sites between 1968 and 1986. These include Boardman (Oregon), Colstrip (Montana), 23 
J.E. Corette (Montana), Jim Bridger (Wyoming), and North Valmy (Nevada). At its height, the region’s 24 
coal capacity (including several smaller coal units) totaled around 7,300 megawatts. 25 

Natural Gas 26 

Natural gas development started in the region in 1974 with the first natural gas-fired baseload plant, 27 
the 600-megawatt Beaver combined cycle plant. This was followed by a few gas peaking plants in the 28 
early 1980s. The real shift towards natural gas development started in the late 1980s (see Figure 2 - 29 
8). This was driven in large part by General Electric’s release of its F-class frame unit, a machine with 30 
increased reliability and efficiency, as well as low gas prices. A second wave of gas plant 31 
development by independent power producers came in response to the West Coast electricity 32 
crisis in the early 2000s. In recent years, the development of gas peaking plants (simple cycle and 33 
reciprocating engines) in the Pacific Northwest and elsewhere can be attributed, in part, to the need 34 

 

 
37 Siting of Nuclear-Fueled Thermal Power Plants, ORS 469.590 to 469.599. 
https://www.oregonlegislature.gov/bills_laws/ors/ors469.html  

https://www.oregonlegislature.gov/bills_laws/ors/ors469.html
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for additional flexibility in the power system to supplement and integrate variable energy resources 1 
such as wind and solar.  2 

Figure 2 - 8: Coal and Gas Development in the Northwest Since 1960 3 

 4 

A combination of new clean policies and the decreasing costs of alternative resources, including 5 
natural gas and renewables, has reduced the role of coal in the region. In the mid-2010s, several coal 6 
plant owners announced planned retirement of their projects. In 2020, around 2,050 megawatts of 7 
coal were retired from the system.38 Since then, driven by recent load growth and resource 8 
development challenges, coal plant owners have reversed decisions on plant retirement, with many 9 
instead shifting to coal-to-gas conversions. Table 2 – 1 outlines the owner-announced plans for the 10 
remaining coal plants serving Northwest loads. 11 

 

 
38 This includes Colstrip 1 and 2 in Montana, Boardman in Oregon, and Centralia 1 in Washington. 
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Table 2 - 1: Owner-Announced Plans for Remaining Coal Plants Serving the Northwest 1 

Coal Unit Nameplate Capacity 
(MW) Owner-Announced Plans 

Centralia 2  730 Gas conversion expected in late 2028 

Colstrip 3  778 Remaining coal 

Colstrip 4  778 Remaining coal 

Jim Bridger 1  608 Converted to gas in 2024 

Jim Bridger 2 617 Converted to gas in 2024 

Jim Bridger 3  608 Adding carbon capture sequestration in 2030 

Jim Bridger 4 608 Adding carbon capture sequestration in 2030 

North Valmy 1  277 Gas conversion expected in 2026 

North Valmy 2  289 Gas conversion expected in 2026 

Other Thermal Resources 2 

Other thermal resources exist in the region but play a smaller role in the overall regional power supply. 3 
For example, the region has around 750 megawatts of installed biomass plants, which run on a variety 4 
of fuels. The majority of the region’s biomass capacity burns fuels from spent pulping liquor and 5 
woody residues. The economic recession in the late 2000s resulted in several of the region’s paper 6 
and textile plants shutting down, leading to a reduction in the supply of this fuel for biomass plants. 7 
More recently, the region has also added several small animal waste and landfill gas plants developed 8 
on existing dairy farms and landfill operations.  9 

Another thermal resource is cogeneration, or combined heat and power, which produces both 10 
electricity and thermal or mechanical energy for industrial processes, space conditioning, or hot 11 
water. Section 4(e)(1) of the Northwest Power Act gives priority first to conservation, second to 12 
renewable resources, and third to generating resources using waste heat. Industrial cogeneration falls 13 
under this third priority category. In the Pacific Northwest, there are different types of industrial 14 
cogeneration, namely biomass and natural gas plants. Industrial cogeneration in the forest products 15 
industry has long been a component of Pacific Northwest electric power generation. These plants 16 
include chemical recovery boilers in the pulp and paper industry, and power boilers fired by wood 17 
residues, fuel oil, and gas in both the pulp and paper and lumber and wood products sectors. Gas-18 
fired combustion turbines have also been installed as industrial cogeneration units, oftentimes with 19 
the waste heat (steam) being used for secondary heating purposes. Many of these industrial 20 
cogeneration plants do not sell power offsite, or generate only when fuel costs are favorable, and 21 
therefore the Council does not have a precise inventory of these plants in the region.  22 

Renewables  23 

The region’s investment in renewable energy started with wind in the late 1990s and early 2000s. 24 
When states began adopting renewable portfolio standards in the mid-2000s, wind development 25 
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picked up. This started in areas with both a good wind resource (e.g. higher speeds) and accessibility 1 
in the region, primarily along the Columbia River Gorge.39 Advancements in wind technology and lower 2 
costs have enabled the region to expand its wind resource by broadening the potential locations of 3 
projects. This includes additional wind throughout the Gorge, parts of central and eastern 4 
Washington, and expansion into Montana and Idaho. There has also been significant development of 5 
wind in Wyoming to serve loads in the region. Wyoming has a particularly good wind resource.  6 

Figure 2 - 9: Renewable Development in the Northwest Since 1995 7 

 8 

The next wave of renewable development in the region has been solar generation. Solar is a relatively 9 
newer technology. Early development primarily occurred in parts of the country with a better solar 10 
resource (e.g. more reliable sunshine), such as California and the desert Southwest. The investment 11 
in solar in those locations ultimately flooded the market with cheap power, which in turn discouraged 12 
early solar development in the Northwest. As clean policies got more stringent and the cost of solar 13 
continued to decline, the region started to invest more in this resource. The region now has around 14 
2,400 nameplate megawatts of solar resources, with the bulk of that investment occurring in the last 15 
five years. 16 

The most recent phase of renewable development is storage. Storage resources capture and store 17 
energy generated at one time to be discharged and used at another time. While not strictly a 18 
renewable resource, utilities are adding storage to balance renewables and foster further renewable 19 

 

 
39 Part of accessibility included transmission availability, with early projects being cited in areas with both a good wind 
resource and transmission access. 
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development. The most common storage resource in the Northwest is lithium-ion batteries. The first 1 
wave of battery storage in the region was an investment in standalone facilities, but the region is 2 
seeing an increase in the colocation of battery storage with other renewable resources. In 2024 and 3 
2025, the region built 1,000 megawatts of battery storage.  4 

In addition to wind, solar, and storage, the region has also invested in some geothermal resources. 5 
The Northwest is home to a significant, naturally occurring geothermal resource, especially in 6 
southern Oregon and Idaho. Despite this resource potential, the significant cost of geothermal has 7 
limited the amount of development in the region. There are currently only four geothermal projects 8 
with a total nameplate capacity of around 50 megawatts, three of which are in southern Oregon and 9 
one in southern Idaho. Entities are exploring enhancements in geothermal that would broaden the 10 
geographic potential of this resource. 11 

Transmission 12 

The Pacific Northwest transmission grid is part of the Western Interconnection, one of three major 13 
National Energy Regulatory Commission (NERC) grid interconnections in the continental United 14 
States. The Western Interconnect encompasses all or parts of states and provinces west of the Rocky 15 
Mountains to the Pacific Ocean and Northern Baja, California. Via this system, Northwest utilities are 16 
connected to the greater West through interties into California, British Columbia, and the Rocky 17 
Mountain Area. According to the Western Electricity Coordinating Council (WECC), the Western 18 
Interconnect comprises roughly 136,000 miles of transmission lines.40 The system was strategically 19 
developed to connect the major load centers with remote resources, and, in particular in the Pacific 20 
Northwest, to connect the hydropower dams to high-voltage transmission lines in order to support the 21 
transfer capability of seasonal energy.  22 

Bonneville owns roughly 70% of the transmission system in the region, with other utility and energy 23 
service supplier owners accounting for the rest. As shown in Figure 2 - 10, the bulk of the Bonneville 24 
transmission system was developed in the 1960s through 1980s. Since then, there has been little 25 
investment in transmission expansion in the region. This stagnation in new transmission development 26 
has become increasingly pressing in recent years, as increasing loads and more dispersed generation 27 
asks more of the aging system.  28 

 

 
40 https://wecc-spdp-weccgeo.hub.arcgis.com/pages/transmission-availability.  

https://wecc-spdp-weccgeo.hub.arcgis.com/pages/transmission-availability
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Figure 2 - 10: Transmission Development in the Bonneville System over the Decades41 1 

 2 

Recognizing the need for new transmission in the region, Bonneville, utilities, and others have come 3 
together through the Western Transmission Expansion Coalition (also known as WestTEC). This is a 4 
west-wide voluntary effort to conduct long-term transmission planning for the west. WestTEC 5 
recently released the results of its 10-year study and is now working on a 20-year analysis.42 The 6 
Council leveraged publicly available information from this analysis to inform the scenario modeling 7 
discussed more in Chapter 3.43 8 

Resources Across the West 9 

With the region being part of the broader Western Interconnect, it is important to understand the 10 
resource mix across the West. This ultimately provides information on the available market on a 11 
short-term basis. The Council’s adequacy, production cost, and capital expansion models all include 12 
load and resource information for the broader West.44 13 

 

 
41 Data for this chart was provided by Bonneville, as shared with the Council at its August 2023 meeting. More information 
is available at https://www.nwcouncil.org/fs/18429/2023_08_3.pdf.  
42 More information on the work of WestTEC, including the 10-year report, is available on its website: 
https://www.westernpowerpool.org/about/programs/western-transmission-expansion-coalition.  
43 More detail on the existing transmission system is available in Technical Appendix B – Existing System Parameters and 
Policies. 
44 The Council’s three models for scenario modeling include GENESYS (hydro modeling and adequacy), OptGen/SDDP 
(regional capital expansion and resource optimization, and Aurora (west-wide market availability).  
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The resource mix across the Western Interconnection is different than that of the region. While 1 
hydropower is dominant in the Northwest, it represents around 13% of the installed generation for the 2 
broader West. Instead, natural gas is the most dominant resource in terms of installed capacity, 3 
followed by solar. Figure 2 - 11 shows the resource mix of the Western Interconnect, excluding the 4 
resources serving the Northwest. The total nameplate capacity of the West outside of this region is 5 
around 248 gigawatts. This compares to approximately 70 gigawatts in the Northwest. The resources 6 
that make up the “other” category depicted in Figure 2 - 11 include around 4,700 megawatts of 7 
pumped storage (1.9% of total) and 3,700 megawatts of geothermal (1.5% of total).  8 

Figure 2 - 11: West-Wide Resource Mix in 2025, Excluding Northwest Resources 9 

 10 

Coal generation currently represents around 7% of the installed capacity for the West. As in the 11 
Northwest, states across the West are shifting away from their coal fleets due to rising costs, aging 12 
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plant efficiency, and policies targeting carbon emissions. Roughly 75% of the installed coal fleet 1 
capacity is announced for either retirement or conversion to natural gas.45  2 

Current Issues Impacting the Northwest Power 3 

System 4 

The power system is dynamic. Changes in the consumer base, whether it be a growing population, 5 
emerging industry, or other shifts in the economy, result in changes in power needs. Policies at the 6 
federal, state, and local levels may impact decisions around power planning, siting of resources, and 7 
operations of the existing system. As the Council embarks on the Ninth Power Plan, Bonneville, the 8 
region, and the broader power system are undergoing a period of rapid change. The following section 9 
highlights some of these key shifts. 10 

Recent Load Growth 11 

As discussed above, the rate of load growth in the last five years has increased, driven by new load 12 
segments including data centers and electrification. Over the next 20 years, overall regional load 13 
growth is expected to grow significantly, although there remains much uncertainty around exactly how 14 
much, in what sectors, and where in the region this growth will occur. 15 

One of the largest drivers of recent load growth is the increase in data centers and high-tech 16 
industries. This type of load is unique from other sectors. These are very large and relatively flat loads 17 
that come on rather quickly. They are also highly concentrated in some parts of the region. Figure 2 - 18 
12 shows the estimated recent data center growth in the region. It is important to note that this 19 
specific data does not include the growth of other high-tech industries, such as chip fabrication, 20 
which are also important drivers of electricity demand. Planning for the growth in these large loads is 21 
one of the biggest challenges facing the region. Chapter 3 provides more information on the Council’s 22 
approach to forecasting this data center and other high-tech growth over the next 20 years.  23 

 

 
45 A full list of west-wide coal plants and information on announced retirements or conversions is available in Technical 
Appendix B – Existing System Parameters and Policies.  
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Figure 2 - 12: Estimated Data Center Demand Since 2014 1 

 2 

Another driver of recent load growth is the electrification of vehicles. Unlike data centers loads that 3 
are relatively large and flat, these loads grow more slowly over time as consumers make decisions to 4 
purchase electric vehicles. The demand for electricity only occurs when the car is charging, which can 5 
strain the power system if everyone comes home and plugs in to charge at the same time. Table 2 - 2 6 
shows the estimated number of electric vehicles in the region, and the growth since 2021. Most of this 7 
growth is concentrated in Oregon and Washington. Currently, electric vehicles represent only a small 8 
share of total vehicles in the region. As described in Chapter 3, the Council expects electric vehicles 9 
to become a larger part of the economy, particularly in the states of Washington and Oregon where 10 
policies are targeting increased sales of these vehicles.  11 
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Table 2 - 2: Estimated Electric Vehicle Counts, by State 1 

State Number of EVs as 
of 2025 

Growth since 
2021 

Estimated Share 
of EVs as of 2024 

Percent Mix of 
BEV/PHEV46 

Idaho 20,133 14,133 0.9% 67/33 

Montana 4,754 4,544 1.0% 66/34 

Oregon 134,425 102,212 2.8% 72/28 

Washington 278,490 190,456 4.3% 80/20 

Bonneville Power’s Post-2028 Contracts 2 

As described in Chapter 1, Bonneville is required to offer power sales contracts to utilities and others 3 
in the region.47 Bonneville’s current contracts with preference customers are known as the Regional 4 
Dialogue contracts. These contracts are set to expire on September 30, 2028. Bonneville has been 5 
working with the region on a new set of contracts, known as the Provider of Choice contracts, to 6 
support power services for a 19-year period starting October 1, 2028, and ending September 30, 7 
2044. More than 130 customer utilities signed these contracts, and Bonneville is now working with its 8 
customers and the region on implementation details to be ready to provide service in October 2028. 9 

Bonneville may need to acquire new resources beyond conservation to meet the power service 10 
obligations of these contracts, while also continuing to meet its obligations to meet requirements for 11 
fish and wildlife mitigation. Bonneville sells power to its preference customers under a tiered rate 12 
approach. Under these new contracts, Bonneville has committed to deliver up to 7,250 average 13 
megawatts to customers at the Tier 1 rate, which represents the costs of the existing system and any 14 
new resources that may need to be acquired to meet that obligation. The amount of power that 15 
Bonneville will provide to each customer at the Tier 1 rate is known as the contract high water mark. 16 
Customers may then elect to have Bonneville serve additional load beyond that contract high water 17 
mark, which is provided at the Tier 2 rate. As customers’ loads grow, and the obligation for power 18 
sales increases, Bonneville may need to acquire resources to serve those customers. The Ninth 19 
Power Plan provides recommendations for Bonneville to guide its resource decisions. More 20 
information is provided in the Action Plan (Chapter 4) and Conservation Program (Chapter 5).  21 

Extreme Weather Events 22 

The region, and broader West, have experienced several extreme weather events over the years that 23 
have strained the power system and significantly impacted communities. Two recent events of note 24 
were the 2021 heat dome where temperatures in the region were significantly above normal (reaching 25 

 

 
46 BEV stands for battery electric vehicle, which is an all-electric vehicle. PHEV standards for plug-in hybrid electric 
vehicle, which combines a rechargeable electric motor with a traditional gasoline engine. 
47 Northwest Power Act, Section 5.  
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116 degrees in Portland) and the January 2024 cold event (also referred to as the MLK event). Beyond 1 
extreme temperature events, the Northwest has been experiencing an increase in the amount and 2 
intensity of wildfires. As the Council embarked on the development of the Ninth Plan, many entities 3 
throughout the region asked that the Plan provide a robust solution to account for extreme weather 4 
events in the future. 5 

Weather, and particularly weather 20 years into the future, is a significant area of uncertainty for 6 
power planning. Temperatures have a direct impact on how much power people will use in their 7 
homes and businesses for heating and cooling. Temperatures and precipitation impact rainfall and 8 
snowmelt, which is important in a region dominated by hydropower. The weather can even impact 9 
resource availability by changing the efficiency or capacity of a specific resource. Since the 10 
development of the 2021 Power Plan, the Council has leveraged climate model data to help forecast 11 
the very uncertain future weather, including temperatures, precipitation, and wind regimes.48  The 12 
temperature data from these climate models informs the Council’s forecasts of future load. These 13 
same temperatures also inform wind and solar availability, as there is a relationship between 14 
temperature and the capacity factors of those resources. Precipitation data informs streamflow, 15 
which in turn informs hydro conditions. In total, the Council models 90 pairings of future hydro, wind, 16 
solar, and loads connected by data from three climate models, to provide a range of uncertainty. 17 

Given the importance of ensuring the Ninth Power Plan accounts for extreme weather, the Council 18 
reviewed how well the climate model data captures extreme weather events by comparing 19 
temperatures from recent events to those in the climate data. This analysis shows that the climate 20 
model data captures extreme events, both hot and cold. The climate models generally show a shift to 21 
warmer temperatures. This shift is captured in the frequency of heat events, where there are more 22 
consecutive days of high temperatures across the climate model years than in historical data. While 23 
the data shows an overall shift towards warmer temperatures, the models continue to capture long-24 
duration cold events, with temperatures getting as low as those seen in the historical data.49  25 

Wildfires are another risk area across the West, impacting the daily lives of many. The Ninth Power 26 
Plan is the first Council plan to consider the impacts of wildfire on the power system. The Council 27 
focused on the operational risks of wildfires, specifically the impact on solar generation from nearby 28 
smoke.50 The Council used data on particulate matter from recent events to develop information on 29 

 

 
48 The Council uses global climate models analyzed by the Intergovernmental Panel on Climate Change as part of its Fifth 
Assessment Report. The River Management Joint Operating Committee downscaled these models to provide more 
granular information for the Pacific Northwest. The Council has selected three of these models that represent a range of 
future temperature and hydro conditions. More information on the models and the Council’s selection process is available 
in Technical Appendix D – Climate Model Data and Assumptions.  
49 More information on the use of climate model data and the analysis of extreme weather events is available in Technical 
Appendix D – Climate Model Data and Assumptions.  
50 The Council also considered a modeling approach to capture the operational risk of transmission derates from wildfires. 
This approach was discussed at a multi-advisory committee meeting on March 7, 2025 and with the Council at its May 
2025 Council meeting. Ultimately, the Council determined that there was not an effective way to incorporate the proposed 
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“wildfire smoke days” during which the capacity factors for a specific solar shape is reduced by 1 
roughly 10%.51 This approach provides an important step forward in power system modeling, as the 2 
risk of wildfire continues to grow for the region. 3 

Bonneville and Retail Electricity Rates 4 

Northwest electricity rates have increased for consumers in nominal dollar terms in recent years, with 5 
steeper increases in the early 2020s. Figure 2 - 13 shows average annual retail electricity rates for 6 
residential customers from 2010 through 2025. General trends for the commercial and industrial 7 
sectors are similar to those in residential, albeit at lower prices. It is important to note that these data 8 
are state level aggregates. Individual utilities may have different patterns of rate change.  9 

Figure 2 - 13: Residential Retail Electricity Rates, nominal dollars52 10 

 11 

One factor that impacts retail electricity rates shown in Figure 2 - 13 is inflation. The U.S. experienced 12 
a high level of inflation in the early 2020s. After adjusting for this inflation, the picture shifts slightly. 13 
Figure 2 - 14 shows retail electricity rates in real dollars after adjusted for inflation. As shown, retail 14 

 

 

transmission derates consistent with the effect on solar generation, and therefore it did not implement the approach in the 
Ninth Plan.  
51 More information on the development of the wildfire informed solar profiles is captured in Technical Appendix G – New 
Generating Resources. 
52 Data from U.S. EIA, averaged from monthly data to annual: https://www.eia.gov/states/data/dashboard/prices-rates-
revenues-costs-expenditures. 
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rates in real dollars declined between 2015 and 2022. These rates in real dollars have since 1 
increased, particularly in Oregon and Washington.  2 

Figure 2 - 14: Residential Retail Electricity Rates, real (2024) dollars53 3 

 4 

This increase in electricity rates has been driven by a variety of factors, including the investments 5 
needed to maintain aging distribution and transmission system infrastructure, as well as the 6 
development of new resources to address load growth and support clean policies. Extreme weather 7 
events have also led to increases in electricity rates in some areas, like investments for wildfire 8 
mitigation, insurance costs, and costs associated with liabilities and awarded damages. Some 9 
portions of the region have also seen increases in rates due to storm recovery, such as distribution 10 
system repairs after an ice storm.  11 

In the Northwest, public utilities have access to power from Bonneville at contractually set 12 
preference rates. This includes power sold at the Tier 1 rate for contract high water mark load and 13 
power sold at the Tier 2 rate for additional load. Similar to the trends seen across the region, when 14 
accounting for inflation, Tier 1 rates showed a general decline between 2018 and 2023, with sharp 15 
increases in the past few years.  16 

Bonneville’s Tier 2 rates tend to be higher than Tier 1 rates. Bonneville’s Tier 2 rate is currently 17 
connected to market prices, and recent increases and variability in market prices (discussed more 18 
below) have driven up this rate. The increase in Bonneville rates has a direct impact on the retail 19 

 

 
53 Ibid. 

$0.00

$0.02

$0.04

$0.06

$0.08

$0.10

$0.12

$0.14

$0.16
20

10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

20
21

20
22

20
23

20
24

20
25

Re
al

 d
ol

la
rs

 p
er

 kW
h 

(2
02

4$
)

Idaho Montana Oregon Washington



DRAFT NINTH POWER PLAN 

 
EXISTING NORTHWEST POWER SYSTEM · 39 

 

electricity rate for consumers. As Bonneville customer utilities forecast load growth, they are weighing 1 
the uncertainty and risk of future Bonneville rates as part of the decision-making process when 2 
deciding how to meet needs while ensuring affordability. 3 

Market Prices and Economic Risk 4 

Power market prices, and the variability of market prices, create economic risk for utilities relying on 5 
the market as part of their resource needs. The market price is typically connected to the marginal 6 
resource for energy. For the 2010s, annual average market prices remained relatively low. This was 7 
driven, in part, by relatively low and stable natural gas prices, with natural gas often the marginal 8 
resource for the system. In recent years, the market has experienced volatility and periods of high 9 
prices. This is due in part to power system load growth, increased volatility in natural gas prices driven 10 
by pipeline system constraints and outages, and extreme weather events. The increase in variable 11 
energy resource penetration is also driving more intraday volatility in market prices.   12 

Figure 2 - 15: Average Monthly and Annual Market Prices Since 201054 13 

 14 

Power market conditions can shape new resource decisions. New resources become a more 15 
attractive way of meeting loads when market prices are high or when supply is tight during peak 16 
demand hours. High prices can also make new resources more valuable because they reduce a 17 

 

 
54 These prices are for day-ahead heavy load hours at the Mid-Columbia hub. The volume at the Mid-Columbia hub has 
declined in recent years, due in part to the introduction of the Western Energy Imbalance Market discussed more in the 
next session. That being said, these prices continue to provide good information to show general trends for the region.  
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utility’s exposure to market purchases, and these same resources can provide economic gains by 1 
selling excess power into the market when available.  2 

This recent exposure to increased market prices, and particularly the increased volatility of market 3 
prices, is changing utility resource decisions. Utilities have been planning for the development of more 4 
resources and reducing their reliance on the market. The extreme weather events experienced in the 5 
last five years have further heightened utility interest in reducing market reliance. The Council was 6 
mindful of this risk when developing the resource strategy included in Chapter 4 of this Plan. 7 

State of Power Markets 8 

Unlike other parts of the country, the Northwest power system generally operates within a bilateral 9 
(decentralized) market where electricity buyers and sellers directly negotiate contracts for power. 10 
Over the past decade, the region has been exploring shifts towards more organized markets. This shift 11 
started with the launch of the Western Energy Imbalance Market (WEIM) in 2014, operated by the 12 
California Independent System Operator (CAISO). This is a real-time market that seeks to optimize 13 
operations across its footprint to balance immediate demand within the hour. Between 2014 and 14 
2022, Bonneville, the investor-owned utilities in the region, and a couple of the larger public utilities 15 
joined the WEIM.55 16 

In recent years, the region has explored additional opportunities for market development with two 17 
potential day-ahead markets: the Extended Day Ahead Market operated by CAISO and Markets+ 18 
operated by the Southwest Power Pool. As suggested by the name, these markets will seek to 19 
optimize operations a day ahead of need. The Extended Day Ahead Market is already in operation as of 20 
May 2026, and Markets+ intends to go live in 2027. Bonneville and many of the utilities throughout the 21 
region are joining one of these two markets, which will provide for optimization of resources in the day 22 
ahead across larger footprints than currently happens under the bilateral market of today. 23 

In addition to these markets, there are adequacy programs forming in the West. These programs seek 24 
to address resource adequacy needs by setting common standards for planning of resources and 25 
allowing the ability for participants to pool and share resources during tight power system operations. 26 
One such program is the Western Resource Adequacy Program (WRAP), which has been functioning 27 
for the past couple of years in a non-binding, voluntary manner, with plans to have a fully binding 28 
program in the winter of 2028. Many utilities in the region and across the West are participants of 29 
WRAP. Several regional utilities who are not a part of the WRAP are currently developing an 30 
alternative resource adequacy program. Collectively, it is expected that the bulk of the region’s 31 
utilities and Bonneville will be participating in a resource adequacy program in the coming years.  32 

All these advancements provide broader footprints for planning and operating, which can provide 33 
efficiencies for meeting future load growth and resource needs. The rules and footprints for these 34 
markets and programs were not established early enough to be incorporated directly into the Ninth 35 

 

 
55 More information at: https://www.westernenergymarkets.com/western-energy-imbalance-market-weim.  

https://www.westernenergymarkets.com/western-energy-imbalance-market-weim
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Plan analysis. The Ninth Plan does, however, attempt to reflect what was known about these markets 1 
in its modeling for resource adequacy within the regional footprint.  2 

Existing State and Federal Policies 3 

Energy policy is one of the key drivers of future resource development in the region and across the 4 
country. Policies impact the power system, and therefore the Council’s planning, in multiple ways. 5 
Some policies impact the potential for future electricity demand. Examples of this are policies that 6 
target an increase in electric vehicle sales or encourage the development of certain industries. The 7 
actual impact of these policies over the next 20 years is uncertain. There is also uncertainty about 8 
what new policies impacting load growth will be established in the next 20 years. The Council’s 9 
approach to modeling a range of future potential load growth, as described more in Chapter 3, is one 10 
way of accounting for the significant uncertainty driven by future policies. 11 

Other policies have a direct impact on resource options for development, resource costs, or other 12 
considerations around resource operations. The Council accounts for these policies in multiple ways. 13 
One aspect is compliance with applicable environmental laws, which is incorporated as a cost of 14 
compliance impacting resource costs. As described in Chapter 1, the Northwest Power Act requires 15 
that the Council put forward a strategy for the development of new conservation and generating 16 
resources with due consideration for environmental quality, among other things. The Power Act also 17 
requires that the Council develop a methodology for quantifying environmental costs and benefits 18 
directly attributable to a resource. Chapter 3 of this Power Plan provides more detail on how the 19 
Council accounts for the cost of compliance with these environmental laws.  20 

Policies can also impact which resources are developed and/or how those resources are operated. 21 
The main policies driving resource decisions in this region exist in Washington and Oregon. 22 
Washington’s Clean Energy Transformation Act (also known as CETA) sets a statewide goal of 100% 23 
clean energy by 2045.56 This goal is paired with the Climate Commitment Act, which sets an 24 
economy-wide, declining cap on greenhouse gas emissions and establishes a cap-and-invest 25 
program creating a carbon price for the state.57 Oregon’s Clean Energy Targets Bill requires Portland 26 
General Electric, PacifiCorp, and electricity service providers to reduce greenhouse gas emissions 27 
from the electricity sold to consumers in Oregon.58 Oregon also has a renewable portfolio standard, 28 
which applies to consumer owned utilities not impacted by the Clean Energy Targets Bill.  29 

Outside of these policies, utilities and jurisdictions in other parts of the region have created clean 30 
goals that guide decision making. Both Idaho Power and Avista have set goals to be 100% clean by 31 

 

 
56 Washington Clean Energy Transformation Act, Chapter 19.405 RCW. 
https://app.leg.wa.gov/rcw/default.aspx?cite=19.405. 
57 Greenhouse Gas Emissions – Cap and Invest Program, Chapter 70A.65 RCW. 
https://app.leg.wa.gov/rcw/default.aspx?cite=70A.65. 
58 Oregon Clean Energy Targets Bill, HB2021. 
https://olis.oregonlegislature.gov/liz/2021R1/Downloads/MeasureDocument/HB2021/Enrolled. 

https://app.leg.wa.gov/rcw/default.aspx?cite=19.405
https://app.leg.wa.gov/rcw/default.aspx?cite=70A.65
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2045, which together represent roughly 75% of Idaho’s electricity sales.59 NorthWestern Energy in 1 
Montana has a 100% clean electricity by 2050 goal. Additionally, the cities of Bozeman, Missoula, and 2 
Helena have their own 100% clean electricity goals with a target date of 2030. Collectively, these 3 
jurisdictions represent approximately 58% of Montana’s electricity sales. Between the policies in 4 
Washington and Oregon and the voluntary goals by utilities and communities in Idaho and Montana, 5 
approximately 88% of the region’s electricity sales are impacted by a clean target or goal by 2050.60 6 
All of these policies and goals are reflected in the Council’s Ninth Power Plan development. 7 

The uncertainty around future policy changes and the durability of existing policy creates uncertainty 8 
for power planning, particularly at the federal level. For example, the changes in policy between the 9 
Biden Administration and Trump Administration send starkly different signals for resource 10 
development. Biden-era policies, like the Inflation Reduction Act, incentivized investment in clean 11 
technologies generally. The One Big Beautiful Bill Act passed under the Trump Administration 12 
removed those incentives for specific clean technologies — wind, solar, and conservation. Federal 13 
regulation of greenhouse gas emissions under the Clean Air Act has also caused significant 14 
uncertainty for new resource development. The Biden-era rules set strict emissions limits for new 15 
natural gas plants that would have had a meaningful effect on the utilization of high-capacity factor 16 
gas plants. The Trump Administration reversed those requirements. Policy shifts like these create 17 
uncertainty, making it challenging for planning and investing in certain resources. Recognizing this 18 
uncertainty, the Council developed scenarios to explore the impacts of differing federal policies on 19 
local resource decisions, with the aim of developing a Ninth Plan that is robust despite this 20 
uncertainty.61  21 

The Council’s Fish and Wildlife Program 22 

The Council’s Columbia River Basin Fish and Wildlife Program is one of the required elements of the 23 
power plan under the Northwest Power Act. The 2026 Columbia Basin Fish and Wildlife Program is 24 
the Council’s current version of the program. Prior to reviewing the power plan, the Act requires the 25 
Council to call for recommendations and then follow the process described in the Act to decide on 26 
program amendments. The Council did so, initiating this amendment process in January 2025 that 27 
culminated in the final decision to adopt the 2026 Fish and Wildlife Program in June 2026. As 28 
discussed in Chapter 1, one of the reasons for this ordering of the fish and wildlife program and power 29 

 

 
59 The City of Boise also has a 100% citywide clean energy goal by 2035. Idaho Power serves much of the electricity for 
Boise. 
60 More information on these policies and the representation across the region is provided in Technical Appendix B – 
Existing System Parameters and Policies. 
61 For the Ninth Power Plan, the bulk of analysis assumes all policies in effect as of December 31, 2024. With the change 
in Federal administration in January 2025, the Council made the decision to update its modeling to reflect the updated 
policies of the Trump Administration in its modeling. To test the impact federal policies have on regional decisions, the 
Council used a mix of Biden-era and Trump-era policies in its scenario analysis. The scenarios are described more in 
Chapter 3. Full description of the existing policies assumed in the Ninth Power Plan analysis is included in Technical 
Appendix B – Existing System Parameters and Policies.  
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plan process is that while developing the power plan, the Council can assess how dam operations 1 
that benefit fish impact hydro generation, and then design a regional resource strategy that accounts 2 
for any reduction in this generation.  3 

The Council’s fish and wildlife programs have evolved over the last 45 years. Early programs focused 4 
largely on improving juvenile and adult fish survival at and through the mainstem Columbia and Snake 5 
River dams. This included water management and fish passage provisions for anadromous fish and 6 
reservoir operations to benefit resident fish. The early programs also focused on anadromous fish loss 7 
assessments and systemwide goals, as well as wildlife loss assessments and the beginning of 8 
mitigation for those losses. 9 

In 1988, the Council adopted protected areas as an element of the Council’s fish and wildlife program 10 
and power plan. These provisions call on the Federal Energy Regulatory Commission (FERC) to not 11 
license new hydropower facilities in the river reaches with valuable fish or wildlife resources, which 12 
the Council identified and mapped in a protected areas database. These protected areas are not just 13 
limited to the Columbia River Basin but extend throughout the entire region. These provisions also call 14 
on Bonneville to not acquire the output of, or provide transmission support for, any such project, 15 
assuming it were to be licensed. To date, FERC has not licensed any new hydroelectric projects in 16 
these defined protected areas. In the context of power planning, these protected areas represent 17 
judgment by the Council that the potential effects on habitat, flows, and passage, as well as the 18 
adverse effects on and environmental costs to important fish and wildlife resources, are too great to 19 
justify new hydro development in these areas.  20 

Since the early years of the Fish and Wildlife Program, the Council has expanded offsite mitigation 21 
activities with habitat improvements and fish hatcheries in the tributaries off the mainstem and in the 22 
lower Columbia River and estuary. The 2026 Columbia Basin Fish and Wildlife Program reflects work 23 
built over many years of program development and implementation. It has a continued emphasis on 24 
mainstem water management, passage improvements, and spill, as well as offsite habitat and 25 
hatchery mitigation improvements. The 2026 Program builds on a wealth of recommendations, 26 
comments on recommendations, and comments on the draft Program from federal and state 27 
agencies, including fish and wildlife agencies, tribes and tribal agencies, customers of Bonneville, river 28 
system users, and others. Given the broad scope of activities included in the Program, the Council 29 
identified and articulated a suite of priorities for near-term implementation. These include preserving 30 
program integrity, hydropower system operations, predator management, and habitat protection and 31 
restoration. 32 

Of particular relevance to the Ninth Power Plan is the near-term priority of hydropower system 33 
operations. The Council placed particular focus on the importance of consistent and stable 34 
operations over a longer period of time to allow for better assessment of the effectiveness of those 35 
operations. This includes prioritizing operations that keep water flowing, increase velocities, and 36 
minimize fluctuations during peak juvenile migration. The Council also committed to help establish 37 
one or more work groups to investigate further changes in operations, including updating flood risk 38 
management for reservoir operations, evaluating specific parameters of limiting or allowing system 39 
flexibility to alter flow regimes, considering additional changes to system operations to increase 40 
velocities, and planning for preserving and rehabilitating passage infrastructure. 41 
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Many of these priorities are not new but reflect a continuation of measures included in previous 1 
Council programs. The Council’s 1994 Fish and Wildlife Program introduced flow objectives designed 2 
to increase water flow and velocity, with the goal of reducing downstream migration time for juvenile 3 
anadromous fish and making conditions less favorable for predatory and competing fish. Also in the 4 
1994 Program, the Council considered measures to reduce daily flow fluctuations by calling on the 5 
region to evaluate recommendations for developing ramping rates. In subsequent programs, the 6 
Council developed a suite of measures seeking to manage flows to more closely approximate natural 7 
hydrographic patterns and minimize daily fluctuations in flow. This issue of hydropower flexibility, 8 
particularly daily flexibility, has become one of increased focus with the addition and integration of 9 
new variable energy resources into the system. 10 

The federal agencies that operate, manage, and regulate the Columbia system hydroelectric facilities 11 
all have responsibilities toward the Council’s Fish and Wildlife Program and to the Act’s purpose to 12 
protect, mitigate, and enhance fish and wildlife affected by the facilities. This includes Bonneville, the 13 
Army Corps of Engineers, and the Bureau of Reclamation. The Council’s Program has been a 14 
foundation for both system operations and for the funding and implementation of off-site mitigation. 15 
While federal hydro system operations overlap substantially with measures in the Council’s Program, 16 
the agencies have other influences on their operations and funding. The focus of the Council’s 2026 17 
Program is to move the federal system operations in certain directions, as described above. It remains 18 
to be seen, however, how much the new Program will affect actual operations. For power planning 19 
purposes, it is important to understand both what the Council’s Program calls for and how the federal 20 
agencies are currently operating the hydropower system, as well as any differences between the two. 21 
Between the Endangered Species Act biological opinions, litigation settlements, and court orders, the 22 
federal system operations, specifically those targeting juvenile passage, have been on a roller coaster 23 
for over a decade.  24 

The Council is mindful of these dynamics and the shifting, uncertain future for hydro operations. As 25 
discussed more in Chapter 3, the Council created space in the Ninth Plan scenario modeling to 26 
explore a variety of operations. This included testing different spring and summer spill regimes, 27 
exploring operations that reduced and held more consistent reservoir elevations during the spring and 28 
summer migration, and limited the fluctuations in the lower Columbia and Snake River systems at 29 
various portions of the year. The results from this analysis provided information to the Council on the 30 
impact of these different operations on future power system needs and a robust approach to adding 31 
new conservation and generating resources to ensure system adequacy across a range of potential 32 
hydropower operations. Further, as part of the Ninth Power Plan, the Council specifically analyzed the 33 
operations as recommended by the Council in the 2026 Fish and Wildlife Program. These operations 34 
included reservoir operations, spill, and other passage operations. The resource strategy and related 35 
recommendations included in Chapter 4 of this Power Plan provide for sufficient resources to both 36 
facilitate the operations required for the protection and mitigation of fish and wildlife impacts of the 37 
hydropower system and ensure the region maintains an adequate, efficient, economical, and reliable 38 
power supply.  39 
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Chapter 3:   1 

Future Electricity Needs and New 2 

Resource Potential 3 

With Chapter 2 providing the foundation for where the system is today, Chapter 3 transitions to 4 
looking into the future. This chapter explains the Council’s approach to forecasting future electricity 5 
demand, the resulting power system needs from that forecasted growth, and the suite of potential 6 
new resources available to serve those needs. Because each piece of this is inherently uncertain, this 7 
chapter also discusses the Council’s approach to assessing that uncertainty in the Ninth Power Plan.  8 

Planning Under Uncertainty 9 

While the Council’s methodologies have evolved over time, one underlying principle has always been 10 
to plan under uncertainty. This approach has allowed the Council to develop recommendations to the 11 
region around new resource additions, recognizing the future is hard to predict, and seeking to 12 
minimize the cost and risk of adding new resources despite that uncertainty. Over the past several 13 
years, as part of implementing power plans, the Council has conducted annual studies. These studies 14 
allow the Council to continually assess this uncertainty by updating known factors and exploring 15 
implications of new dynamics. 16 

Practically every assumption used in power planning carries with it some uncertainty. For the Ninth 17 
Plan, the Council weighed the risk of being wrong on these assumptions, and then it developed a suite 18 
of “futures” and conducted scenario modeling on those priority factors that were most likely to have 19 
the largest impact on future system needs, costs, and reliability. In doing so, the Council sought to 20 
frame the questions broad enough, creating a large distribution of risk. This approach provided 21 
important insights to inform the recommendations included in Chapters 4 and 5 of this Plan. It also 22 
provides valuable analysis that the Council can leverage during its annual studies and mid-term 23 
assessment of the Plan to refine direction to the region and Bonneville, if needed. This section 24 
explains these approaches and the types of information captured by each.  25 

Futures 26 

The Council created a series of “futures” to represent uncertainty around several factors outside of 27 
the region’s control that could affect resource decisions. The uncertainties reflected in the Ninth Plan 28 
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futures are load growth, natural gas prices and potential for volatility in those prices, and the fuel 1 
availability for hydropower, solar, and wind.62  2 

Load Forecast 3 

The Power Act requires the Council to develop an electricity demand forecast for at least 20 years.63 4 
Knowing the exact amount of electricity required tomorrow is impossible, let alone forecasting a need 5 
20 years into the future. That’s why the Council has always assumed a range of potential load 6 
forecasts in its power planning. For the Ninth Plan, the Council developed five different load growth 7 
trajectories reflecting the uncertainty around the pace of load growth, as well as the size and shape of 8 
that growth. The details of this approach are discussed later in this chapter.  9 

Natural Gas Price Forecast 10 

Natural gas prices are an important input for power planning. Not only do they inform the price of 11 
operating natural gas power plants, but since natural gas plants are often the resource on the margin, 12 
gas prices have a large impact on electricity prices.64 Similar to load growth, trying to predict gas 13 
prices a year from now is  a challenge, let alone modeling them 20 years into the future. The Council 14 
developed its price forecast for natural gas based on industry data and stakeholder feedback. The 15 
forecast includes a low, medium, and high forecast to reflect the uncertainty around future prices (see 16 
Figure 3 - 1).65  17 

 

 
62 The Council accounts for fuel availability of different resources. For hydropower, the fuel is water running down the river, 
which can vary year to year with different conditions. For wind power, the fuel is wind, which can vary throughout the day, 
month, or year. For solar, the fuel is the sunshine.  
63 Northwest Power Act, Section 4(e)(3)(D). 
64 A resource that is “on the margin” is the next resource to come online to meet load. The cost of that next resource then 
as a direct connection to the market price for electricity.  
65 More information on the development of the natural gas price forecast is captured in Technical Appendix E – Thermal 
Fuels Forecast.  
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Figure 3 - 1: Natural Gas Price Forecast Range for Henry Hub 1 

 2 

As seen in Figure 3 - 1, the price of natural gas is not stable year by year. One-off events can cause 3 
spikes in natural gas prices. Examples of events from recent years include a pipeline rupture in 4 
Canada and a low gas-storage event that coincided with a western pipeline outage. Recognizing that it 5 
is not feasible to predict when a natural gas price spike might occur, the Council created ten futures 6 
informed by these past events that capture volatility and assigns it randomly to future years.66 7 
Additionally, there is a price adder built into the forecast to reflect western liquified natural gas export 8 
facilities coming online in the late 2020s. The three gas price trajectories combined with these ten 9 
volatility pathways result in 30 unique gas price futures used in the Ninth Plan. 10 

Hydro, Wind, and Solar Fuel Availability 11 

Because hydropower is the dominant resource in the region, the Council has always modeled a range 12 
of different streamflow conditions. For the Ninth Plan, the Council used data from three different 13 
climate models that forecast future weather and streamflow conditions.67 From this, the Council 14 

 

 
66 Technical Appendix E – Thermal Fuels Forecast captures more detail on the approach to creating volatility futures.  
67 The climate models were developed as part of the Intergovernmental Panel on Climate Change’s Figh Assessment 
Report. The Council selected three of these models that had been downscaled by the River Management Join Operating 
Committee to provide more granularity for the Pacific Northwest. For tracking, the Council has labeled these options A, C, 
and G, from the initial suite of 19 models. More information on the models themselves, the Council’s selection of models, 
and the use of those in the Ninth Plan is detailed in Technical Appendix D – Climate Model Data and Assumptions.   
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developed 90 different sets of hydro conditions, capturing variability in the timing and amount of 1 
streamflow throughout the system. 2 

To ensure consistency across assumptions, the Council also used temperature data from these 3 
models to develop a suite of different wind and solar profiles. A portion of fuel availability for both 4 
wind and solar is connected to temperature. Wind availability is generally lower when temperatures 5 
become more extreme. This is true for warmer and colder extremes. For solar, the efficiency of a solar 6 
panel decreases as temperatures become hotter.68 The Council’s profiles capture this relationship, 7 
resulting in a suite of 90 different wind and solar profiles that are paired with the 90 different hydro 8 
conditions described above.   9 

Sampling Futures 10 

Collectively, the different load forecast trajectories, natural gas price pathways, streamflows, and 11 
renewable resource profiles resulted in 13,500 different combinations of future conditions. Modeling 12 
all 13,500 combinations would be impractical. Therefore, the Council developed a methodology to 13 
evenly sample from the suite of combinations by creating ten different futures for each year modeled, 14 
which collectively capture the range of uncertainty.  15 

The ten futures were first built by sampling the annual net load in different futures. Net load is the total 16 
annual energy load minus the total annual energy generated from existing hydroelectric, wind, solar, 17 
and other renewable resources. This is used as a proxy for economic risk, since years with higher net 18 
loads require more thermal generation or imports, and thus have more exposure to commodity prices. 19 
For the net load sampling, the futures were ranked by 10-percentile bins, and each of the ten futures 20 
has a net load from a different bin. A similar approach was used for sampling from hydro generation, 21 
ranking the generation for each of the 90 pathways, grouping them into 10-percentile bins, and 22 
selecting one from each bin. For loads, natural gas prices, gas price volatility, and the climate futures, 23 
the Council sampled evenly (or as evenly as possible) for each future.69  24 

Table 3 - 1: Future Sampling Approach 25 

Uncertainty Pathways Sampling Approach 

Load forecasts 5 2 from each pathway 

Natural gas prices 3 3 each from low and high, 4 from medium 

Natural gas price volatility 10 1 from each pathway 

 

 
68 When temperatures are lower in the colder months, there is also less solar availability. This is due to location of the sun 
and other factors. The Council also accounts for seasonal differences, such as this, in the availability of all resources. 
69 Technical Appendix K – Modeling Framework provides more detail on the sampling approach to selecting futures for 
modeling years.  
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Uncertainty Pathways Sampling Approach 

Climate models 3 3 from models C and G, 4 from model A70 

Hydro generation 90 1 from each 10-percentile bin 

Net load futures 450 1 from each 10-percentile bin  

Scenarios and Related Sensitivities 1 

Most of the Council’s analysis assumes a static set of assumptions around the existing system and 2 
future resource cost and availability. The use of scenarios, and related sensitivities, allows the 3 
Council to ask one-off specific questions in the analysis that can shift these otherwise static 4 
assumptions to explore areas of uncertainty.  5 

The Council represents the existing system as described in Chapter 2. This includes capturing the 6 
generation and transmission that is available today, existing policies, and the current hydro 7 
operations. For the Ninth Plan, the hydro operations included the operations to mitigate and protect 8 
fish and wildlife as defined in the Council’s Draft 2026 Columbia River Basin Fish and Wildlife 9 
Program.71 For new resources, the Council develops its best assumptions for future cost and 10 
availability, based on available data and expert insight. The Ninth Plan scenarios explore a range of 11 
uncertainty around these assumptions. Specifically, the scenarios assess how new resources are 12 
added to the system under a range of hydro operations for fish and wildlife, varying timelines and cost 13 
for new resource potential, and different transmission system buildouts.  14 

New Resource and Transmission Risk 15 

The Council’s power plans have often included scenarios that explore how resource decisions change 16 
with fluctuations in the availability (or pace) of potential resource development. Historically, much of 17 
this analysis focused on the pace of demand-side resource development, particularly conservation. 18 
As the Council embarked on the preparation and development of the Ninth Power Plan, entities 19 
throughout the region expressed concern regarding the availability of a wide range of resources. The 20 
worldwide Covid-19 pandemic caused supply chain challenges for many goods, including materials 21 
needed for the development of new resources. This coincided with a period of increased demand for 22 
new resources across the globe, and the concern that these supply chain challenges would persist in 23 
the years to come. The Council is also aware of the concerns regarding new resource development, 24 
including permitting hurdles and interconnection queue timelines, which could make supply side 25 

 

 
70 Of the three models, Climate Model A shows more of a warming trend, as it was selected because of its representation 
of warmer winters and summers. Climate Model G shows less of a worming trend than either of the other models, also 
leading to relatively lower winter hydro generation (with more precipitation captured as snow) and relatively higher 
summer generation. Climate Model C shows higher winter hydro generation and lower summer hydro generation than the 
other models.  
71 Current operations are also defined by the biological opinions, current Water Management Plan, current Fish Operations 
Plan, Columbia River Treaty, and other documents that define how the projects in the Columbia River Basin are operated. 
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resource acquisition slower and more expensive. Lastly, as discussed in Chapter 2, the region 1 
recognized the need for new transmission development. After experiencing challenges developing 2 
transmission in the region, several entities expressed concern about the ability to build sufficient 3 
levels of transmission to help bring remote resources to serve load.  4 

The Council scoped the New Resource and Transmission Risk scenario to explore these areas of 5 
uncertainty. The scenario includes nine different sensitivities that test different aspects of resource or 6 
transmission availability. See Table 3 - 2 for more information on the sensitivities included in this 7 
scenario.72 8 

Table 3 - 2: New Resource and Transmission Risk Scenario Scope 9 

Sensitivity Description 

Constrained Resources 
and Transmission 

Constrains supply-side resources in the near-term (first 6 years), limits 
transmission to the existing system, and delays emerging technologies by 10 
years. Sensitivity will inform how the region maintains adequacy when the 
whole system is constrained on the supply-side. 

Changing Transmission 
Availability 

Includes three sensitivities with different levels of transmission development: 
existing transmission, transmission consistent with the WestTEC 10-year study, 
and additional transmission. Sensitivities will inform how resource decisions 
change with more or less transmission availability.73   

Changing Emerging 
Technology Costs 

Includes two sensitivities with different cost assumptions for emerging 
technologies: 25% lower costs and 50% higher costs. Sensitivities will provide 
insight on at what costs different emerging technologies might provide value to 
the system.  

Limited Short-Duration 
Storage Availability 

Constrains the availability of short-duration (lithium ion) battery storage in the 
near-term (first 6 years). Sensitivity will provide insights on the potential value of 
short-duration storage to the region and how the region will maintain adequacy 
if that resource is not available.  

Slower Demand-Side 
Availability 

Slows down the pace of potential demand-side resource acquisition, including 
conservation, demand response, and rooftop solar. Sensitivity will provide 
insights on how the system maintains adequacy if less demand-side resources 
are available in the near-term.  

Evolving Federal Policy 
Landscape 

Assumes a change in federal policy in 2030, shifting to policies similar to Biden-
era policies. Sensitivity provides insights on how resource decisions change in 
the region with changes in policies at the federal level. 

 

 
72 The specific details of the assumptions behind each of these sensitivities is described in Technical Appendix N – 
Scenario Modeling and Results. 
73 WestTEC is the Western Transmission Expansion Coalition, a west-wide voluntary effort to conduct long-term 
transmission planning for the west. The 10-year study is available at: 
https://www.westernpowerpool.org/about/programs/western-transmission-expansion-coalition.  

https://www.westernpowerpool.org/about/programs/western-transmission-expansion-coalition
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Changing Hydro Operations 1 

In the early stages of developing the Ninth Plan, the Council anticipated the need to analyze the 2 
intersection between hydropower operations and new resource development. The Council’s 2021 3 
Power Plan identified a new tension with hydropower operations and the daily flexibility of the system. 4 
As discussed in Chapter 2, the Council’s Columbia River Basin Fish and Wildlife Program has long 5 
included measures seeking to reduce the daily flow fluctuations of the system to benefit the migration 6 
of juvenile fish. At the same time, the Council’s power planning analysis has shown value in ramping 7 
the system on a daily basis to support power system needs and the integration of new renewable 8 
resources in the region. The Council planned a scenario to explore the trade-offs in this flexibility.  9 

Additionally, the Ninth Plan was developed at a time of high uncertainty around future hydropower 10 
operations, particularly those operations designed to protect and mitigate for the impacts on fish and 11 
wildlife. In June 2025, President Trump issued a Presidential Memorandum withdrawing from the 12 
2023 Resilient Columbia Basin Agreement, which had established a set of operations for fish that was 13 
expected to continue for ten years.74 Withdrawing from the agreement created uncertainty not just for 14 
long-term operations, but also for the near-term 2026 operations. At the same time, the Council was 15 
in the process of developing the 2026 Columbia River Basin Fish and Wildlife Program, which 16 
included recommendations for hydropower operations. The Council also received public comments 17 
on the recommended operations during its amendment process.  18 

In August 2025, the Council scoped four sensitivities for this scenario. The purpose was to reflect the 19 
uncertainty around future operations, while also providing insights to inform the ongoing amendment 20 
process. These operations are distinct from those assumed in the New Resource and Transmission 21 
scenario, which assumes the operations of the Draft 2026 Columbia River Basin Fish and Wildlife 22 
Program.75 The specific sensitivities are described in Table 3 - 3.76 23 

 

 
74 In December 2023, the U.S. Government released a set of commitments in partnership with the Nez Perce Tribe, 
Confederated Tribes and Bands of the Yakama Nation, the Confederated Tribes of the Warm Springs Reservation of 
Oregon, the Confederated Tribes of the Umatilla Indian Reservation, and the States of Oregon and Washington. These 
commitments included a range of actions related to fish and wildlife and power planning, that ultimately resulted in a 10-
year stay in the long-standing National Wildlife Federation et al v. National Marine Fisheries et al litigation.  
75 The Council conducted much of the early modeling for the Changing Hydro Operations scenario first, with a goal of 
informing both the Council’s Fish and Wildlife Program and power planning processes. This timing also allowed the 
Council to update the GENESYS model to reflect the operations in the Draft 2026 Fish and Wildlife Program in advance of 
the necessarily modeling for the New Resource and Transmission Risk scenario. The intent was to ensure a suite of 
modeling results that provided for adequacy based on the draft operations.  
76 The specific details of these operations, including assumed spill levels, elevations, and other assumptions is captured in 
Technical Appendix N – Scenario Modeling and Results. 
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Table 3 - 3: Changing Hydro Operations Scenario Scope 1 

Sensitivity Description 

2020 BiOp Flex Spill 
Operation 

Assumes the operations based on the 2020 Columbia River System Operations 
Environmental Impact Statement. This sensitivity was intended to provide one 
end of the bounds for potential 2026 operations, based on the assumption that 
legally, until another agreement was in place, the system should revert to these 
operations.  

2023 RCBA Operations Assumes the operations as defined in the 2023 Resilient Columbia Basin 
Agreement. This sensitivity was intended to provide an alternative set of 
operations with a focus on steady spill throughout the spring, acting as a 
potential bookend to the range of uncertainty round 2026 operations. 

Recommended Spill and 
MOP Targets 

Analyzed specific minimum operating pool elevations and limits and spill 
operations, as recommended by some of the states and tribes in the Fish and 
Wildlife Program amendment process. This sensitivity was intended to provide 
insights on potential hydropower system impacts of those specific 
recommendations. 

Limited Flex Operation Analyzed limitations of the hydro system’s ability to change daily elevations and 
outflows at the lower Columbia and lower Snake River projects. This was 
intended to inform about the hydropower system implications of limiting the 
daily flexibility of the system.  

Electricity Demand Forecast 2 

Electricity demand growth is a key driver of future resource needs. Under the Northwest Power Act, 3 
the Council is required to develop and include “a demand forecast of at least twenty years…”.77 The 4 
Council’s forecast is both an early input into the planning process, as well as a final output. As an 5 
input, the Council creates a 20-year forecast of demand. This forecast explicitly excludes any new 6 
potential for demand-side resources, such as conservation, allowing the Council to identify the cost-7 
effective amounts of those resources later in the analysis.78  8 

The amount of electricity needed in the future is uncertain. The Ninth Plan demand forecast accounts 9 
for this uncertainty by developing forecast ranges across multiple sectors and then compiling those 10 
into a set of five distinct load growth pathways. For the first time, the Council forecasted this demand 11 
in 13 geographically distinct forecast zones.79 Because load growth is not uniform across the region, 12 

 

 
77 Northwest Power Act, Section 4(e)(3)(F). 
78 The Council uses the term “frozen efficiency forecast” for this early demand forecast input. The idea is that 
conservation, demand response, and rooftop solar are frozen based on current levels (existing stock or current market 
levels, depending on the resource). Later in the planning process, the Council will net out of the demand forecast the cost-
effective amount of these resources. This creates a final sales forecast, which is included in Chapter 4 of this Plan. 
79 These forecast zones are informed by the region’s balancing authorities.  
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this approach allows the Council to account for those nuances and develop a conservation and 1 
resource strategy that meets the diverse needs of the region.  2 

The final forecast is a compilation of several distinct forecasts, each with their own range of potential 3 
uncertainty. At the base is a residential, commercial, and industrial/agricultural forecast that focuses 4 
on economic conditions and changes over time. The Council also produced separate forecasts for 5 
data centers and high-tech loads, electric vehicles, and electrification of end-uses. This section 6 
provides an overview of the Council’s approach to forecasting electricity demand for the Ninth Power 7 
Plan. More information is provided in Technical Appendix F – Electricity Demand Forecast. 8 

Residential, Commercial and Industrial Forecast 9 

The core of the Council’s demand forecast is a forecast of demand for the residential, commercial, 10 
and industrial sectors. The agricultural sector is captured in this forecast as part of the industrial 11 
demand forecast. Key factors that inform the forecast for each of these sectors include recent 12 
demand trends, weather, and economics. The Council also uses sector specific information to 13 
provide more nuance when possible. The sections below describe key considerations for each of 14 
these sectors.  15 

Residential 16 

Multiple factors drive changes in electricity use in the residential sector. A core assumption is the 17 
number of households in the region, including a projection of how that might change over time as new 18 
housing is added or older homes are demolished. The Council relies on U.S. Census and other data to 19 
provide information on the existing housing stock and recent trends. This information, along with 20 
economic assumptions, guides forecasted growth over time. 21 

Most homes in this region are in Washington (53%) and Oregon (30%). Idaho, however, has 22 
experienced the greatest growth in recent years (see Figure 3 - 2). The Council’s forecast continues to 23 
assume greater growth in Idaho than in other states, but this growth dampens over the planning 24 
horizon (see Figure 3 - 3). 25 
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Figure 3 - 2: Housing Growth Rates from 2010-2025 1 

 2 

Figure 3 - 3: Forecasted Housing Growth Across in the Region 3 

 4 

Another key factor is the type of equipment in each home and the efficiency of that equipment. This is 5 
particularly important for heating and cooling systems and water heating units. Whether a home is 6 
heated with natural gas or electricity has an impact on that home’s overall electricity use. If the home 7 

0.0

0.5

1.0

1.5

2.0

2.5

3.0

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

An
nu

al
 G

ro
w

th
 R

at
e 

(%
)

ID MT OR WA Region

0.0%

0.5%

1.0%

1.5%

2.0%

2.5%

20
26

20
27

20
28

20
29

20
30

20
31

20
32

20
33

20
34

20
35

20
36

20
37

20
38

20
39

20
40

20
41

20
42

20
43

20
44

20
45

20
46

An
nu

al
 G

ro
w

th
 R

at
e 

(%
)

ID MT OR WA Region



DRAFT NINTH POWER PLAN 

 
FUTURE ELECTRICITY NEEDS AND NEW RESOURCE POTENTIAL · 55 

 

is heated with electricity, then information on the specific type of equipment helps to understand the 1 
overall demand placed on the system. The same is true for water heating. While most homes continue 2 
to use natural gas for heating, the region is seeing an uptick in electric heat pumps, resulting in an 3 
overall increase in electric demand. The region is also experiencing growth in cooling loads. In 2020, 4 
approximately 60% of homes had some form of cooling. The Council estimates this to increase to 5 
almost 75% by 2030. The Ninth Plan forecast accounts for these and other trends to forecast 6 
residential electricity needs over time.  7 

Commercial 8 

Like the residential sector, commercial electricity demand is a function of the building stock. This 9 
includes an understanding of the types of buildings in the region, as well as the type of equipment and 10 
efficiency of that equipment in these buildings.  11 

Similar to the residential sector, Washington has the highest total of commercial square footage 12 
(47%), followed by Oregon (37%). Over the past decade and a half, Montana and Idaho have 13 
experienced greater levels of growth in this sector, and the Council forecasts that the growth rate in 14 
those states will remain higher than in Oregon and Washington in the coming years (see Figure 3 - 4). 15 

Figure 3 - 4: Forecasted Commercial Building Square Footage 10-Year Growth Rate 16 

 17 

Industrial 18 

Industrial demand is estimated for each industrial sector, including agricultural, wood, paper, 19 
aluminum, machinery, etc. The demand is a function of the energy intensity of that sector and 20 
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economic factors affecting employment in the sector. The forecast for each of these sectors is 1 
combined with the others to produce an overall industrial demand forecast. 2 

Combined Forecast 3 

Collectively, the residential, commercial, and industrial forecasts make up the base economic 4 
forecast. The Council developed two of these forecasts to reflect a range of potential economic 5 
growth. The higher case reflects data from S&P Global Market Intelligence Long-Term Annual Report. 6 
This provided a benchmark economic forecast to inform assumptions around population, household 7 
size, employment, gross state product, and more. The lower case reduces the growth rate for these 8 
factors on an annual basis. Together, these provide a range in potential growth driven by economic 9 
factors.  10 

Figure 3 - 5: Forecast Range for Residential, Commercial, and Industrial Sectors 11 

 12 

Data Centers and High-Tech 13 

Data centers and chip fabricators have the potential to add significant amounts of demand to the 14 
power system. Both industries have existed in the Northwest for decades, but there has been an 15 
increase in development in recent years driven in part by advancements in artificial intelligence. These 16 
large loads present a unique challenge in forecasting future demand. Unlike most load sources, the 17 
constraint on technology sector growth may be due to infrastructure needs, construction timelines, 18 
permitting, and supporting power infrastructure and supply, among other factors. 19 

Due to the significant uncertainty in technology load growth, the Council developed three different 20 
forecasts incremental to 2024 loads. Since technology loads are not located in all parts of the region, 21 
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the Council concentrated future projections in areas with current technology loads or announced 1 
planned loads. The Council relied on information from utilities and data on historical loads from the 2 
U.S. Energy Information Administration. The low forecast represents the lower estimates from utility 3 
integrated resource plans when available, a slower pace of historical growth, or a 60% dampening of 4 
expected new load. The medium forecast assumes that technology load will continue to arrive at the 5 
same magnitude as in the past four years, or that 80% of the utility forecasted load will materialize (for 6 
jurisdictions without historical technology demand). The high forecast uses utility forecasts for 7 
demand with the assumption that all announced projects will arrive on schedule. All three trajectories 8 
suggest potential for rapid growth in the near-term, but declining growth after 2030 as uncertainty 9 
increases. 10 

Figure 3 - 6: Forecast Range for Data Center and other High-Tech Demand 11 

 12 

Electric Vehicles 13 

Electric cars, vans, trucks, and buses are a relatively recent and rapidly growing electric end-use. The 14 
growth in this sector has the potential to impact power system needs in multiple ways. As more 15 
consumers purchase electric vehicles, overall energy demand will increase. The timing of charging 16 
also matters. Residents coming home from work and charging their cars at the same time can 17 
significantly increase the amount of electricity needed for that period. Furthermore, if those same 18 
vehicles are concentrated in a specific location on the grid, such as an urban center, there can be 19 
significant constraints placed on local infrastructure. 20 

The number of electric vehicles in the states of Oregon and Washington have more than doubled in 21 
recent years, and Idaho and Montana have also seen significant growth in this time. Further, Oregon 22 
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and Washington have adopted the California Clean Cars II rule, which requires 100% of new vehicle 1 
sales to be zero emission by 2035. The Council’s forecast assumes significant growth to continue in 2 
this sector over the next 20 years. 3 

The Council developed a low and a high forecast for future electric vehicle demand. Both forecasts 4 
assume Oregon and Washington meet their policy goals of 100% new sales being zero emission by 5 
2035, but the low forecast assumes approximately 15% less demand for vehicles overall. Figure 3 - 7 6 
shows the Council’s Ninth Plan forecast for annual energy demand for electric vehicles. What is not 7 
well captured in this figure is the shape of that demand, driven by the timing of charging. Consistent 8 
with the Council’s overall approach to developing an early load forecast input, the Council assumes 9 
that there is no managed charging for these vehicles. In other words, consumers charge their cars 10 
whenever they choose. The Council’s forecast of demand response potential (discussed later in this 11 
chapter) includes products that manage the charging by shifting it to certain times. While these 12 
products will not change the overall annual energy demand for electric vehicles, they have the 13 
potential to reduce the overall peak impact on the system or reduce local system constraints.  14 

Figure 3 - 7: Forecast Range for Electric Vehicle Demand 15 

 16 

Other Electrification 17 

Driven by policy and consumer preference, the region is seeing the electrification of other end uses. 18 
This includes the electrification of buildings through the transition to electric heating, water heating, 19 
and appliances that were previously served with natural gas. It also includes potential electrification 20 
of other fuels or industries, such as in the industrial sector. The Ninth Plan includes two additional 21 
forecasts to account for that electrification. 22 
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Building Electrification 1 

The base residential, commercial, and industrial forecast as described above includes some level of 2 
building electrification driven by recent trends in the region. Recognizing the potential for greater levels 3 
of electrification, the Council developed a high building electrification forecast. This forecast assumes 4 
increased saturations of electric heating, water heating, and cooking equipment. The projected growth 5 
in this sector is concentrated in Washington and Oregon, aligning with state policies that seek to 6 
reduce greenhouse gas emissions. Because the annual energy consumption of these end uses varies 7 
with temperature, the final forecast assumes a range of impact informed by the Council’s three 8 
different climate models and associated temperatures. Figure 3 - 8 shows the Ninth Plan high building 9 
electrification forecast, including the temperature-dependent impacts on annual energy demand.  10 

Figure 3 - 8: Forecast of High Building Electrification 11 

 12 

Building electrification has the potential to add to the overall peak load of the system. The amount of 13 
additional peak demand varies year-to-year, driven by temperature and extreme weather events. 14 
Figure 3 - 9 shows the range of additional peak impact for the high building electrification forecast, 15 
with the variance driven by the differences in the climate model data. For example, in 2037, one of the 16 
climate models has a set of multiple extremely cold days in a row. In this specific case, the increase in 17 
electric heating has the potential to not only add significantly to the overall system peak, but to also 18 
shift the peak from evening to morning as more heating is required to warm homes in the morning.   19 
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Figure 3 - 9: Forecast of High Building Electrification Peak Impact 1 

 2 

Industrial Electrification 3 

The Council also developed a forecast for hydrogen generated by electricity for use in non-power 4 
applications. This includes hydrogen used for transportation, liquid fuels, and industrial applications 5 
such as refining or high-heat applications. Currently, most hydrogen is produced with natural gas. 6 
With policies seeking to reduce greenhouse gas emissions, there is an interest in developing clean 7 
hydrogen by using carbon-free resources, including hydropower, wind, and solar, as well as interest in 8 
lower-carbon hydrogen using natural gas with carbon capture and sequestration. Since clean 9 
hydrogen does not exist at scale today, the future demand forecast for this end use has high 10 
uncertainty. The Council developed a wide range for this forecast, based on data from the 2023 U.S. 11 
Department of Energy Clean Hydrogen Strategy and Roadmap and data from the Pacific Northwest 12 
Hydrogen Hub.80 More details on this forecast is available in Technical Appendix F – Electricity 13 
Demand Forecast.  14 

 

 
80 The Pacific Northwest Hydrogen Hub is a project that is estimated to include eight potential project nodes and produce 
an estimated 300-400 tons of hydrogen per day.  
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Figure 3 - 10: Forecast Range for Industrial Electrification 1 

 2 

The Pacific Northwest Hydrogen Hub was relying on up to $1 billion in federal funds. In October 2025, 3 
the Trump Administration canceled that funding, making its path forward less clear. Despite the 4 
uncertainty regarding the future of this technology, the hydrogen forecast is included in the Ninth Plan 5 
to represent a proxy for general industrial and medium/heavy transportation electrification. Both 6 
hydrogen production and industrial/heavy transport electrification represent potential increases in 7 
annual energy demand. Both loads also have the potential to be curtailed during times of significant 8 
system need and are modeled as curtailable loads in the Ninth Plan.   9 

Projected Loads 10 

The final Ninth Plan demand forecast trajectories combined different pathways for the forecasts 11 
described above. The Council sought a range that reflected variability in the overall size of projected 12 
load growth, the pace of that growth (i.e., whether it is concentrated to early years in the planning 13 
horizon or later years), and the overall shape of that growth. The Council ultimately developed five 14 
different pathways based on each of these factors, as described in Table 3 - 4. 15 

Table 3 - 4: Ninth Plan Demand Forecast Pathways 16 

Description 
Economic 

(Res/Com/Ind) Data Center Transportation 
Building 

Electrification 
Hydrogen 

Production 

High Growth Higher High Higher Higher Higher 

Low Growth Lower Low Lower Lower Lower 

Early Growth Higher High Lower Lower Lower 
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Description 
Economic 

(Res/Com/Ind) Data Center Transportation 
Building 

Electrification 
Hydrogen 

Production 

Late Growth Higher Medium Higher Higher Higher 

Mixed Bag Higher Medium Higher Lower Lower 

 1 

Figure 3 - 11 shows the energy forecast for each of these pathways. The solid line captures the 2 
minimum forecast for that pathway, and the dashed line captures the maximum. The variance 3 
between the minimum and maximum is driven by different temperatures across the climate models. 4 
While small in terms of annual energy, the different climate models cause significant differences in 5 
the overall peak demand forecasts.  6 

Figure 3 - 11: Ninth Plan Demand Forecast, by Pathway 7 

 8 

The final Ninth Plan forecast shows significant uncertainty around future load growth. From the energy 9 
side, the Council forecasts the potential for loads to grow to over 40,000 average megawatts, as soon 10 
as the early 2040s in a high-growth trajectory. That would roughly double the size of today’s demand. 11 
Even at the lower end, as represented by the low growth pathway, the Council still forecasts load to 12 
grow to around 30,000 average megawatts regionwide by the end of the 20 years.  13 

The Council also anticipates significant growth in the system’s peak requirements. Particularly 14 
pathways with high forecasted transportation loads, such as the high growth and late growth 15 
trajectories, are likely to drive future system peaks. These peaks are also weather sensitive. The 16 
variability seen year to year in the forecast stems from the variability in the underlying climate model 17 
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data informing loads. Figure 3 - 12 shows the full range of both energy and peak forecasts for the Ninth 1 
Plan period.  2 

Figure 3 - 12: Ninth Plan Demand Forecast, Annual Energy and Peaks 3 

 4 

New Resource Needs 5 

Based on an understanding of the capabilities of the existing system and the projected future 6 
electricity demand, the Council developed an assessment of need. This study provides context on the 7 
size and shape of the gap between where the system is today, and where the system needs to be in 8 
the future to support projected load growth. This information guides future stages of modeling, 9 
ensuring that the resources selected meet the Council’s standards for adequacy. This section 10 
describes the Council’s adequacy criteria and the needs assessment results for the Ninth Plan. More 11 
information on the needs assessment is included in Technical Appendix M – Needs Assessment 12 
Results. 13 

Council’s Adequacy Criteria 14 

One of the key purposes of the Northwest Power Act is to assure the region an adequate, efficient, 15 
economical, and reliable power supply.81 Over the years, the Council has developed and refined its 16 
approach to determining power system adequacy. Historically, the main risks to the system were 17 

 

 
81 Northwest Power Act, Section 2(2). 
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periods when there was low water, and therefore low hydropower production, happening at the same 1 
time as high electricity demand. With the addition of more variable energy resources into the system, 2 
along with the electrification of loads that often have specific timing impacts on the system, there are 3 
more potential risks for system adequacy today.  4 

In 2023, the Council transitioned to a multiple-metric approach for assessing adequacy. This 5 
approach relies on the Council’s GENESYS model, which evaluates the system across a range of 6 
conditions and identifies periods when the modeled resource generation cannot meet system 7 
demand, called shortfall events.82 The Council then assesses these events across a suite of different 8 
metrics. For each metric, the Council has set a threshold limit connected to the specific risk the 9 
region wants to protect against. These limits were developed over multiple years working with experts 10 
across the region and beyond.   11 

Core to assessing adequacy is the frequency of events. The Council has always had a metric to 12 
assess and protect against frequent use of emergency resources.83 Under this new multi-metric 13 
approach to adequacy, the Council uses a frequency metric called loss of load event (or LOLEV). The 14 
Council assesses frequency for the summer and winter seasons, as well as looking at the system on 15 
an annual basis. The threshold is set to not exceed an average of one in ten years for each summer or 16 
winter, or not to exceed an average of one in five years annually. In addition to frequency, the 17 
Council’s metrics are designed to protect against events that are too long or too large. For this, the 18 
Council established three different metrics that look at the tail-end risk from the range of simulation 19 
results. This is intended to ensure that for 39 out of 40 years, events are not too long (do not exceed 8 20 
hours) or too big (do not exceed 1,200 megawatts or 9,600 megawatt-hours). Combined, these 21 
metrics ensure that there are enough resources to meet load. An adequate system means the model 22 
does not see shortfalls that are too frequent, and when they do occur, they are not too long or too 23 
large in magnitude.84  24 

Power System Needs  25 

For the Ninth Plan, the Council conducted needs assessments for every sensitivity that had different 26 
assumptions around the capabilities of the existing system. This resulted in a single needs 27 
assessment for the sensitivities included in the New Resource and Transmission Risk scenario, 28 
because all those sensitivities assume the same existing system conditions. The Council conducted 29 
four separate needs assessments for the Changing Hydro Operations scenario, since the varying 30 

 

 
82 The Council’s uses its GENESYS model to capture information on resource adequacy and understand hydropower 
system operations. More information is available on the Council’s webpage: https://www.nwcouncil.org/energy/energy-
advisory-committees/system-analysis-advisory-committee/genesys--generation-evaluation-system-model.    
83 Emergency measures cover a range of potential actions the region could take to avoid blackouts. This includes things 
like curtailing loads, using back-up generators, purchasing high price market sales, official calls for conservation, and 
curtailing fish and wildlife hydro operations. 
84 More information on the Council’s multiple metric approach to adequacy is available on the Council’s website: 
https://www.nwcouncil.org/energy/energy-topics/resource-adequacy and in Technical Appendix M – Needs Assessment 
Results. 

https://www.nwcouncil.org/energy/energy-advisory-committees/system-analysis-advisory-committee/genesys--generation-evaluation-system-model/
https://www.nwcouncil.org/energy/energy-advisory-committees/system-analysis-advisory-committee/genesys--generation-evaluation-system-model/
https://www.nwcouncil.org/energy/energy-topics/resource-adequacy/
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requirements for hydropower across those sensitivities impacts the potential output of the existing 1 
system.  2 

The needs assessment focused on assessing the requirements in 2031. This 2031 date represents a 3 
time near the end of the Ninth Plan’s five-year action plan period, where there is enough of a change in 4 
load growth to provide insight on future needs, but is not so far into the future that the cumulative 5 
uncertainty around future demand and existing system capabilities would be too large to provide 6 
useful guidance for near-term decisions. Rather than assessing the needs across the full range of 7 
potential load growth, the Council used the high growth pathway (described above) for this 8 
assessment. This ensured that the information about needs passed to the later stages of modeling 9 
was correctly capturing the risk of these potential futures.   10 

The results of this analysis show a significant gap between where the system is today and where it 11 
needs to be in the future. This is driven by the forecasted growth in loads. This result is consistent 12 
across all sensitivities, regardless of the assumed differences in hydropower operations. There is a 13 
need to develop resources for capacity, with modeling showing large events with high peak needs 14 
across all months of the year. There is also a need to develop resources for energy, particularly to 15 
meet winter and summer energy demands. While the system is constrained throughout the years, the 16 
biggest challenges occur in winter. Based on the electricity forecasts described above, these results 17 
are unsurprising. The Council’s recommendations for meeting these demands are detailed in the 18 
Ninth Plan Action Plan (Chapter 4).  19 

While the need is informed by the adequacy metrics described above, it is not defined in terms of 20 
missing nameplate capacity. Rather, it is translated to a planning reserve margin for capacity (see 21 
Figure 3 - 13) and an adequacy reserve margin for energy (see Figure 3 - 14). These reserve margins 22 
act as a percentage above load that the region’s resources should satisfy to account for adequacy in 23 
extreme load and temperature conditions. In other words, enough new resources must be added to 24 
the system to meet loads, as well as these planning reserve margins. More detail on the development 25 
of these reserve margins and the overall needs assessment approach is in Technical Appendix M – 26 
Needs Assessment Results.  27 
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Figure 3 - 13: Ninth Plan Planning Reserve Margins 1 

 2 

Figure 3 - 14: Ninth Plan Adequacy Reserve Margins 3 
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New Resource Potential 1 

Many of the Northwest Power Act provisions regarding power planning focus on the Council’s role for 2 
guiding new conservation and generating resource development. These resources must support a 3 
variety of system needs. This includes meeting or reducing Bonneville’s obligations for power sales 4 
and assisting Bonneville in implementing the fish and wildlife program operations. It also requires 5 
ensuring the regional power system maintains adequacy, meeting both energy and peak needs 6 
throughout the years. The Council’s strategy must also give “due consideration” for environmental 7 
quality, compatibility with the existing system, and the protection of fish and wildlife.85 All of this 8 
requires an understanding of the capabilities of new resources, including how much power they 9 
deliver (or reduce), the availability of that delivery, and the pace at which that resource can be 10 
acquired. 11 

The Power Act also places emphasis on the cost comparison between resources by requiring the 12 
prioritization of cost-effective resources.86 This means that those resources that can reliably provide 13 
power at a lower cost than a similarly available and reliable resource must be prioritized. The Power 14 
Act outlines what costs to consider, focusing on the total direct costs of a resource over its effective 15 
lifetime, regardless of who pays the cost. The cost consideration must also include directly 16 
attributable environmental costs and benefits as outlined in a methodology to be included in the 17 
Council’s power plan.87 18 

This next section outlines the Council’s approach to assessing and estimating new resource potential. 19 
This includes a high-level description of new resource options considered, and the Council’s 20 
approach to capturing the important attributes around cost, availability, and power system 21 
contribution. It also includes the quantification of environmental costs and benefits included in those 22 
costs, and the qualitative treatment of environmental costs where needed.  23 

Methodology for Quantifiable Environmental Costs and Benefits 24 

Before discussing resource options, potential, and costs more comprehensively, the Power Act 25 
directs the Council to develop a methodology to determine and apply quantifiable environmental 26 
costs and benefits that are directly attributable to a resource. The Power Act does not define the 27 
terms environmental, quantifiable, or directly attributable. The Council defines these terms when 28 
developing this methodology. The Council’s methodology considers four different categories for 29 
whether and how to apply potential environmental costs and benefits.88 This includes: 30 

 

 
85 Northwest Power Act, Section 4(e)(2). 
86 Ibid., Section 4(e)(1). 
87 Ibid., Section 3(4). 
88 The full methodology is detailed in Technical Appendix C – Methodology for Quantifiable Environmental Costs and 
Benefits. 
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1. Cost of compliance with existing environmental regulations,  1 

2. Cost of compliance with proposed environmental regulations,  2 

3. Quantification of environmental effects beyond regulatory control, including residual damages 3 
that are regulated but not entirely eliminated and unregulated damages, and 4 

4. Quantification of environmental benefits.  5 

The primary mechanism for quantifying environmental impacts is through the first category, 6 
compliance with existing environmental regulations. The Council’s power planning assumes that all 7 
new resources will meet existing environmental regulations. The estimated cost of compliance with 8 
those regulations is included in the total cost assumed for the new resource. This includes the cost of 9 
compliance for addressing emissions regulated by the Clean Air Act, water discharges regulated by 10 
the Clean Water Act, solid waste such as chemicals in decommissioned solar panels, and costs of 11 
environmental compliance in the siting and construction of new resources. The Council considers 12 
additional costs for proposed environmental regulations on a case-by-case basis. For the Ninth 13 
Power Plan, there were no relevant proposed regulations to consider.  14 

Environmental effects beyond those under regulatory control include residual effects (such as 15 
emissions beyond the regulatory limit) and unregulated effects not covered by explicit regulation. 16 
Emissions are the key environmental effect that fall into this category. As discussed in Chapter 2, 17 
there is a patchwork of policy around emission regulation, with significant shifts occurring recently at 18 
the federal level. In the Ninth Plan, the Council does not explicitly include any costs to new resources 19 
for these unregulated effects. Rather, the Council considers these effects through the implementation 20 
of existing state policies, including those aimed at emission reduction. For example, the models are 21 
guided by the clean policy requirements in Washington and Oregon, as well as voluntary utility and 22 
municipality goals in other states. The Council also applies the social cost of carbon to emissions in 23 
Washington, consistent with their Clean Energy Transformation Act that requires utilities to use the 24 
social cost of carbon in their resource planning.  25 

The final category, environmental benefits, are challenging to quantify. There is a lack of data to 26 
support symmetric treatment across all resources. Additionally, an environmental benefit often 27 
displaces an environmental cost that would have already been accounted for in the previously 28 
described process. For example, the air quality improvement of building a wind farm over a coal plant 29 
has been accounted for by avoiding the compliance cost of the coal plant. Adding a monetary benefit 30 
to the wind farm on top of that avoided cost would result in double-counting. For the Ninth Plan, the 31 
one environmental benefit accounted for is water savings from conservation measures. This is a 32 
distinct benefit that can be quantified and does not run the risk of double counting.  33 

As noted above, the Power Act also requires that the Council give “due consideration” to 34 
environmental quality and fish and wildlife concerns. These are broader than those considerations 35 
that fit within the methodology defined above, in part because the considerations often cannot be 36 
quantified. One example is the inclusion of the Council’s Fish and Wildlife Program and the operations 37 
they entail. By planning under the assumption that these operations come into effect, the Council is 38 
ensuring that there are sufficient resources to meet power needs, while operating the system to 39 
benefit fish. Another example is compliance with the protected areas described in Chapter 2, which 40 
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means not recommending new hydro resources in those river reaches. The Council also models all 1 
existing energy regulations and voluntary goals, ensuring that new resource additions are meeting 2 
those policies. While the Council does not necessarily put a direct dollar value on these costs, they 3 
are still considered in assessment of new resources and the ultimate resource strategy included in 4 
the Council’s recommendations in Chapter 4 of this plan.89   5 

New Demand Side Resources 6 

Rather than generating power to be delivered to load, demand side resources directly reduce or shift 7 
the electricity demand of the consumer. This, in turn, has the potential to reduce the overall amount of 8 
energy required to serve the region’s needs. The three demand side resources included in the Ninth 9 
Plan analysis are conservation, demand response, and rooftop solar. The following section provides 10 
an overview of the potential for new demand side resources and the associated costs.  11 

Conservation Resources  12 

The Northwest Power Act defines conservation as “any reduction in electric power consumption as a 13 
result of increases in the efficiency of energy use, production, or distribution.”90 The Act requires that 14 
the Council consider conservation as a resource to meet future load growth alongside other 15 
resources. Technical Appendix H – Conservation Methodology and Potential provides more detail on 16 
the Council’s approach to assessing conservation potential for the Ninth Plan.  17 

For conservation, the Council develops supply curves to characterize the resource potential. The 18 
conservation supply curve is made up of thousands of individual conservation measures bundled 19 
together. On the residential side, this includes efficient appliances and electronics, upgrades to 20 
heating and cooling, water heating equipment, and options for vehicles. The commercial sector 21 
includes similar measures, as well as food preparation and refrigeration opportunities, efficient 22 
lighting, motors and drives, compressed air, and whole building energy management. The industrial 23 
sector potential includes advancements with fans, blowers and motors, pumps, refrigeration, and 24 
process improvements that conserve energy. Finally, the agricultural sector focuses on efficient 25 
irrigation, along with a handful of other measures. The Council also includes potential for distribution 26 
efficiency, such as voltage regulation, which can be operated as an “always on” conservation 27 
measure or deployed on an as needed basis like demand response. To avoid double-counting, this 28 
resource was assessed as part of the demand response potential discussed below.  29 

These supply curves include information on measure savings, timing of savings, lifetime costs, and 30 
overall availability of the resource. For savings, the Council relies heavily on its Regional Technical 31 
Forum, as well as other data sources from existing conservation programs, the U.S. Department of 32 

 

 
89 Technical Appendix B – Existing System Parameters and Policies details out the environmental effects of all supply side 
resources, including both existing resources and new potential resource options.  
90 Northwest Power Act, Section 3(3). 
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Energy, and other experts.91 The Council starts with a savings estimate for each individual measure. It 1 
then develops out a total technical achievable potential that accounts for the total number of 2 
potential applications in the region, the pace (or ramp rate) of being able to deliver that conservation, 3 
and a maximum achievability limit recognizing that not every household or business will adopt the 4 
conservation opportunity.    5 

On the cost side, the Council considers direct costs of the measure over its effective lifetime, 6 
regardless of who pays the cost. This includes the upfront capital cost of the measure, operations and 7 
maintenance costs, and costs (or savings) from reducing other fuels including wood, propane, or 8 
natural gas. The Council also accounts for the benefit of deferring some transmission and distribution 9 
costs and water saving benefits (where applicable). Finally, the Northwest Power Act directs the 10 
Council to give conservation a 10% cost advantage over other resources, which is then factored into 11 
the costs.92  12 

Like other resources, the conservation potential and value can vary in different parts of the region. For 13 
example, agricultural conservation is limited to those areas with significant agricultural loads. To 14 
address and explore these variances, the Council allocated the total regional potential to the 17 15 
different zones used for modeling.  16 

The Ninth Plan is the first of the Council’s power plans to include emerging technologies in the 17 
conservation supply curve for consideration across the bulk of the analysis. This reflects the fact that 18 
there is continual investment in new technologies that have the potential to further reduce energy 19 
consumption at various end uses. While not considered available and reliable in the near term, this 20 
analysis provides insight into the long-term potential for conservation. The Council developed proxy 21 
resources to represent the potential in the various sectors. These emerging opportunities include 22 
whole building performance options for commercial and residential buildings, advancements in 23 
industrial motors, advancements in distribution system efficiencies, and the potential for efficiency in 24 
the electric vehicle sector. Given the uncertainty of these technologies, the Council assumes they are 25 
not available until starting in year six (2032) of the power plan analysis. This ensures the early 26 
strategies do not overly rely on resources that may not yet be available and reliable. Figure 3 - 15 27 
shows the annual amount of conservation available in the Ninth Plan, split out between the existing 28 
technologies and the emerging potential. 29 

 

 
91 The Council’s Regional Technical Forum is an advisory committee to the Council chartered to develop consistent and 
reliable energy savings estimates for conservation measures.  
92 Northwest Power Act, Section 3(4)(D). 
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Figure 3 - 15: Ninth Plan Annual Incremental Conservation 1 

 2 

In total, the Ninth Plan identifies over 6,700 average megawatts of potential new conservation over 3 
the 20-year planning horizon. This includes approximately 2,500 average megawatts in the residential 4 
sector, 1,400 average megawatts in the commercial sector, 800 average megawatts in the industrial 5 
sector, and 60 average megawatts in the agricultural sector. This also includes the estimated 1,900 6 
average megawatts of emerging technologies. As shown in Figure 3 - 16, roughly 2,000 average 7 
megawatts of potential are available at a cost less than $60 per megawatt-hour in 2024 dollars. Most 8 
of the emerging technology potential is estimated to cost more than $150 per megawatt-hour in 2024 9 
dollars.  10 
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Figure 3 - 16: Ninth Plan Conservation Potential 1 

 2 

Demand Response 3 

Demand response allows utilities to adjust the electricity demand of consumers at specific times to 4 
help reduce the power demand on the system. This is either done through direct adjustments or 5 
through the price signals that encourage consumer behavior. The Ninth Plan includes a range of 6 
products covering a variety of end uses across sectors, including space heating and cooling, water 7 
heating, electric vehicle charging, agricultural irrigation, and other loads. Technical Appendix I – 8 
Demand Response Methodology and Potential provides more information on the specific products 9 
considered and the Council’s assumptions for each product.  10 

Like conservation, the Council developed a supply curve to estimate the potential for demand 11 
response products. The Council uses a bottom-up and a top-down methodology to get to the 12 
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costs for the demand response product, including those related to initial program set-up, equipment 20 
costs, ongoing operations and maintenance, and program marketing. Because these products shift 21 
and reduce load, the Council also accounts for the value of lost service which is based on the 22 
incentives provided to encourage the adoption of demand response. 23 
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The frequency of deploying (or dispatching) demand response varies by the type of product. Some 1 
products have relatively minimal impact on the consumer, allowing them to be dispatched frequently. 2 
This provides the benefit of allowing regular price mitigation and system flexibility. Examples of these 3 
products include electric vehicle charging programs and time-of-use rates. Other products more 4 
directly impact the consumer, and utilities limit their deployment to a designated number of events 5 
per year. Examples of these limited dispatch products are space heating and cooling controls and 6 
irrigation controls. Each product is also assigned a shape to represent the temporal characteristics of 7 
its deployment. This includes assumptions about event duration based on the enabling technology’s 8 
capabilities and the characteristics of existing programs, as well as timing of deployment targeting 9 
hours of peak energy usage. 10 

The Ninth Plan estimates close to 6,800 megawatts of demand response potential. Of this, 5,400 11 
megawatts are considered frequently dispatchable. The bulk of that represents potential from shifting 12 
the time of electric vehicle charging from periods of high system peak to off-peak times. Of the 13 
remaining potential, roughly 1,400 megawatts represent from limited dispatch demand response. The 14 
primary product in this category is heating and cooling controls, working with consumers to adjust 15 
their temperature set points for a few hours during times of high peak needs on the system.  16 

Figure 3 - 17: Ninth Plan Supply Curve of Frequent Dispatch Demand Response 17 
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Figure 3 - 18: Ninth Plan Potential of Limited Dispatch Demand Response 1 

 2 

Rooftop Solar 3 

The Ninth Power Plan is the first to explore the role of rooftop solar as a potential new resource to 4 
meet power system needs. As discussed in Chapter 2, while it is currently a smaller resource for the 5 
region, there has been growth in rooftop solar installations in recent years. To assess whether, and in 6 
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curve of potential new rooftop solar. Technical Appendix J – Rooftop Solar Methodology and Potential 8 
provides more detail on the development of the Ninth Plan supply curve. 9 

To estimate the total potential for rooftop solar additions in the region, the Council estimated the 10 
amount of rooftop available to solar, as well as factors around the assumed panel orientation, 11 
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solar potential, discussed later in this chapter. For costs, the Council assumed an average of $3.50 13 
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which is between $60-160 per megawatt-hour, with the rest costing greater than $160 per megawatt-15 
hour in 2024 dollars. 16 
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Figure 3 - 19: Ninth Plan Rooftop Solar Potential 1 

 2 
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the following categories: 17 
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• Financials: These components detail the costs of the resources over the operating life of the 1 
plant. This includes the upfront capital costs, fuel costs, and operations and maintenance 2 
costs (both fixed costs from routine maintenance and variable costs like consumables that 3 
are a function of power production). It also includes any costs for connecting the resource to 4 
the grid via transmission, and the quantifiable environmental costs described above. For many 5 
resources, the Council incorporates forward cost curves that reflect improvements in 6 
technology (in terms of performance and price) over the power plan period. These curves vary 7 
from resource to resource based on the maturity of that resource. For the Ninth Plan, the 8 
Council used conservative forward cost curves to reflect the current uncertainty around 9 
resource availability and costs in the near term.  10 

• Operating Characteristics: These define how the generating technology works. This includes 11 
information on the heat rate, capacity factor, and generation shape.  12 

• Developmental Potential: These components identify how the generating resource fits into 13 
the grid, including the location and the requirements for transmission and/or gas pipeline 14 
access. The Council also specifies the maximum buildout assumptions, which for most 15 
resources is limited to the physical constraints of the system.   16 

For each of these components, the Council uses a wide variety of publicly available data sources to 17 
inform assumptions. This includes manufacturer data, information from power purchase agreements 18 
or project-specific specifications, technical handbooks, reports from the U.S. Energy Information 19 
Association, the U.S. Department of Energy, national labs, and regional utility integrated resource 20 
plans. Where required, the Council varies assumptions to account for regional differences, like 21 
adjusting the capacity factors for renewable resources based on location.  22 

Primary Resources 23 

For assessing new generating resource options, the Council groups resources into one of three 24 
buckets. The first is primary resources, or generating resources that are deemed proven, 25 
commercially available, and deployable on a large scale in the region at the start of the power plan. 26 
The primary resources considered in the Ninth Plan are onshore wind, solar, battery storage, hybrid 27 
renewable and storage plants, and natural gas (including combined cycle and simple cycle 28 
technologies). The Council developed reference plants for each of the primary resources. 29 

Onshore Wind 30 

Wind power is a naturally occurring, renewable form of energy. Power plants are made up of individual 31 
turbines that harness and transform energy into electricity. As the wind blows, the turbine blades 32 
rotate. These blades are connected to a rotor, which is then connected to low- and high- speed 33 
shafts, that are then connected to a generator that produces electricity. The region currently has over 34 
13,000 megawatts of installed nameplate wind.  35 

One of the main considerations for wind development is location. Like other resources, wind can face 36 
challenges with siting constraints, land availability, potential community push back, and supply chain 37 
challenges. More unique to wind, however, is the difference in generation potential across the region 38 
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due to variability of the wind resource. To address this, the Council developed five different reference 1 
plants with different generation shapes to account for locational differences between potential wind 2 
resources. These wind zones are consistent with where the region has developed wind to date: 3 
Columbia River Gorge, Southwest Washington, Southern Idaho, Montana, and Wyoming. 4 

Figure 3 - 20: Onshore Wind Average Monthly Capacity Factors by Location 5 

 6 

The capital cost of onshore wind has declined by more than 50% since its peak in 2008.93 These 7 
trends have flattened in recent years, because the technology has matured and supply chain issues 8 
have slowed development. The Council assumes a capital cost of around $1,700 per kilowatt in 2024 9 
dollars, with an assumed decrease to below $1,500 per kilowatt in 2024 dollars by the end of the 20-10 
year power plan horizon. The Council varies these costs slightly between the locations defined above 11 
to account for differences in costs across the region.94 12 

Solar 13 

Solar power is a naturally occurring, renewable resource that converts energy from the sun into 14 
electricity. Solar photovoltaic (or solar PV) consists of photovoltaic cells assembled into models that 15 
are ground mounted on panels. These panels can either be fixed or can track in either one (single axis) 16 

 

 
93 Lawrence Berkely National Lab, 2024. Land-Based Wind Market Report, Executive Summary. https://eta-
publications.lbl.gov/sites/default/files/land-based_wind_market_report_2024_edition_executive_summary.pdf. 
94 The Council uses locational cost adjustment factors from the 2025 Energy Information Administration Energy Outlook. 
More detail is provided in Technical Appendix G – New Generating Resources. 
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or two (dual axis) directions. The region currently has around 2,400 nameplate megawatts of solar, 1 
with most of these utility scale systems being single axis tracking systems.  2 

Like wind, the location of solar is an important factor for this resource. Solar generation requires land. 3 
While the specific amount can vary based on project design and other considerations, a basic rule of 4 
thumb is that one megawatt capacity of solar requires around five to seven acres. Also, like wind, 5 
generation varies across the region. To address this variance, the Council developed three primary 6 
zones to reflect differences in the solar resource: Northwest (representing the areas west of the 7 
Cascade Mountains), Central (representing areas east of the Cascades in Oregon and Washington), 8 
and East (representing Idaho and Montana).  9 

Figure 3 - 21: Solar Capacity Factors by Location 10 

 11 
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the solar generation across that entire zone, the Council split each initial zone into two, creating six 1 
final solar zones.95 2 

The capital costs of solar have declined by around 75% since 2010, driven by improvements in the 3 
technology.96 For the Ninth Plan, the Council assumes a capital cost of around $1,500 per kilowatt in 4 
2024 dollars. These costs are anticipated to decline to around $900 per kilowatt in 2024 dollars by 5 
the end of the power plan period. Similar to the approach with wind, the Council has varied these cost 6 
assumptions for the different locations to account for differences across the region.  7 

In addition to the utility scale solar reference plant described above, the Ninth Plan included a 8 
reference plant for small-scale solar. Community solar, where multiple community subscribers share 9 
a local solar facility, is an example of small-scale solar developed in the region. These projects are 10 
usually less than five megawatts. While these smaller projects are more expensive on a per-kilowatt 11 
basis compared to the larger utility scale solar, with initial costs closer to $2,000 per kilowatt in 2024 12 
dollars, the smaller size allows projects to be built faster and in more locations.  13 

Battery Storage 14 

Battery storage allows for the capture and storage of energy for use at a future time. Lithium-ion 15 
technology is the most common form of battery storage on the power system. This is the same 16 
technology as used in consumer electronics and electric vehicles. Utility scale lithium-ion batteries 17 
are typically a collection of tens of thousands of small batteries connected and packaged together to 18 
form a larger resource. These batteries are commonly referred to as short-duration storage, meaning 19 
the period over which the battery can discharge is relatively short. The Ninth Plan reference plant 20 
assumes a 4-hour lithium-ion battery. 21 

A key consideration for storage resources is the unit’s round-trip efficiency. This refers to the ratio of 22 
useful energy output to useful energy input. Lithium-ion batteries have round-trip efficiencies of 23 
between 85 and 90%. The Ninth Plan assumes an 88% round-trip efficiency for battery storage. 24 

 The cost of lithium-ion batteries has declined significantly in the last 10 years, with some estimates 25 
showing declines of around 70%.97 The Ninth Plan assumes capital costs of around $1,800 per 26 
kilowatt in 2024 dollars, declining to below $1,400 per kilowatt in 2024 by the end of the power plan 27 
horizon.  28 

 

 
95 Technical Appendix G – New Generating Resources provides more detail on this approach.  
96 Lawrence Berkely National Lab, 2024. Land-Based Wind Market Report, Executive Summary. https://eta-
publications.lbl.gov/sites/default/files/land-based_wind_market_report_2024_edition_executive_summary.pdf. 
97 BloombergNEF Press Release from December 2025. https://about.bnef.com/insights/clean-transport/lithium-ion-
battery-pack-prices-fall-to-108-per-kilowatt-hour-despite-rising-metal-prices-bloombergnef 
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Hybrid: Renewables and Storage 1 

Co-locating renewables with storage helps avoid curtailment of energy, reduce integration costs, 2 
provide grid services, and reduce transmission costs. With costs declining for solar, wind, and 3 
batteries, opportunities to pair these resources are gaining traction. While these technologies can be 4 
paired in multiple configurations, hybrid plants that include wind generation are not yet common 5 
practice. Wind generation is less consistent than solar on a day-to-day basis, so the pairing of wind 6 
and storage provides for a relatively less reliable short duration storage resource. Therefore, the 7 
Council focused on the development of a solar plus storage hybrid reference plant. 8 

The Council developed the costs for this reference plant based on a combination of the solar and 9 
battery storage costs discussed above. The Council accounted for costs savings of shared 10 
equipment, such as the inverter costs. The capital costs are assumed to be $2,500 per kilowatt in 11 
2024 dollars. This represents roughly 25% in cost savings compared to developing each resource 12 
individually. These costs decrease to around $1,600 per kilowatt in 2024 dollars by the end of the 20 13 
years. 14 

Natural Gas  15 

Natural gas turbine technologies are a proven and mature source of electricity generation. The Council 16 
assessed two types of natural gas resources: combined cycle combustion turbines and simple cycle 17 
gas turbines.  18 

Combined cycle combustion turbines are an efficient thermal resource that provides baseload power, 19 
with on-call fuel providing some flexibility. These plants consist of one or more gas turbine generators 20 
that exhaust to a heat recovery steam generator, which produces steam that ultimately produces 21 
additional electricity. This use of the exhaust energy increases the efficiency and the output of 22 
combined cycles combustion turbines compared to their simple cycle counterparts.  23 

Simple cycle gas turbines are more flexible than combined cycle combustion turbines. They can ramp 24 
up and down quickly to address changes in demand. Newer units are more flexible and efficient, 25 
allowing them to follow the variable output of wind and solar. Generally, these plants produce 26 
electricity at lower capacity factors, running only when needed. There are three primary simple cycle 27 
gas turbine technologies available today: frame turbines, reciprocating engine generating units, and 28 
aeroderivative turbines. The Council developed two simple cycle reference plants reflecting the frame 29 
and reciprocating engine technologies. Frame turbines are generally less expensive, more reliable, 30 
and less efficient than other units. Reciprocating engine units are generally more flexible and more 31 
efficient than other simple cycle technologies.  32 

The Ninth Plan assumes some limitations to the availability of new natural gas plants. Clean policies 33 
regulating emitting resources impact the potential for natural gas. Oregon law bans new gas plants in 34 
the state. While Washington laws do not explicitly ban natural gas, their carbon tax and 100% clean 35 
targets increase the cost of emitting resources and are considered in the Council’s modeling 36 
assumptions. Pipeline access is an additional limiting factor. The existing gas pipeline system faces 37 
significant constraints, with no more firm capacity available for new plants. The Ninth Plan accounts 38 
for these constraints in two ways. First, the Council assumes an added cost associated with ensuring 39 



DRAFT NINTH POWER PLAN 

 
FUTURE ELECTRICITY NEEDS AND NEW RESOURCE POTENTIAL · 81 

 

firm supply. Second, the Council assumes a 3,000-megawatt limit for new gas plants through 2032, 1 
increasing that limit to 10,000 megawatts by the end of the plan period based on the assumption that 2 
the region would expand the pipeline if additional gas were needed over the long-term. 3 

Since natural gas is a more mature technology, the capital cost declines have been less significant in 4 
recent years than those experienced by wind, solar, and batteries. For combined cycle combustion 5 
turbines, the Ninth Plan assumes a capital cost of $1,500 per kilowatt in 2024 dollars. To address 6 
pipeline constraints, the Council assumed an added $30 per kilowatt-year in fixed operations and 7 
maintenance costs to account for the cost of firming up the fuel supply. The Ninth Plan assumes cost 8 
declines of about 15% for this technology over the planning horizon. 9 

The capital cost for frame turbines is around $1000 per kilowatt, with the more expensive 10 
reciprocating engine turbines at $1800 per kilowatt, both in 2024 dollars. The Council assumed an 11 
upfront cost of $78 per kilowatt and ongoing fixed operations and maintenance costs of $5 per 12 
kilowatt-year to account for added onsite storage and fuel to ensure firm capacity for new simple 13 
cycle plants. The Ninth Plan assumes that both simple cycle technologies’ costs will decline by 14 
around 20% over the 20-year plan horizon.  15 

Limited Availability Resources 16 

The Council considers limited availability resources to be those that are commercially available but 17 
have limited development potential in the region. Due to these physical constraints, the Council 18 
assigns harder availability limits to these resources. The Council considered a suite of potential 19 
resources in this category: conventional geothermal, offshore wind, pumped storage, biomass, 20 
hydropower upgrades and small hydropower turbines, and combined heat and power. Ultimately, the 21 
Council only developed reference plants for conventional geothermal, offshore wind, and pumped 22 
storage, which are discussed more below.  23 

The Council opted not to develop a reference plant for the other three technologies due to their more 24 
limited application in the region. While biomass is used for electricity production in the region, it is not 25 
a common fuel choice. Small hydropower turbines refer to projects that capture energy from irrigation 26 
infrastructure, low-head stream flows, water treatment plant outfalls, and other areas with both a 27 
small footprint and environmental impact. Both these small projects and hydropower upgrades are 28 
very site-specific and there is minimum development in the region. Combined heat and power plants 29 
are most often used in industrial applications, where the process heat produces electricity to support 30 
further needs of the operation. Many of the industries that deployed this resource have left the region, 31 
making it a less viable option going forward. While the Council has opted to not develop a reference 32 
plant for these technologies, the Council continues to consider the potential role these resources 33 
might play in meeting overall system needs. 34 
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Conventional Geothermal 1 

Conventional geothermal is a renewable resource with zero or low carbon emissions.98 Conventional 2 
geothermal requires the natural occurrence of heat, water, and permeability beneath the earth’s 3 
surface. The units leverage the heat to produce electricity. The region has a significant geothermal 4 
resource, especially in southern Oregon and Idaho, but development to date has been limited.  5 

Based on data from the U.S. Geological Survey, the Council estimates that the region has around 460 6 
megawatts of conventional geothermal potential.99 This equates to around 22 plants for the region. 7 
Because of the need for a naturally occurring resource, the reference plants are limited to areas of 8 
southern Oregon east of the Cascade Mountains and Idaho. Due to the timelines required to identify 9 
the appropriate location, the Council assumes construction timelines of seven years. The Council 10 
assumed capital costs of around $5,000 per kilowatt in 2024 dollars, with some cost decline to a final 11 
cost of around $4,600 per kilowatt in 2024 dollars. 12 

Offshore Wind 13 

Offshore wind turbines are like their onshore counterparts, but they tend to be larger in size and 14 
energy output. Offshore wind has an average capacity factor of around 50%. While offshore wind is an 15 
established resource in some parts of the world, it is still very much emerging in the Pacific 16 
Northwest. Due to the depths of the coast, offshore wind in this part of the world requires a floating 17 
turbine. This technology is less well established than the fixed-bottom technology deployed 18 
elsewhere in the world.  19 

Development of offshore wind in this region is limited to federally designated leasing areas. There are 20 
two such areas identified in the region off the Oregon coast, one near Coos Bay and the other further 21 
south near Brookings. In total, these sites are estimated to have around 3,000 megawatts of capacity. 22 
The timing of offshore wind availability is highly uncertain. Early in the Ninth Plan development, the 23 
Bureau of Ocean Management estimated the earliest online date would be 2032. Recognizing the 24 
uncertainty and changing federal landscape, the Council assumed a more conservative assumption of 25 
2043. Since the start of analysis, the Trump Administration has temporarily halted offshore wind 26 
leasing.  27 

The Council assumed a capital cost of $7,000 per kilowatt in 2024 dollars, which is based on data 28 
from the National Lab of the Rockies. Costs are estimated to decline as the technology develops, with 29 
final estimates of around $4,000 per kilowatt in 2024 dollars. 30 

 

 
98 The emissions depend on the technology. Flash steam technology emits minimal excess steam. Dry steam and binary 
cycle technologies have zero emissions.  
99 U.S. Geological Survey, 2008. Assessment of Moderate- and High-Temperature Geothermal Resources of the United 
States. 
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Pumped Storage 1 

Pumped storage hydropower is an established and commercially mature energy storage resource. A 2 
typical project consists of an upper reservoir and a lower reservoir connected by a water transfer 3 
system with reversible pump-generators. Energy is stored by pumping water from the lower reservoir 4 
to the upper reservoir and then generated by releasing that stored water through turbines back to the 5 
lower reservoir. The estimated round-trip efficiency of these projects is around 80%.  6 

These projects require suitable topography and geologic conditions. Based on those limitations, the 7 
Ninth Plan assumes 10 reference plants totaling 4,000 megawatts of potential. This estimate was 8 
informed by the projects currently identified for development in the region and what is realistically 9 
achievable over the next two decades. The Ninth Plan cost for these reference plants is around 10 
$4,000 per kilowatt. Because pumped storage is considered a fully mature technology, the Council 11 
does not assume any decline in cost over the power planning period.  12 

Emerging Technologies 13 

The Council also includes an assessment of potential new resources that are not yet considered 14 
available and reliable but might provide value for the system in the long term. The Council groups 15 
these into the emerging technologies category.  16 

The Ninth Plan approach to assessing emerging technologies is to create proxy reference plants. 17 
These reference plants are not intended to represent any single emerging technology, but rather to 18 
provide characteristics to the model reflecting a range of potential technologies. The Ninth Plan 19 
includes three proxy emerging technology reference plants: clean long duration storage, clean 20 
baseload, and clean peaker/medium duration storage.  21 

Given these are proxy plants representing a range of potential technologies, the Council developed 22 
some shared assumptions to use across all reference plants. One common assumption is on costs, 23 
particularly the potential for technological advancement and declining costs over the power plan 24 
period. The Council used a single assumption for all reference plants. This is based on National 25 
Laboratory of the Rockies’ assumptions for small modular reactors. Because these costs are so 26 
uncertain, the Council developed two sensitivities that vary the cost assumptions for emerging 27 
technology. These sensitivities will provide additional insight into the potential future role of these 28 
emerging technologies for the region. 29 

Clean Long Duration Storage 30 

The clean long duration storage proxy includes resources that support integration of variable energy 31 
resources, provide operational flexibility, and offer demand shifting between days or seasons. The 32 
Council considered multiple emerging technologies that provide long duration storage. This includes 33 
different types of electrochemical energy storage (e.g. lead-acid or flow batteries), mechanical energy 34 
storage (e.g. compressed air or gravity storage), and thermal energy storage.  35 

The Ninth Plan clean long duration storage proxy is based on data for iron air batteries, which are a 36 
kind of electrochemical energy storage. These batteries employ a reverse rusting mechanism, rusting 37 
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and de-rusting, to create a form of electrical current. While this cycle is durable and repeatable, it is 1 
not particularly efficient. The assumed round-trip efficiency for this resource is around 40%. Despite 2 
this low efficiency, they have the potential to add value to the system by shifting more stored excess 3 
energy over longer periods of time.  4 

The iron air battery is close to commercial readiness. There are factories in production and successful 5 
test projects have been completed. Therefore, the clean long duration storage reference plant is the 6 
first of the emerging technologies available to the model with a first potential online date of 2032. The 7 
Ninth Plan assumes only 1,000 megawatts could be developed by 2040, with the potential to expand 8 
production by an additional 2,000 megawatts by 2046. The assumed cost is around $2,500 per 9 
kilowatt in 2024 dollars.  10 

Clean Baseload 11 

The clean baseload proxy includes resources that offer reliability and firm supply to the grid. There are 12 
several emerging resources in development that could provide these characteristics including 13 
enhanced geothermal, wave energy, and small modular reactors. The Ninth Plan clean baseload 14 
reference plant is based on information for the small modular nuclear reactor. The level of regional 15 
interest in this technology has provided a relative wealth of data from which the Council could 16 
construct the necessary reference plant characteristics.   17 

As indicated by its name, the small modular reactor has a smaller size and more modular 18 
construction than a conventional full-sized nuclear unit. This has the potential to shorten construction 19 
lead time, permit greater flexibility in resource siting, allow for some load following capability, and 20 
provide potential for cogeneration. Despite the investment in development of this (and other clean 21 
baseload) resources to date, the Council anticipates a longer timeline before commercial readiness. 22 
The Ninth Plan assumes a first online date of 2040, with the potential for up to 3,000 megawatts in the 23 
plan horizon. The assumed cost for this reference plant is around $9,000 per kilowatt in 2024 dollars.   24 

Clean Peaker and Medium Duration Storage 25 

The clean peaker and medium duration storage proxy includes resources that mitigate high peak 26 
demands, while extending the system’s operational flexibility. These resources also provide storage 27 
for a period between that of the shorter duration lithium-ion battery and the clean long duration 28 
storage proxy. This makes the resource adept at providing support for daily or hourly demand shifting.  29 

The Council considered multiple emerging resources under this category, including flywheel energy 30 
storage and alternative hydrogen fuel sources like ammonia and pyrolysis. The Council selected 31 
hydrogen with onsite electrolysis as the basis of this proxy reference plant, due to the broad interest in 32 
this technology and potential to convert existing peaker plants to green hydrogen to meet clean goals. 33 
Because there is no existing infrastructure for hydrogen, the Council chose to model this as a 34 
resource that produces its hydrogen fuel onsite via electrolysis. In doing so, the reference plant also 35 
reflects the same attributes as a medium duration storage resource, where excess electricity at times 36 
of low load is used to create hydrogen and then dispatched by burning that hydrogen when there is a 37 
need. The Council assumed a relatively low round-trip efficiency of 40%.  38 
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Like the clean baseload proxy, the Council assumed a first online date of 2040 for the clean 1 
peaker/medium duration storage proxy. The total available to the model is 3,000 megawatts. The 2 
assumed cost for this resource is around $3,500 per kilowatt in 2024 dollars.  3 

Summary 4 

In total, the Council developed 14 different reference plants, several with multiple iterations, to 5 
account for variability across the region. Each of these reference plants includes information on cost 6 
and availability, as well as other attributes the resource provides the system. Figure 3 - 22 compares 7 
the reference plants on a levelized cost of energy basis. For readability, not all iterations of each 8 
reference plant are included in the chart. Because of this, and other flattening of assumptions to 9 
create these estimates, it is not a perfect way to represent the exact value each resource might 10 
provide to the system. But it provides some information to assess and compare resources.  11 

Figure 3 - 22: Levelized Cost Comparison for Select Reference Plant Iterations 12 

 13 

Market Availability 14 

Purchasing energy and capacity from the market is an important part of maintaining system reliability. 15 
When more generation is produced than required for load in an area, that additional generation is 16 
available as a market resource for others to acquire to support meeting loads. To understand the 17 
depth of the market (how much energy and capacity might be available at any point in time), the 18 
Council conducts market availability studies. Each of these studies provides information on how and 19 
when many resources are being built across the broader Western Interconnection. This in turn 20 
provides information about the availability and cost of market resources. 21 
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Just as resource decisions change in the Northwest due to changing loads, policies, resource options, 1 
and costs, the same is true for the broader West. For example, tax incentives impacting the cost of 2 
certain resources will make those resources more or less attractive for all potential developers. 3 
Additionally, if new emerging resources do not come online at the pace expected, this will have 4 
implications for all entities trying to ensure the lights stay on for their customers. Therefore, the 5 
Council conducts a separate market availability study for each sensitivity with varied assumptions on 6 
resource availability, costs, or transmission buildouts. For the Ninth Plan, the Council ran nine market 7 
availability studies. This included one study for the Changing Hydro Operations scenario and eight for 8 
the sensitivities included in the New Resource and Transmission Risk scenario.100  9 

Figure 3 - 23 shows the total buildout for each of the nine market availability studies. In general, the 10 
West-wide buildouts are similar across the sensitivities. In the near-term, the biggest impact was the 11 
availability of battery storage. More resources in total nameplate megawatts were required when 12 
battery storage is limited in the near-term. In the long-term, the biggest impact is the availability of 13 
transmission. As more transmission comes online, the overall buildout shrinks.  14 

Figure 3 - 23: Ninth Plan Market Study Results 15 

 16 

 

 
100 The one sensitivity in the New Resource and Transmission Risk scenario that did not require a separate market 
availability study is the Slower Demand Side Availability sensitivity. The Council does not explicitly model demand-side 
resources in this analysis, but rather assumes they are accounted for in the load forecasts. Therefore, changes in 
assumptions around in-region demand-side options do not change the assumptions for these out-of-region studies.  
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Digging deeper into the results, the Council found that most of the resources built across the 1 
sensitivities were a balance of renewables, storage, and natural gas. The specific mix varies by 2 
sensitivity. Emissions pricing in Canada, California, and Washington (which accounts for around 60% 3 
of the West-wide load) drives much of the early variable energy resource decisions. These resources 4 
are also being used both for renewable portfolio standards and clean policies. The amount of storage 5 
impacts the type of resources. Delays in short-duration storage drive increases in both variable energy 6 
resources and natural gas builds. Transmission also impacts builds, as more transmission allows for 7 
more variable energy resources, while more limited transmission results in increased natural gas 8 
builds.  9 

The Council uses the market availability results to inform the next step of regional resource 10 
optimization, which is conducted in the Council’s OptGen/SDDP model framework. Specifically, the 11 
Council takes the West-wide buildout of resources for each study and puts those resources directly 12 
into the model. As OptGen is solving for what new resources are required to meet load, it has direct 13 
insight into what resources (including type of resources) are available on the market from outside the 14 
region. This provides insight into market depth and market prices. This market availability becomes in 15 
essence another resource for the model to consider, alongside the new resource potential discussed 16 
above. In the Ninth Plan, the Council was careful to ensure that enough resources are built in the 17 
region to avoid overreliance on the market.    18 

Transmission 19 

As discussed in Chapter 2, the Council recognizes the need for new transmission development to 20 
support the addition of resources and meeting projected load growth. There have been several efforts 21 
to improve and expand transmission planning, most notably the Western Transmission Expansion 22 
Coalition, also known as WestTEC. This is a West-wide voluntary effort to conduct long-term 23 
transmission planning. For the Ninth Plan, rather than developing an independent look at potential 24 
transmission needs, the Council leveraged the work of WestTEC and others to inform a suite of 25 
transmission buildout sensitivities. This analysis is intended to provide insight into how resource 26 
decisions change as transmission development occurs. They are also designed to inform what 27 
resources, if any, might provide a role in ensuring system reliability if planned transmission 28 
development is stalled. 29 

The Ninth Plan assumes three different transmission buildouts. The first is the existing system. This 30 
includes all the existing transmission in the ground, as well as projects that are under construction. 31 
Most notably for the region, this assumes that the Boardman-to-Hemingway transmission line comes 32 
online. Beyond the existing system, the Council assumed two additional transmission buildouts: 33 
transmission plus and transmission max (see Table 3 - 5). The additional projects assumed in 34 
transmission plus are planned projects estimated to come online during the Ninth Plan action plan 35 
period (2027-2032) with some additional transmission on the east side of the region. Those projects 36 
in the transmission max sensitivities include additional planned projects anticipated after 2033. 37 
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Table 3 - 5: Additional Transmission Assumed in Sensitivities 1 

Project Description Date 
Sensitivity 

Plus Max 

Cross Cascades North 650 MW across the Cascades in Washington 2031 X X 

Cross Cascades South 1,500 MW across the Cascades in Oregon 2031 X X 

Path 8 Upgrade 1 600 MW upgrade between Montana and Oregon 2035 X X 

Gateway West Segment D3 1,000 MW between Wyoming and Idaho 2035  X 

Gateway West Segment E 2,000 MW across Idaho 2036  X 

Path 8 Upgrade 2 Added 200 MW west to East and 1,500 MW east to 
west on Path 8 

2036  X 

Path 14 Upgrade 2 650 MW west to east and 1,000 MW east to west 
between Idaho and Oregon 

2036  X 

North Plains Connector 1000 MW interconnection into the Dakotas 2033  X 

 2 

Developing new transmission is not the only way to help bring more remote resources to load. There 3 
are several technological options to expand the existing transmission capacity. One such option, 4 
reconductoring, involves upgrading existing transmission lines by replacing the conductors. This 5 
mitigates the need to build entirely new infrastructure. Traditional steel reinforced cores using 6 
aluminum conductors can be placed with conductors using fully annealed aluminum. This allows the 7 
conductor to operate at higher temperatures, which in turns allows more current to run through it. 8 
There are also opportunities for more advanced reconductoring that replaces the steel with lighter 9 
composite cores. This can increase transmission capacity up to two times, while also reducing the 10 
line sag at high temperatures. These options can be deployed more quickly and more cheaply than 11 
building new transmission lines, often at less than half the cost.101 Reconductoring is most suitable 12 
for shorter, thermally limited lines. The Idaho National Lab estimates approximately 20% of 13 
transmission lines nationally could be viable candidates for reconductoring.102  14 

Other grid enhancing technologies exist that can be deployed within the existing transmission system 15 
to help increase the capacity, flexibility, and efficiency of the grid. Dynamic line rating can dynamically 16 
adjust the carrying capacity of transmission lines based on real-time measurement of ambient 17 
conditions like temperature and wind speed. Other options like topology optimization and advanced 18 
power flow controls optimize the flow of electricity through transmission lines to avoid congestion 19 
and capacity constraints. The Council did not explicitly model these in the Ninth Plan analysis; 20 
however, they were modeled in the WestTEC analysis. Therefore, it is reasonable to assume that 21 

 

 
101 GridLab, 2024. 2035 and Beyond: Reconductoring with Advanced Conductors Can Accelerate the Rapid Transmission 
Expansion Required for a Clean Grid. 
102 Idaho National Lab, 2023. Advanced Conductor Scan Report. 
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some of the additional transmission capacity reflected in the Ninth Plan scenario modeling is a result 1 
of enhancements to the existing system. 2 

Transmission is an essential part of ensuring system adequacy. From the resource planning 3 
perspective, the types and amounts of new resources required to meet demand varies based on the 4 
amount of future transmission capacity (see Chapter 4 for a discussion of scenario modeling results). 5 
At the same time, there are resources that can be used to mitigate against the need for future 6 
transmission development or mitigate against the risk of delays in that development. And there are 7 
solutions to enhance the existing transmission system without adding new lines. All these options, 8 
new transmission, new resources, or enhancing the existing system come with costs and risks. The 9 
Ninth Plan resource strategy considers all of these, providing a cost-effective solution to meet needs, 10 
mindful of this important interplay with the transmission system. The action plan also includes 11 
recommendations for Bonneville and the region on these issues. See Chapter 4 for more information.  12 
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Chapter 4:  1 

Action Plan – Resource Strategy and 2 

Other Recommendations for Bonneville 3 

and the Region 4 

This chapter contains the Council’s recommendations for new conservation and generating resources 5 
that Bonneville and the region are to acquire to meet regional needs. It also includes additional 6 
recommendations to support Bonneville and the region in implementing the resource strategy. 7 
Combined, these recommendations make up the Ninth Power Plan’s Action Plan for the next six years 8 
(2027-2032).  9 

The Northwest Power Act requires that the Council’s power plan “set forth a general scheme for 10 
implementing conservation measures and developing resources.”103 This describes the regional 11 
resource strategy that the Council puts forth in each power plan. The strategy includes 12 
recommendations for resources, and amounts of those resources, required to meet regional needs.  13 
This includes specific recommendations to Bonneville about its role in supporting the implementation 14 
of the resource strategy. In addition, the Action Plan includes recommendations on data center 15 
integration and investments in the transmission and distribution systems, as both are critical for 16 
successful implementation of the strategy. The final piece of the Action Plan is a suite of 17 
recommendations for research and development, consistent with the requirements of the Northwest 18 
Power Act. 19 

Regional Resource Strategy 20 

As described in Chapter 3, the Council analyzed a range of uncertainty through a set of sensitivities 21 
that explored the impacts of new resource availability, resource costs, transmission capacity, and 22 
hydro conditions. In each sensitivity, the Council’s regional capital expansion model, OptGen, 23 
developed a least cost, optimized portfolio of new resources to provide adequacy across a range of 24 
potential futures. These futures reflect uncertainty around potential load growth, hydro and variable 25 
energy resource conditions, and natural gas price forecasts. The Council used the analysis from the 26 
13 sensitivities, as well as insight from the Council’s advisory committees and other regional experts, 27 
to develop the Ninth Plan resource strategy. The results of this analysis and process show that the 28 
region needs a broad range of resources by 2032, including: 1,060 average megawatts of 29 

 

 
103 Northwest Power Act, Section 4(e)(2). 
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conservation, 590 megawatts of demand response, 220 megawatts of voltage regulation, 9,000 1 
megawatts of renewables, 5,200 megawatts of storage, and 2,100 megawatts of natural gas. This 2 
strategy provides a robust approach for meeting regional needs and ensuring adequacy.104 The 3 
following sections outline the analytical results and the resulting Council recommendations for a 4 
regional resource strategy. 5 

Discussion of Analytical Results 6 

The modeling showed that a suite of resources was selected across every sensitivity, including 7 
conservation, demand response, voltage regulation, renewables, storage, and natural gas.105 This 8 
suggests that a mix of these resources is robust across the range of potential uncertainty explored in 9 
the modeling. Figure 4 - 1 shows the resource buildout across the sensitivities for 2032. By using 10 
information from across all the sensitivities that explore a range of risks, the final recommended 11 
regional resource strategy provides a risk-informed approach to meeting future system needs (see 12 
Action Item RES-1). This portfolio approach will help ensure the Northwest power system remains 13 
adequate, efficient, economical, and reliable for all consumers.  14 

 

 
104 The Council tested this strategy against the Council’s multi-metric criteria for adequacy using two different sets of 
hydro operations for fish. The first was the operations as defined in the 2026 Columbia River Basin Fish and Wildlife 
Program. As the program does not include a measure for summer spill, the Council assumed an August 31 end date to 
performance spill, as this provides a more conservative approach for testing adequacy. The second set of operations 
include different spill operations implemented by the federal agencies in 2026 to comply with a preliminary injunction 
issued by the federal district court of Oregon [pending review in that court of a challenge to the federal government’s 
decision on system operations under the Endangered Species Act and the National Environmental Policy Act]. Details of 
these studies are available in Technical Appendix N – Scenario Modeling Results. 
105 The sections below provide high level results from the Council’s Ninth Plan scenario modeling. More details around the 
modeling are available in Technical Appendix N – Scenario Modeling Results. 
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Figure 4 - 1: 2032 Resource Build Across Sensitivities 1 

 2 

Conservation 3 

Conservation was acquired in every sensitivity to provide energy to the system, reduce loads and 4 
thereby lower the planning reserve margin requirements, and meet clean policies and goals. The 5 
amount of conservation acquired in each sensitivity varied based on the assumed costs and 6 
constraints of other resources. To maintain adequacy, the model selected more conservation when 7 
supply side resources were limited and costs for those resources were higher. Less conservation was 8 
selected in sensitivities with lower prices for supply side resources, particularly renewables, as those 9 
resources start to become a more cost-effective way to provide energy to the system.  10 

In addition to upfront costs, conservation may be less cost-competitive compared to other resources 11 
depending on the market price. Conservation is an “always on” resource. Once a homeowner or 12 
business installs a more efficient technology, that technology provides energy savings regardless of 13 
the outside market conditions. Other resources can dispatch down, if needed, for economics. The 14 
futures (described in Chapter 3) capture a range of these market prices. The amount of conservation 15 
selected by the model is part of the lowest cost portfolio to meet system needs, even with uncertainty 16 
around future market prices. 17 

The scenario analysis demonstrated that more conservation, including higher cost conservation, is 18 
needed over time to support long-term resource adequacy. The specific amount of conservation to be 19 
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acquired varies by sensitivity, by zone, and by year.106 Figure 4 - 2 captures the range of maximum 1 
levelized cost bin for each snapshot year across the sensitivities. This figure excludes snapshot year 2 
2028, and the Constrained Resource and Transmission sensitivity, both of which show significantly 3 
more investment in conservation as a way to mitigate the risk of supply side resource availability.107 4 
Essentially, for each snapshot year of a sensitivity, the model provides the highest cost bin acquired 5 
for a specific zone. The top end of each range represents the sensitivity with the highest maximum 6 
levelized cost bin acquired in that zone for that year. The bottom end of the range represents the 7 
sensitivity with the lowest maximum levelized cost bin acquired in that zone for that year. The 8 
diamond shows the average maximum levelized cost bin acquired across the 12 sensitivities included 9 
in this figure. This figure shows that the range and average costs generally trend upward for each zone 10 
over the snapshot years. This demonstrates that the model wants higher cost conservation over time 11 
as a way of meeting long-term load growth. 12 

 

 
106 As described in Chapter 3 and Technical Appendices K, the Ninth Plan scenario modeling used seven different 
snapshot years to model the 20-year planning horizon for each sensitivity. The model represented the region with 17 
zones, including specific assumptions around future forecasted load growth, conservation potential, transmission 
connectivity between zones, and other assumptions.  
107 In both the Constrained Resources and Transmission sensitivity and the 2028 snapshot year, supply side resources are 
constrained. As described earlier, more conservation is acquired when there are constraints on the supply side. In the 
Constrained Resources and Transmission sensitivity and many of the 2028 snapshot years, the model acquires all 
available conservation. While this specific signal is an important finding from the modeling, incorporating those results into 
this specific figure would mask the other modeling findings. 



DRAFT NINTH POWER PLAN 

 
ACTION PLAN · 94 

 

Figure 4 - 2: Average Levelized Cost Per Zone, Across Sensitivities, Over Time 1 

 2 

Figure 4 - 2 also shows another important finding from the Ninth Plan modeling, which is the differing 3 
locational value of conservation across the region. The zones in this figure are organized from roughly 4 
east to west. The model consistently acquires higher cost conservation on the west side of the region 5 
relative to the east. The differences vary by sensitivity, but the general trend shows the lowest value 6 
for conservation in Montana and the highest value in the Puget Sound area.  7 

These modeling results are consistent with the realities on the ground. While the entire region is 8 
experiencing load growth, the resource options available to meet that growth vary across the region. 9 
Policies in Oregon and Washington limit the future role of natural gas, both in terms of availability and 10 
economics. Additionally, there is limited potential for new renewable energy development near the 11 
urban centers west of the Cascades and existing transmission constraints that limit the near-term 12 
potential to bring remote renewable resources to load. These factors increase the value of 13 
conservation for ensuring resource adequacy. Across the region, in Idaho and Montana, the realities 14 
on the ground are different, and there is generally a more diverse set of resource options to meet 15 
future needs. For example, natural gas is both more available and more economical than on the west 16 
side of the region. There is also greater renewable energy potential, as well as greater transmission 17 
connectivity to the broader west. These factors result in conservation being cost competitive only up 18 
to the comparable price of competing natural gas and renewable resources. The Council incorporated 19 
this locational signal into its recommended regional resource strategy (see Action Item RES-1).  20 

Demand Response 21 

Demand response allows utilities to adjust the electricity demand of consumers at specific times to 22 
help reduce the power demand on the system. As such, it can provide flexibility to the system, 23 
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lowering planning reserve requirements at times by reducing load, and support meeting policies. The 1 
amount of demand response acquired in each sensitivity varied based on the constraints assumed 2 
around supply side resource availability, costs, and overall system flexibility. The model acquired 3 
more demand response to support resource adequacy when fewer supply side resources were 4 
available, particularly those that also provide flexibility to the system. It also acquired more demand 5 
response in sensitivities where the system flexibility was constrained, particularly in sensitivities with 6 
assumed constraints on the daily flexibility of the existing hydropower system. 7 

Generally, however, the model did not select significant amounts of demand response. In most 8 
sensitivities, the model selected only the lowest cost bin of the frequently deployable demand 9 
response product. One factor influencing this result is that the model shows a preference for 10 
resources that provide both energy and flexibility, such as hybrid renewable and storage resources 11 
and new natural gas. By selecting these resources for energy, the model is also filling a large portion of 12 
its flexibility need, leaving relatively little remaining flexibility for demand response to serve directly. 13 

The Council recognizes some modeling limitations around demand response for the Ninth Plan, and 14 
that these limitations may have contributed to dampening the signal for this resource. As discussed 15 
more in Action Items R&D-5, R&D-6, and R&D-18, the Council recommends the region continue to 16 
work on advancing its understanding of demand response potential and system benefits and to 17 
improve modeling capabilities around this resource to capture those benefits. Despite this muted 18 
signal, the Council recognizes the regional need for new resources, including those that provide 19 
flexibility in the system, and has accounted for that in the regional resource strategy described in 20 
Action Item RES-1. 21 

Voltage Regulation 22 

Voltage regulation is a demand side resource that regulates the voltage on the distribution system to 23 
provide energy savings. This can be operated in a couple of different ways. One approach is to lower 24 
the voltage once and keep it at that lower level. This approach is akin to conservation and is typically 25 
called conservation voltage reduction. The second approach is to lower the voltage at times when it 26 
provides value to the system but keeps the voltage higher at other times for economics. This approach 27 
is called demand voltage regulation. 28 

For the Ninth Plan, the Council modeled this resource separately from both conservation and demand 29 
response, allowing the model to determine whether there was value in this resource, and if so, what 30 
strategy would best meet regional needs. The modeling selected all the available potential for this 31 
resource in every sensitivity. Generally, the model operated this more as a conservation resource in 32 
the early years of the power plan period and more as a demand response product in the later years. 33 
The model also showed locational differences, with more flexibility (and therefore more of a demand 34 
response product) on the east side of the region.  35 

Renewables and Storage 36 

The Council modeled a variety of renewable and storage resources. This included onshore wind, 37 
solar, hybrid solar and storage, standalone battery storage, pumped storage, offshore wind, and two 38 
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emerging technology reference plants for long-duration and medium-duration storage. The model 1 
selected all these resources (except for pumped storage and offshore wind) in all sensitivities for 2 
which the resource was allowed.108 These resources support energy (renewables and hybrid), 3 
flexibility and ensuring the region meets its planning reserve margins (hybrid and storage), and policy. 4 

In the Action Plan period, the model selected wind, solar, hybrids, and battery storage in all 13 5 
sensitivities. The model showed a signal for diversity between renewable resources, with an 6 
approximately equal allocation between wind and solar, including hybrid solar plus storage projects 7 
(see Figure 4 - 3). In some sensitivities, the model selected more of a specific type of renewable to 8 
provide diversity to the overall market buildout. For example, as shown in Figure 4 - 3, the 9 
Transmission Max sensitivity has a significantly higher build of solar compared to the other 10 
sensitivities. This regional solar buildout provides diversity to the large buildout of wind across the 11 
west from the market study for the sensitivity while meeting load and policy needs.109 This interaction 12 
with the broader market is one of the largest drivers for diversity in regional renewable builds across 13 
sensitivities.  14 

Figure 4 - 3: 2032 Renewable Build Across Sensitivities 15 

 16 

 

 
108 One of the assumptions in the Constrained Resource and Transmission sensitivity was that the timelines for emerging 
technologies were 10-years out from that otherwise assumed in the modeling. This pushed the emerging tech long-
duration proxy plant out to 2042 and the emerging tech medium-duration storage plant out of the study entirely.  
109 See Technical Appendix L – Wholesale Market Availability Results. 
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Storage is also selected in all sensitivities. The model prefers hybrid solar plus storage resources to 1 
standalone battery storage. In addition to providing flexibility, the hybrid resources also provide energy 2 
to meet the system needs in the long-term. 3 

Natural Gas 4 

New natural gas is also selected in every sensitivity as a means of providing both flexibility and energy 5 
to the system. As discussed in Chapter 3, the Council developed three different natural gas reference 6 
plants: two peaking plants (a frame turbine and a reciprocating engine) and a combined cycle 7 
combustion turbine. While the model selected all three reference plants, it showed a preference for 8 
peakers, particularly in the near term (see Figure 4 - 4). These peaking plants provide flexibility to the 9 
system and a hedge against futures with low hydro conditions.  10 

Figure 4 - 4: 2032 Natural Gas Build Across Sensitivities 11 

 12 

The existing gas pipeline system faces significant constraints, with no more firm capacity available for 13 
new plants. To account for this, the Ninth Plan assumed both an added cost associated with ensuring 14 
a firm supply of gas and placed a 3,000-megawatt limit for new gas through 2032. These assumptions 15 
were developed with guidance from the Council’s advisory committees on Fuels and Generating 16 
Resources. The intent of these limitations was to reflect the physical capability of the system to add 17 
new natural gas, a constraint that is otherwise not captured in the Council’s current model setup. As 18 
is shown in Figure 4 - 4, the model built up to the 3,000-megawatt limit in several sensitivities. The 19 
sensitivities with the lowest amount of natural gas developed assumed federal policies consistent 20 
with Biden Administration-era policies encouraging the development of non-emitting resources.  21 

0

500

1,000

1,500

2,000

2,500

3,000

3,500

Bi
O

p

RC
BA

M
O

P 
O

p

Li
m

ite
d 

Fl
ex

C
on

st
ra

in
ed

 R
es

 a
nd

 T
x

Tr
an

sm
is

si
on

 M
in

Tr
an

sm
is

si
on

 P
lu

s

Tr
an

sm
is

si
on

 M
ax

D
el

ay
ed

 B
at

te
ry

Em
er

gi
ng

 T
ec

h 
U

p

Em
er

gi
ng

 T
ec

h 
D

ow
n

D
el

ay
ed

 D
em

an
d 

Si
de

Fe
de

ra
l P

ol
ic

y
Hydro Ops Resource and Transmission Risk

N
am

ep
la

te
 M

W

Combined Cycle Simple Cycle Recip



DRAFT NINTH POWER PLAN 

 
ACTION PLAN · 98 

 

Additional Analysis on High-Tech Load Impacts 1 

The Council conducted additional analysis exploring the implications of data center and high-tech 2 
loads on the overall resource builds. For this, the Council ran two different tests. The first test 3 
recalculated the planning reserve margin for the study using a lower load growth trajectory. This 4 
approach essentially asked what the region would build if some of the data center and high-tech loads 5 
were responsible for supplying their own adequacy. The second test removed the load trajectories 6 
with the highest data center growth from the modeling in order to determine what resources would be 7 
developed if those loads did not materialize. In both studies, the Council’s OptGen model acquired a 8 
similar amount of conservation, demand response, voltage regulation, and natural gas as in the 9 
Transmission Plus sensitivity (which was otherwise comparable across all other assumptions). The 10 
main difference was in the acquisition of storage. In both tests, the model selected significantly less 11 
storage, both in terms of standalone storage and hybrid solar plus storage resources. The first test 12 
selected roughly half the storage as otherwise seen in the Transmission Plus sensitivity. In the second 13 
test, which removed the highest loads entirely, the model selected essentially no new storage 14 
resources. In this case, the model selected additional renewables, which provided energy to offset 15 
the loss of the hybrid resources. These results also inform the Council’s regional resource 16 
recommendations below.  17 

Regional Resource Recommendations 18 

The Council developed its regional resource recommendations informed by the scenario modeling 19 
results, additional analyses, and feedback from advisory committee participants and others. The 20 
regional resource strategy and supporting recommendations seek to provide direction for a cost-21 
effective approach for adding new conservation and generating resources to the system as a means of 22 
ensuring an adequate, efficient, economical, and reliable power supply.   23 

RES-1 Develop new demand and supply side resources consistent with the portfolio approach 24 
outlined in this recommendation. The Council recommends the region, including 25 
Bonneville, its customers, investor-owned utilities, and others, acquire a portfolio of 26 
resources as described in the table below: 27 

Resource Amount by 2032 

Conservation 1,060 aMW total 
860 aMW OR/WA (up to $150/MWh) 

200 aMW ID/MT (up to $70/MWh) 

Demand response 590 MW 

Voltage regulation 220 MW 

Renewables 9,000 MW  

Storage 5,200 MW 

Natural Gas 2,100 MW 

 28 
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The Council recommends the region achieve 1,060 average megawatts of conservation 1 
regionally. This includes 860 average megawatts coming from the states of Oregon and 2 
Washington, or conservation up to $150 per megawatt-hour (in 2024$), representing an 3 
average cost of around $45 per megawatt-hour net levelized. This also includes 200 average 4 
megawatts coming from the states of Idaho and Montana, or conservation up to $70 per 5 
megawatt-hour (in 2024$), representing an average cost of around $32 per megawatt-6 
hour.110 The Council developed this dual target approach to represent the cost-effective 7 
differences between the west and east sides of the region.111 Accounting for these 8 
differences ensures regional resource adequacy with a lower cost portfolio than otherwise 9 
required through the historical single target approach.112  10 

The Council recommends the region acquire 590 megawatts of demand response. This 11 
represents the potential from time-of-use rates for electric vehicles. The Council recognizes 12 
that each utility is positioned uniquely and may therefore need different products to support 13 
peak needs, manage system ramping, mitigate price exposure, and address distribution 14 
challenges. The Council recommends that utilities acquire demand response that is most 15 
strategically valuable for them, focusing on those products that are frequently deployable to 16 
support system flexibility. The Council’s modeling showed a strong preference for frequently 17 
deployable demand response, as the lowest cost bin of limited deployment demand 18 
response was selected only in the Constrained Resource and Transmission sensitivity.  19 

The Council recommends the region pursue voltage regulation to provide energy and 20 
flexibility to the system. All available potential for this resource was selected in every 21 
sensitivity. While the model generally showed a preference for conservation voltage 22 
reduction in the Action Plan period, the Council recognizes that utilities may have their own 23 
unique needs, and therefore recommends utilities pursue this resource in whatever form 24 
provides the most value for their system. 25 

The Council recommends the region acquire 9,000 megawatts of renewables, with a 26 
balanced approach between wind and solar. This diversity in renewables provides balance 27 
to the strategy to support resource adequacy. The Council also recommends the region 28 
acquire 5,200 megawatts of storage. This includes acquiring the already planned roughly 29 

 

 
110 These costs reflect the net levelized cost for the conservation potential as an input to the Ninth Power Plan. The 
resultant avoided costs are available in Technical Appendix O – Cost-Effective Conservation Methodology and Results. 
111 See Technical Appendix O – Cost-Effective Conservation Methodology and Results, which details the cost-
effectiveness methodology and locational assumptions behind this dual target approach. 
112 The Council received significant input during the development of the draft plan on the proposed dual target approach for 
conservation. To provide more context around the Council’s analysis that informed this proposed dual target and some 
power system analysis around transitioning to a single target, the Council developed Technical Appendix Q – Analysis of 
Dual Versus Single Target for Conservation. Throughout the public comment period on this draft Plan, the Council is 
committed to continuing the conversation about these two approaches. The Council is seeking public comment that 
provides specific recommendations for how to improve upon the proposed regional resource strategy while still ensuring 
the region has an adequate, efficient, economical, and reliable power supply. 
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2,000 megawatts of standalone storage. The modeling shows that adding new storage to the 1 
system is one element of a cost-effective approach for providing reserves. The model shows 2 
a preference for hybrid renewable and storage resources, and the Council recommends that 3 
a portion of the renewable and storage recommendations be met with these hybrid 4 
resources. While the Ninth Plan only modeled a solar plus storage hybrid resource, the 5 
Council recommends the region continue to explore other combinations of co-locating 6 
renewable energy resources with storage.  7 

The Council conducted some additional modeling exploring how a resource strategy might 8 
change if either some data centers supply their own resources that could support adequacy 9 
or not all forecasted data center load materialized. The model selected less storage in these 10 
tests, both standalone storage and hybrid renewables and storage. This suggests that a 11 
portion of these storage resources may be the responsibility of the new large data center 12 
loads to provide system flexibility and reserves. This concept is discussed in more detail in 13 
Action Item DC-1 below. 14 

Finally, the Council recommends that the region acquire 2,100 megawatts of new natural 15 
gas resources, with a focus on plants that provide benefits as a seasonal energy hedge 16 
against poor hydro conditions and for year-round flexibility. The modeling showed a 17 
preference for natural gas peaking plants to provide energy and flexibility. These new units 18 
are also part of the cost-effective approach for providing reserves to the region. These 19 
peaking plants can serve as a seasonal reserve, protecting against low hydropower 20 
conditions. 21 

The total amount of new resources called for in this regional resource strategy is significant. 22 
The Council recognizes both the individual and cumulative impacts of siting new resources, 23 
particularly renewable resources that require significant land. The Council recommends that 24 
siting authorities, policy makers, utilities, developers, tribes, and others continue to bring 25 
creativity and practicality to the process, working to ensure that new resource development 26 
is carried out in a manner that protects fish and wildlife and cultural resources of the Pacific 27 
Northwest. Examples include, but are not limited to, developing smaller scale solar projects 28 
that can be sited in urban areas closer to loads and agrivoltaics that pair renewable 29 
generation with agriculture. The emphasis should be to incorporate “least impact, less 30 
conflict” siting principles to push development away from high value lands and ensure 31 
deliberate and strategic engagement in the process. 32 

The Council will continue to monitor changes on the ground, as well as progress towards 33 
implementing this regional resource strategy, and use the mid-term assessment of the Ninth 34 
Plan to refine its direction to the region and Bonneville as needed.  35 

RES-2 Implement the conservation program, including the model conservation standards. The 36 
Power Act requires that the Council include in the power plan a conservation program to be 37 
implemented by Bonneville and the region. The Ninth Plan conservation program described 38 
in Chapter 5 includes acquiring the cost-effective conservation in the regional resource 39 
strategy (RES-1), as well as additional actions focused on reducing costs, pursuing 40 
weatherization in leaky homes, improving performance of heat pumps, and exploring 41 
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opportunities for deeper savings in commercial buildings. The conservation program also 1 
highlights the importance of evaluating delivery of conservation to ensure reliability of energy 2 
savings and improve program design for more effective delivery of the resource in the long-3 
term. Bonneville, utilities, the Energy Trust of Oregon, and Northwest Energy Efficiency 4 
Alliance (NEEA) should implement the Ninth Plan’s conservation program.  5 

RES-3 Increase the pace of resource development through streamlining permitting and 6 
interconnection. The implementation of the Ninth Plan’s regional resource strategy will 7 
require the region to develop resources at a faster pace than it has in recent history. This 8 
requires addressing resource permitting, transmission interconnection, and utility planning 9 
timelines.  10 

State and federal agencies should endeavor to streamline the administrative burden of siting 11 
facilities. This could be accomplished through various mechanisms, including a “one-stop 12 
shop” approach that places all siting requirements for a facility under one regulatory 13 
umbrella. As an interconnected power system, the Council also sees benefit from increased 14 
coordination between individual state agencies, including identifying opportunities for 15 
increasing consistency in the siting and permitting processes across states. 16 

Transmission providers, including Bonneville, should continue to focus on interconnection 17 
queue reform, building upon the success of the Federal Energy Regulatory Commission 18 
(FERC) Order 2023. This order implemented a cluster study “first ready, first served” 19 
approach, increasing financial readiness and site control requirements for facilities and 20 
enforcing deadlines and penalties on transmission providers that fail to complete 21 
interconnection studies on time. The order also deployed reforms that would better 22 
incorporate technological advancements in the interconnection process. This includes 23 
increasing flexibility, allowing hybrid resources to have a single request in the queue, and 24 
encouraging providers to consider alternative transmission solutions, such as grid enhancing 25 
technologies. The Council has specific recommendations for Bonneville around 26 
transmission development and interconnection, as described in Action Item BPA-7. 27 

Bonneville and utilities, especially those utilities that provide transmission services, should 28 
plan farther into the future for generation needs than they have historically. Recognizing the 29 
cumulative amount of new resources required to meet growing need, even the most 30 
effective siting and interconnection processes will require longer lead times than they have 31 
in the past. Preemptive planning for new generation will help to ensure that resources are 32 
available and online in the time required to serve load.  33 

The Council notes that this focus on accelerated development should not be at the expense 34 
of environmental quality or public engagement. As stated in Action Item RES-1, the Council 35 
recommends that siting authorities continue to ensure that new resource development is 36 
carried out in a manner that protects fish and wildlife and cultural resources of the Pacific 37 
Northwest. 38 

RES-4 Explore opportunities to leverage the flexibility of the existing hydropower system to 39 
support the integration of new resources and resource adequacy. The Council’s resource 40 
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strategy assumes that the region uses the available flexibility of the existing system, 1 
including flexibility of the regional hydropower system during the fall and winter. The 2 
Council’s GENESYS model shows more daily flexibility in the existing hydropower system 3 
(even within the existing constraints) than is used today. This flexibility is best understood 4 
from a systemwide level, as the Council recognizes that actual flexibility is more limited at 5 
specific projects. The region, including the hydropower operating agencies, should explore 6 
where flexibility exists, and seek to maximize that flexibility to better support the integration 7 
of new resources recommended by the Council in the regional resource strategy. For 8 
example, regional entities have historically had coordination agreements that allowed for 9 
more efficient use of the regional hydro system. Improving coordination of the river system is 10 
one approach for increasing flexibility overall.  11 

At the same time, the Ninth Plan’s regional resource strategy assumes implementation of 12 
the Council’s 2026 Fish and Wildlife Program. In measures H18 and H19 of this Program, the 13 
Council explicitly calls on operators to operate the system to minimize ramp rates (the rate 14 
of change) and daily flow fluctuations (minimum and maximum daily flows) in the Columbia 15 
and lower Snake rivers during the spring and summer migration periods to keep water 16 
flowing and juvenile fish moving downstream. This requires that the region implement the 17 
regional strategy in a way that minimizes this flexibility during those periods to benefit fish 18 
survival. 19 

RES-5 Improve understanding of the Northwest gas supply and gas-electric interdependence. 20 
During the January 2024 Northwest cold weather event, the natural gas system (existing 21 
pipelines and storage facilities) was heavily utilized for heating and power generation. There 22 
were some gas system challenges during that event, including a storage facility going offline 23 
briefly, that highlighted the reliance of the electric system on the gas system. Today, as the 24 
Northwest power system plans to add more gas generation via coal-to-gas conversions and 25 
new builds, it is of growing importance to better understand gas-electric interdependence, 26 
and fuel availability limits on the gas system. The Council accounted for existing constraints 27 
in the natural gas system in its analysis and ultimate regional resource strategy 28 
recommendations. The Council recognizes, however, that additional insight into these gas 29 
system limits, options and costs for alleviating these limits, and the timelines associated 30 
with those options will be beneficial for the region. The Pacific Northwest Utilities 31 
Conference Committee (PNUCC) and the Northwest Gas Association are actively 32 
discussing the issue of gas-electric interdependence. The Council is supportive of that work 33 
and encourages them to further investigate these questions as part of that effort.   34 

RES-6 Minimize seams between the two day-ahead markets emerging in the region. Unlike 35 
other parts of the country, the Northwest power system generally operates within a bilateral 36 
(decentralized) market where electricity buyers and sellers directly negotiate contracts for 37 
power. In recent years, the region has been developing two potential day-ahead markets: the 38 
Extended Day-Ahead Market operated by the California Independent System Operator 39 
(CAISO) which went live in May 2026 and the Markets+ offering from the Southwest Power 40 
Pool that is expected to go live in 2027. These two markets can provide better optimization 41 
for resources in the day-ahead across a larger footprint than is currently possible under the 42 
bilateral market of today. Two markets fulfilling similar needs creates the potential for new 43 
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market seams that ultimately decrease economic efficiencies and add costs for the region. 1 
The Council recommends that the CAISO, Southwest Power Pool, and market participants 2 
work together to minimize the seam costs between these two markets. This will be critical 3 
for reducing overall system costs and related impacts on ratepayers.  4 

Recognizing the region is currently moving towards two day-ahead markets, the Council also 5 
recognizes that the Northwest system can operate more efficiently and costs for consumers 6 
can be reduced to the extent that the region can participate fully in a larger, organized, 7 
equitable, seamless market. Benefits from organized markets and regional transmission 8 
organizations include greater grid utilization, expanded resource diversity, accelerated 9 
investment in necessary grid upgrades, and better valuation of demand-side and distributed 10 
resources. The Northwest can reap these benefits by moving toward a fully organized market 11 
that delivers the reliability benefits and cost savings of west-wide resource breadth and 12 
diversity. 13 

RES-7 Participate in a resource adequacy program. In addition to day-ahead markets, there are 14 
adequacy programs forming across the West. These programs seek to address resource 15 
adequacy needs by setting common standards for planning of resources and allowing for 16 
participants to pool and share resources during tight power system operations. The two 17 
programs are currently developing roughly along the lines of the two day-ahead markets. The 18 
first is the Western Resource Adequacy Program operated by the Western Power Pool. This 19 
program is a requirement for participation in the Markets+ day-ahead market. The second 20 
program is actively being developed by utilities participating in the CAISO day-ahead market. 21 
Regardless of the program, the Council recommends that utilities participate in one of these 22 
two resource adequacy programs. Participating in a resource adequacy program ultimately 23 
decreases the costs required to maintain resource adequacy.  24 

RES-8 Continue to explore conventional geothermal. In addition to the resources identified in the 25 
RES-1, the Council recommends the region continue to explore the potential for 26 
conventional geothermal. The Council’s modeling results show conventional geothermal 27 
being selected in every single sensitivity. Due to the long timelines required to identify and 28 
develop at an appropriate location, this resource was not available to the model until after 29 
the Action Plan period, and the Council is not including this in the resource 30 
recommendations for the Action Plan period. The Council does, however, encourage utilities 31 
seeking clean energy resources to continue to explore the potential for this resource, as it 32 
might be part of the cost-effective resource solution in the longer term. 33 

As discussed in Chapter 3, the Council is required to develop and include “a demand forecast of at 34 
least twenty years….” This forecast is both an early input into the planning process, as well as a final 35 
output. The final output forecast, the “sales forecast,” represents the forecasted future loads after 36 
accounting for the cost-effective amount of demand side resources as described in Action Item RES-37 
1. Conservation and voltage regulation reduce the loads on an hourly basis. Demand response shifts 38 
the energy to a different time, such as shifting from evening to early morning hours. Combined, these 39 
demand side resources reduce overall loads and shift the hourly use patterns. By 2032, the average 40 
reduction in annual load across all forecast trajectories is 4.2% (see Figure 4 - 5). This impact is higher 41 
for peak hours, with peak loads reduced by 4.8% in that period (see Figure 4 - 6). As is seen in both 42 
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figures, assuming a similar level of investment in these resources over the longer term, these annual 1 
energy and peak load reductions increase further. The generating resources recommended in the 2 
regional resource strategy provide a cost-effective solution for meeting the remaining forecasted load 3 
growth in the near term. 4 

Figure 4 - 5: Ninth Plan Energy Demand Forecast, Accounting for Resource Strategy 5 
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Figure 4 - 6: Ninth Plan Peak Demand Forecast, Accounting for Resource Strategy 1 

 2 

Recommendations to Bonneville 3 

In addition to providing important guidance to the region, the Council’s power plan has a direct 4 
connection to Bonneville and its decisions around acquiring new resources to meet its obligations. In 5 
addition to providing a resource strategy for the region, the Council is to provide recommendations to 6 
Bonneville for new conservation measures and generating resources to reduce or meet the 7 
Administrator’s obligation. This includes Bonneville’s obligations for both power sales and 8 
implementation of the Council’s fish and wildlife program. The following section includes the 9 
Council’s recommendations to Bonneville for new resource acquisition.  10 

BPA-1 Achieve Bonneville’s share of the regional targets for cost-effective conservation 11 
resource acquisition. To support regional resource adequacy needs, the Council 12 
recommends that Bonneville acquire its share of the regional conservation target: 13 
 14 

Resource Amount by 2032 

Conservation 435 aMW total 
390 aMW OR/WA (up to $150/MWh) 

45 aMW ID/MT (up to $70/MWh) 
 15 
This amount of conservation represents the cost-effective portion within the service areas of 16 
Bonneville customers. Bonneville should use the Council’s methodology and associated 17 
parameters for cost-effectiveness to identify efficiency opportunities at levels that are cost-18 
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effective for consumers. This includes managing its portfolio to the two different cost-1 
effectiveness thresholds identified in that methodology. 2 

Of the cost-effective conservation, the Council recommends that Bonneville plan to acquire 3 
at least 90% of it from cost-effective conservation programmatic savings. This includes 4 
savings currently funded through Bonneville’s program (whether via the Energy Efficiency 5 
Incentive or self-funded utility contributions), as well as savings apportioned to Bonneville 6 
by NEEA. 7 

If evaluation of the conservation achievements through the Council’s annual Regional 8 
Conservation Progress report indicates that Bonneville’s achievements fall short of the 9 
Council’s recommendation, Bonneville and the Council should work cooperatively to 10 
understand and address the underlying cause of this shortfall. The Council will continue to 11 
work with Bonneville, NEEA, and the regional utility community to ensure that the Regional 12 
Conservation Progress report, which the Council was directed by Congress to produce 13 
annually, accurately reflects the regional conservation achievement. 14 

BPA-2 Identify opportunities to modernize the conservation program. The Council recognizes 15 
that there are challenges to acquiring cost-effective conservation across Bonneville’s 16 
customer utilities. The amount and type of conservation available varies across the region 17 
and across the customer utility base. For utilities within urban centers, efficiency may be 18 
more readily accomplished, given the greater availability of contractors and suppliers of 19 
efficient products and easier access to a large and diverse number of customers. In 20 
contrast, utilities with a rural customer base (primarily residential and agricultural) have 21 
significant challenges and fewer resources for implementing cost-effective efficiency 22 
programs. 23 

The Council also recognizes that while the dual target set forth in the Ninth Plan provides 24 
valuable signals regarding the locational value of conservation, it also creates an added layer 25 
of complexity. The Council encourages Bonneville to incorporate flexibility that minimizes 26 
complexity in its program, while ensuring cost-effective conservation is acquired to meet the 27 
region’s needs. This includes incorporating elements that provide variability to better meet 28 
each customer utility with a suite of measures that is relevant and cost-effective for them 29 
and their consumers, as well as considering changes to funding necessary to support this 30 
approach (i.e. avoid cross-subsidization). 31 

Recognizing that Bonneville has set rates for fiscal years 2027 and 2028 – and that the 32 
existing Energy Conservation Agreements are in place for that same time period – the 33 
Council is not requiring full implementation of the dual target immediately. Bonneville should 34 
use the first two years of the Action Plan to work with the Council and customer utilities to 35 
identify and develop necessary changes to support implementation of this dual target under 36 
the new Energy Conservation Agreements starting fiscal year 2029. During that time, 37 
Bonneville should continue to acquire savings consistent with the overall target of 435 38 
average megawatts, leveraging existing flexibility in the program to start moving towards dual 39 
target implementation where feasible. 40 
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BPA-3 Enable and encourage customer utilities to pursue the recommended demand 1 
response. The regional resource strategy identifies 590 megawatts of cost-effective 2 
demand response, with a particular focus on frequently deployable products as providing 3 
the most benefit to the system. Bonneville should enable and encourage its customer 4 
utilities to pursue demand response. This includes providing expertise to support program 5 
design, particularly for those customer utilities without sufficient bandwidth to develop 6 
complex programs. 7 

Under Bonneville’s current contracts, many customer utilities do not have sufficient price 8 
signals to see value in pursuing demand response and are limited in their ability to provide a 9 
demand response resource to another utility, both within and external to the pool of 10 
Bonneville customer utilities. Bonneville’s new Public Rate Design Methodology provides 11 
important new tools, including the new capacity credit, that could be leveraged to send 12 
appropriate signals in support of demand response. Bonneville should use the tools in this 13 
methodology to provide sufficient cost signals in support of demand response.  14 

BPA-4 Continue to develop and identify opportunities for supporting customer utilities in 15 
implementing voltage regulation. Whether pursued as conservation or demand response, 16 
voltage regulation is a critical piece of the Council’s regional resource strategy. Bonneville 17 
has been exploring pilots to support customer utilities in developing this resource. The 18 
Council recommends Bonneville continue to develop those opportunities and seek to 19 
expand voltage optimization across the customer utility base. Any acquisition of this 20 
resource should be made in addition to the recommended conservation and demand 21 
response acquisition in Action Items BPA-1 and BPA-3. 22 

BPA-5 Acquire renewables as needed to meet identified energy needs. Bonneville’s needs 23 
under its new contracts are unknown at this time.113 Under these contracts, Bonneville may 24 
need to acquire new resources, beyond conservation, to meet its obligations. The Council 25 
recommends that Bonneville acquire renewables to meet energy needs. Renewables are a 26 
cost-effective, reliable way of providing energy to the system. 27 

Traditionally, Bonneville’s needs assessments have shown that energy is the driver of needs, 28 
not capacity. The Council’s regional resource strategy puts together a portfolio of resources 29 
that is cost-effective for the system, and renewables are included as a cost-effective way to 30 
provide energy. Between its hydropower base and transmission position, Bonneville is well 31 
positioned to support the integration of renewables. Bonneville’s acquisition of renewables 32 
also supports the region in achieving the overall balance of supply side resources 33 
recommended in the portfolio approach outlined in Action Item RES-1.  34 

 

 
113 Bonneville will provide up to 7,250 average megawatts at a Tier 1 rate. Customer utilities have until late July 2026 to 
sign up for a Tier 2 product. Investor-owned utilities and utilities with new large single loads also can request service from 
Bonneville, which it would provide at a New Resource rate. The timing of these decisions is after the draft of the Power 
Plan. Therefore, the Council is unable to determine the full power sales obligation.  
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BPA-6 Assess whether storage (including hybrid renewable and storage) or natural gas are a 1 
more cost-effective approach to supporting a capacity need. While Bonneville has 2 
traditionally not been capacity constrained, the Council recognizes that its needs may shift. 3 
Should Bonneville identify a need for capacity through its needs assessment or other 4 
determination of need, Bonneville should assess whether storage or natural gas provides a 5 
more cost-effective approach to meeting that need. Both storage and natural gas are cost-6 
effective ways to provide capacity in the Council’s strategy. For storage resources, the 7 
Council recommends Bonneville also assess the potential for hybrid renewable plus storage 8 
resources in this analysis. Finally, the Council recommends Bonneville consider the overall 9 
resource acquisition in the region relative to the Council’s regional resource strategy (Action 10 
Item RES-1) as part of this assessment. 11 

BPA-7 Develop already identified transmission projects and engage with the region on 12 
identifying and developing additional transmission capacity expansion. Bonneville 13 
currently owns around 70% of the regional transmission, and it has a critical role in the 14 
region’s transmission future. Bonneville has identified a set of projects that it is advancing 15 
through its Grid Expansion and Reinforcement Portfolios. The regional resource strategy 16 
assumes this transmission will be developed. These projects must be completed in a timely 17 
fashion.  18 

Bonneville is also working on a process for evaluating, expanding, and improving access to 19 
the transmission system through the Grid Access Transformation Project. This work is 20 
critical to ensure that Bonneville is well positioned to support the transmission capacity 21 
expansion and interconnection needed for resource adequacy.  22 

The Council recommends that Bonneville continue to engage with regional entities on 23 
transmission planning and development (see Action Item T&D-1). Bonneville should be the 24 
regional leader in identifying and developing cost-effective transmission capacity expansion. 25 

BPA-8 Prepare for rapid resource acquisition. Bonneville has not acquired the output of a large 26 
supply side resource in decades. As noted above, it may need to do so under the new 27 
Provider of Choice contracts. Given the long planning horizons for bringing on new resources 28 
and the competitiveness of the resource acquisition landscape, Bonneville will have to be 29 
well positioned to act quickly when a need is identified. The Council recommends that 30 
Bonneville, working with the Council and regional entities, put into place a clear and ready-31 
to-deploy resource acquisition process in advance of when the need arises. This includes 32 
establishing clear guidelines around when and how to trigger a 6(c) process under the 33 
Northwest Power Act if necessary.114  34 

 

 
114 As outlined in Section 6(c) of the Northwest Power Act, Bonneville must undergo a specific public process in advance 
of acquiring a major resource, defined as 50 average megawatts or greater or longer than 5 years. This is commonly 
referred to as the 6(c) process. 
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Data Centers and High-Tech Sector 1 

As highlighted in Chapter 2 of this Plan, the recent and forecasted load growth in the data center and 2 
high-tech sectors is one of the biggest challenges facing the region’s power system. The services 3 
provided by data centers are a core part of everyday life. The power needed to serve these loads will 4 
require the development of new resources, driving the pace of resource development beyond recent 5 
trends. Recognizing the importance of power to their bottom line, several of the large data center 6 
companies have committed to supporting the development of the power system through investment 7 
in emerging technology innovation and transmission expansion. The Ninth Plan’s Action Plan provides 8 
two specific recommendations for working with data centers, focused on identifying opportunities to 9 
support system flexibility and reduce overall load impacts through efficient design.  10 

As part of its annual studies and mid-term assessment of the Ninth Power Plan, the Councill will 11 
monitor changes in load and resource development. Specifically, the Council is interested in tracking 12 
actual growth of high-tech loads. The Council may refine its direction to the region and Bonneville to 13 
support successful implementation, as needed.  14 

DC-1 Work with data centers and other high-tech loads on approaches to provide flexibility to 15 
the system. The loads from these sectors are large and relatively flat. The Ninth Plan 16 
analysis shows significant value in the flexibility of the power system. Regional utilities 17 
should work with these loads to identify opportunities to provide flexibility to support 18 
resource adequacy and system reliability. The most effective approach is likely site specific, 19 
depending on the nature of that facility and the requirements of the utility. Approaches being 20 
pursued to date include working with large loads to leverage the site’s backup generation to 21 
provide flexibility (thereby reducing the overall reserve requirement for a utility), shifting non-22 
time-critical data center workloads away from peak demand periods, and reallocating 23 
workloads to different data center locations where the grid is less strained.  24 

Due to the pace of these growing loads, the Council sees urgency in working with these 25 
entities on approaches to a flexible supply in the near term. The Council recommends 26 
utilities work with these large loads to pursue those options that can be quickly and 27 
efficiently deployed, while continuing to encourage long-term research into a broader suite 28 
of tools to address this challenge. Additionally, as discussed in Action Item RES-1, some of 29 
the storage recommended in the regional strategy might be required for these large loads. 30 
Utilities should work with data centers and other high-tech companies seeking to acquire 31 
these resources to identify potential solutions for how they can be leveraged, if needed, to 32 
support broader system adequacy. 33 

DC-2 Implement the model conservation standard for new data center development. Given 34 
the size of these loads, it is imperative that new data centers are designed as efficiently as 35 
possible to reduce the overall power burden on the system. The Ninth Plan’s Conservation 36 
Program (Chapter 5) includes model conservation standards for new data center loads. 37 
These standards provide a cost-effective way to address power usage (including peak power 38 
usage) and water use in facilities, specifically focusing on the efficiency of the cooling 39 
systems. Incorporating these standards into the design of new data centers provides a cost-40 
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effective approach for reducing the overall power system impact of these loads. States, 1 
cities, and utilities should work with developers to ensure that new data centers are 2 
constructed to this standard. 3 

Transmission and Distribution 4 

The region is running into transmission constraints and needs to identify solutions to address those 5 
constraints to ensure system adequacy. The Council’s regional resource strategy (Action Item RES-1) 6 
assumes additional transmission capacity is available, both through the effective use of the existing 7 
system and the expansion of new capacity. While not specifically modeled, the forecasted loads also 8 
create potential impacts to the distribution system that need to be addressed to ensure system 9 
reliability. The Council has developed a suite of recommendations seeking to increase the urgency 10 
and investment in the transmission and distribution system.  11 

T&D-1 Invest in expansion of transmission capacity. More transmission capacity will be needed 12 
across the West to meet forecasted load growth with the most efficient use of resources. 13 
Recognizing the need for new transmission, Bonneville, utilities, and others have come 14 
together through the Western Transmission Expansion Coalition (also known as WestTEC) 15 
to conduct long-term interregional transmission planning for the West. This effort resulted in 16 
an already released 10-year study. The Council’s regional resource strategy (Action Item 17 
RES-1) assumes the region invests in these identified transmission solutions. The Council 18 
recommends and encourages the region to develop the transmission projects identified by 19 
the study. 20 

Action Item BPA-7 provides specific recommendations to Bonneville highlighting the urgency 21 
of ensuring the needed transmission capacity is developed. The Council extends this 22 
recommendation to all transmission providers, recommending that the region continue to 23 
prioritize transmission investment. The Council recommends that state agencies identify 24 
opportunities to streamline permitting processes to enable faster development of 25 
transmission, while also ensuring that this transmission expansion is not done at the 26 
expense of environmental quality or public engagement. Borrowing the example of 27 
WestTEC, the Council also recommends that transmission providers actively encourage and 28 
solicit public engagement throughout the transmission planning process. This has the 29 
potential to increase buy-in and expedite the pace of transmission development. Finally, the 30 
Council recognizes that cost allocation of new transmission provides a hurdle to new 31 
transmission development. The Council recommends the region continue to work on 32 
addressing cost allocation challenges, leveraging existing processes such as the Western 33 
Interstate Energy Board State Exploration of Western Transmission Cost Allocation 34 
Frameworks.  35 

T&D-2 Accelerate the evaluation and deployment of reconductoring and grid enhancing 36 
technologies. Reconductoring and grid enhancing technologies are strategies to increase 37 
the capacity, flexibility, and reliability of the existing transmission system. The regional 38 
resource strategy assumes some of the needed transmission capacity might come from 39 
these types of improvements to the existing transmission system. Reconductoring, 40 
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particularly using advanced conductors, can nearly double a transmission line’s capacity 1 
within existing rights-of-way and can be deployed in 16 to 32 months. Grid enhancing 2 
technologies—such as dynamic line rating, advanced power flow controls, and topology 3 
optimization—can unlock additional transfer capability and improve grid reliability. These 4 
technologies are effective options to get more of the existing grid in the near term and help 5 
address interconnection queue issues without the costs and timeline of major new 6 
transmission builds. The region’s utilities and transmission providers should consider these 7 
technology options in their transmission planning process.  8 

Additionally, there is a role for state agencies to support the expansion of reconductoring 9 
and grid enhancing technologies. For example, Montana’s HB 729 allowed the state Public 10 
Service Commission to establish cost-effectiveness criteria for reconductoring with 11 
advanced conductors and consider additional benefits offered by the technology, 12 
incentivizing deployment in the state. Oregon’s HB 3336 requires electric companies to 13 
review cost-effectiveness of grid enhancing technologies when filing a resource or gird 14 
investment plan impacting the transmission system. It also requires that electric companies 15 
submit strategic plans with the Oregon Public Utilities Commission to implement cost-16 
effective grid enhancing technologies. Policies like these send signals to transmission 17 
providers that create more parity for assessing reconductoring and grid enhancing 18 
technology options alongside new transmission development. Other policies, such as 19 
expediting or reducing permitting requirements for these technologies, would allow for faster 20 
deployment to support near-term needs. The Council recommends that state agencies 21 
develop policy solutions that create parity in the assessment of these solutions with other 22 
transmission options and minimize development hurdles to support faster deployment.  23 

T&D-3 Explore opportunities to modernize contracting, reserving, and scheduling transmission 24 
access. As described in Action Item T&D-1, the Council sees a need to invest in new 25 
transmission capacity. At the same time, the Council recognizes that there may be 26 
opportunities to improve the utilization of the existing (and future) transmission system. It is 27 
common for a given transmission path to be fully contractually encumbered on a long-term 28 
firm basis, while still having available physical capacity for portions of the year. There is 29 
value in identifying pathways for unlocking this capacity, both as a means of minimizing the 30 
overall needed investment in new transmission capacity and as a potential solution to 31 
minimize the interconnect queue challenges discussed in Action Item RES-3. The Council 32 
recommends the region’s transmission providers work with utilities, load-serving entities, 33 
NorthernGrid, and others to develop a comprehensive review of the existing state of the 34 
transmission system and research potential solutions to increase utilization of the existing 35 
system, while balancing the existing long-term contracts and compensation to transmission 36 
providers.   37 

T&D-4 Manage peak loads from electrification to support distribution system reliability. 38 
Electrification of vehicles and buildings can have significant impact on peak loads, creating 39 
demand spikes. These demand spikes can create challenges for the existing distribution 40 
system equipment, particularly when electrification is concentrated in localized areas, that 41 
may result in service reliability issues or require costly upgrades. The region’s utilities, 42 
particularly in those jurisdictions pursuing electrification, should develop regional and local 43 
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strategies based on new and existing research to mitigate unnecessary peaks and negative 1 
impacts on the distribution system. This includes exploring accelerating the deployment of 2 
infrastructure that can support demand response and allow the easy integration and 3 
coordination of different demand response programs in their systems. Early and thoughtful 4 
investment in these systems and programs will reduce costs of this resource and, in turn, 5 
will help to mitigate and defer some of the long-term investment needed in the distribution 6 
system. This investment also supports deferment of some transmission system 7 
development and the need for additional generation to ensure system reliability.  8 

Research and Development Recommendations 9 

The Northwest Power Act directs the Council to include with the power plan a “recommendation for 10 
research and development.”115 The Council has typically included a suite of recommendations 11 
seeking to expand research and development in key areas that, in the long-term, will help the region 12 
provide for an adequate, efficient, economical, and reliable power supply. The Ninth Plan includes a 13 
suite of these recommendations focused on advancing emerging technologies, improving the region’s 14 
understanding of demand response as a power system resource, and advancing data sets and tools 15 
that improve the assessment of power systems loads, resource needs, and resource potential.  16 

Emerging Technologies 17 

In the Ninth Plan, the Council assessed emerging technologies for both supply side and demand side 18 
resources. On the supply side, the Council developed three emerging technology reference plants, 19 
including a clean baseload proxy, clean medium-duration storage/peaker proxy, and a clean long-20 
duration storage proxy.116 This approach allowed the Council to assess whether there were particular 21 
resource attributes that might be most valuable to the future power system. On the demand side, the 22 
Council incorporated estimates of potential emerging technology conservation measures that provide 23 
deeper savings in the residential, commercial, and industrial sectors into the conservation supply 24 
curve. 25 

The Ninth Plan modeling showed a robust signal for the value of emerging technology resources. The 26 
long-duration and medium-duration storage proxies were selected in all sensitivities for which they 27 
were an option.117 The model also selected the clean baseload proxy in seven of the sensitivities in the 28 
final year of the study.  29 

 

 
115 Northwest Power Act, Section 4(e)(3)(B). 
116 See Technical Appendix G – New Generating Resources for more information on these proxy plants. 
117 One of the assumptions in the Constrained Resource and Transmission sensitivity was a 10-year delay on emerging 
technologies. This pushed the clean medium-duration storage/peaker proxy and the clean baseload proxy outside the 
study horizon. Therefore, these were not a feasible resource for selection in that specific sensitivity. 



DRAFT NINTH POWER PLAN 

 
ACTION PLAN · 113 

 

Figure 4 - 7: 2046 Build of Clean Emerging Technology Proxy Resources 1 

 2 

On the demand side, the bulk of the emerging technology potential estimated was in the highest cost 3 
bin of greater than $200 per megawatt hour in 2024 dollars. Some of the forecasted potential is 4 
estimated at a price that would be within the cost-effective limits, if the technologies were otherwise 5 
considered reliable and available. These are mostly technologies focused on improving the efficiency 6 
of the distribution system, including projects such as transformer right-sizing, phase balancing, and 7 
adding capacitors and regulators.  8 

R&D-1 Invest in emerging technology development. As states and utilities progress towards 9 
achieving clean policy goals, emerging supply side technologies are a part of the solution. 10 
The Council’s modeling demonstrated value in all three emerging technology proxy plants, 11 
with particular emphasis on those proxy plants that provided storage and flexibility to the 12 
system. The Council recommends that national labs, research institutions, and utilities 13 
continue to work with developers and manufacturers to research, explore, and bring to 14 
market these clean emerging technologies. The Council also recognizes that there is active 15 
private investment in the development of these resources. The Council encourages the 16 
region to identify opportunities for partnership, with a focus on advancing those resources 17 
that will best prepare the Northwest for its needs in the long term. 18 

As discussed above, the bulk of the conservation emerging technologies exist in the higher 19 
cost bins. If more conservation were available at a lower cost, that would enable the region 20 
to better meet long-term energy and capacity needs through reducing loads at lower costs 21 
than today. The Council recommends that conservation programs through NEEA, regional 22 
universities, national labs, and others should continue to invest in emerging technology 23 
resources.  24 
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R&D-2 Investigate accelerating the work to replace hydroelectric dam turbines with designs 1 
that increase the generation of electricity while also allowing for increased survival of 2 
migrating fish. The Council’s 2026 Fish and Wildlife Program includes a fish passage 3 
provision calling on the Corps of Engineers and others to continue the development of 4 
improved turbine designs that reduce mortality of migrating fish, including designs that might 5 
generate more electricity at lower amounts of hydraulic head than existing turbine head. For 6 
decades, the focus has been on developing turbines that reduce mortality on juvenile 7 
salmon and steelhead that pass through them. As more fish pass in-river via spill and avoid 8 
the turbines, a focus on researching, designing, and installing turbines that reduce passage 9 
mortality may be waning. On the other hand, new technologies may be emerging that could 10 
both increase fish survival and allow for increased generation per amount of water or head 11 
available. The Council recommends further investigation into the usefulness and cost-12 
effectiveness of replacing existing turbines with turbines that may offer these dual 13 
advantages, thereby increasing generation from the existing hydro system. 14 

R&D-3 Investigate potential value of pairing storage with existing hydro resources. The region 15 
has been pursuing hybrid renewable and storage resources as a cost-effective way to 16 
provide energy and capacity to the system. Less exploration has been done around the 17 
potential value of pairing storage resources with the existing hydro system. While the 18 
Council’s GENESYS model continues to show more flexibility in the existing hydro system 19 
than currently utilized today (see Action Item RES-4), the Council also recognizes that there 20 
are limitations to this flexibility, particularly at some projects, including those limits included 21 
in the Council’s 2026 Fish and Wildlife program for spring and summer operations. As 22 
recommended in Action Item RES-4, the regional resource strategy should be implemented 23 
in a way to minimize this flexibility in these periods to benefit fish survival. Storage, paired 24 
with hydro, might provide an effective way to increase the flexibility of the system, as well as 25 
offer additional benefits. The Council recommends the region’s hydropower operators 26 
investigate this potential through a pilot project that would gather information about 27 
performance and inform whether, and under what conditions, such a resource pairing would 28 
provide value for the broader system. Such an investigation should not only focus on the 29 
power system benefits but also connect to work exploring the most biologically significant 30 
limits on flow fluctuations during migration and determining whether and how this pairing 31 
might support those limits.  32 

R&D-4 Invest in research exploring data center flexibility and grid integration. Data centers 33 
loads are large, generally relatively flat loads. As highlighted in Action Item DC-1, there is a 34 
need to work with these loads to identify opportunities for flexibility to support the 35 
integration of these loads. The Council also believes there is value in a broader research 36 
effort that explores how these loads both contribute to and impact the efficiency of the 37 
power system, and then to apply those learnings to identify approaches to improve 38 
integration of these loads over the long term. The Council recommends that data centers, 39 
utilities, national labs, the Electric Power Research Institute, and others invest in research 40 
exploring approaches for effectively and efficiently integrating these loads into the power 41 
system over the long-term. 42 
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Demand Response 1 

The Northwest power system has traditionally been capacity-rich, resulting in less need for resources 2 
that target peak power needs. This includes demand response. Historically, deployment of demand 3 
response has been concentrated in the agricultural and industrial sectors, and growth of demand 4 
response in the region has been relatively stagnant until 10 years ago. In recent years, however, there 5 
has been a shift in the region to explore more opportunities in other sectors, starting with the 6 
residential sector, and grow the resource portfolio. The Council’s Ninth Plan scenario modeling 7 
identified a need for flexibility in the system to support the integration of new resources and manage 8 
the forecasted peak loads. Demand response is a resource that may provide more benefit to the 9 
system than is currently captured in the Council’s modeling. The following Action Items seek to 10 
improve regional understanding around the potential for this resource.  11 

R&D-5 Develop a cost framework for demand response. In developing the demand response 12 
potential for the Ninth Plan, the Council recognized that there is not a consistent framework 13 
for valuing demand response across the region. While elements like equipment costs can be 14 
well known, there are different approaches and assumptions around setup costs, 15 
incentives, value of lost service, and other values. Additionally, there are potential benefits 16 
from demand response, including frequency response and voltage management, that require 17 
additional quantification. The Council, Regional Technical Forum, NEEA, and other regional 18 
entities should collaborate in the development of a consistent and comprehensive cost 19 
framework for demand response. The framework should seek to account for the full lifecycle 20 
costs and values related to demand response programs. Improving cost assumptions is 21 
critical for resource planning and for the appropriate comparison of demand response to 22 
other resources.  23 

R&D-6 Develop a database of demand response deployment program profiles. Ensuring 24 
continued accuracy of demand response deployment profiles is critical to understanding the 25 
potential role for this resource and support future power planning. Demand response 26 
impacts will vary based on differences in the building stock, as well as different program 27 
designs and dispatch strategies. Understanding how these differences impact demand 28 
response potential is critical to ensuring a reliable resource and system adequacy. In 29 
collaboration with the Regional Technical Forum, Bonneville and utilities should work to 30 
develop a database of deployment profiles that capture consistent data around profile size, 31 
duration, and timing of load reduction and shifting. These profiles should be informed by 32 
program design and baselines, and should include information on program design, event 33 
participation rates, and other information. A key to developing this database may include 34 
evaluation of demand response programs by utilities, using best practices for evaluation. 35 
Evaluations are key to ensuring planning estimates are accurate and the expected impacts 36 
are achieved.   37 

R&D-7 Holistically consider conservation and demand response interactions when assessing 38 
the technical potential of these two resources. The Regional Technical Forum has been 39 
improving its analysis around the interaction between conservation and demand response 40 
resources. This includes understanding when and how conservation measures avoid or 41 
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address peak loads, enable load flexibility through a demand response program, and unlock 1 
deeper or new demand response potential. The Regional Technical Forum should continue 2 
to build on this analysis, understanding the full suite of power system costs and benefits 3 
around deploying these two resources.  4 

R&D-8 Explore long-duration demand response products. The needs assessment for the Ninth 5 
Plan shows a need for resources that can mitigate long-duration events, particularly in the 6 
winter. The Council did not include in its modeling of demand response potential products 7 
that address this specific power system challenge. There is recognition that getting 8 
customers to commit to long-duration programs may be challenging, however, some utilities 9 
in the region have started to develop programs that address these events. The Council 10 
encourages Bonneville and utilities to continue to investigate these offerings, initially through 11 
pilots, to understand where potential exists, limitations to achieving that potential, and 12 
possible solutions to addressing barriers.  13 

R&D-9 Work with national organizations and manufacturers on consistent control and 14 
communication protocols for demand response products. There is currently a generally 15 
agreed upon control and communications protocol to support demand response with water 16 
heating. Having a single communication protocol that is independent from the specific 17 
manufacturer’s equipment has the potential to broaden program deployment and, 18 
ultimately, reduce the cost of this resource. Bonneville and regional utilities, working through 19 
NEEA, should engage with national organizations and manufacturers on developing more 20 
consistent control and communication protocols for other key demand response end-use 21 
technologies and equipment. In these efforts, the region should work towards encouraging 22 
manufacturers to integrate these protocols directly into their equipment, which will remove 23 
the need for additional third-party proprietary hardware that can add costs and create added 24 
implementation barriers.   25 

Conservation 26 

R&D-10 Investigate the tradeoffs and feasibility of using debt to acquire conservation and 27 
allowing a rate-of return on that conservation resource acquisition. Utilities typically use 28 
debt to acquire supply side resources, which has the advantage of reducing the near-term 29 
impact on utility rates by smoothing the acquisition cost over time. Additionally, investor-30 
owned utilities can use supply side resource acquisitions to increase the value of the utility’s 31 
assets needed to provide service to customers (also known as their rate base). They then 32 
can earn a regulated rate of return on that rate base, thereby increasing earnings which is 33 
beneficial to shareholders.  34 

Conservation is typically acquired with capital, which can lead to short-term rate impacts. It 35 
is also typically excluded from the rate base calculations for investor-owned utilities, 36 
reducing the incentive investors might see in this resource. Both of these differences create 37 
disparity between conservation acquisition and supply side resources. The Council 38 
recommends the region, including utilities and commissions, explore the tradeoffs, 39 
regulatory hurdles, and potential benefits of aligning the treatment of conservation resource 40 
acquisition with that of supply side resources. 41 
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Data Sets and Tool Development 1 

Through the development of a power plan, the Council identifies areas of data and tool development 2 
required to improve our understanding of loads and resources and our ability to forecast and assess 3 
power system needs. The Council has developed the following recommendations for the region to 4 
address priority areas in advance of the Council’s next power plan. 5 

R&D-11 Continue to fund regional stock assessments. Through NEEA, the region has conducted 6 
regular stock assessments to provide snapshots of the existing building stock. This includes 7 
information on the number of buildings, size, use, types of equipment installed, availability of 8 
products with controls, and more. In recent years, these assessments have focused on the 9 
residential and commercial sectors, with more recent investment in a stock assessment for 10 
motor systems. These assessments provide critical information to inform load forecasting 11 
and the potential for demand side resources. They also can provide insights to guide demand 12 
side program investment. 13 

The Council recommends that the region’s utilities, through NEEA, continue to invest in 14 
regular residential, commercial, and motor systems stock assessments. The Council also 15 
recommends that these efforts be enhanced to include more data collection for multifamily 16 
buildings, including both tenant spaces and central building systems. Multifamily buildings, 17 
particularly the central systems, are a gap area in the region’s understanding of existing 18 
loads and potential.  19 

The Council also recommends the region consider a stock assessment for the data center 20 
sector. Key data elements would be location, energy consumption (including a breakdown of 21 
consumption by equipment), and other site-specific information that could inform future 22 
load forecasting and other power system analysis. 23 

R&D-12 Develop benchmark end-use datasets. End-use data is critical to inform load forecasting 24 
and provide information around demand side resource potential. The region, through NEEA, 25 
has recently collected valuable end-use data in the residential and commercial sectors. 26 
This, combined with the regional stock assessments, provides a rich set of data that can be 27 
used to support load forecasting and demand side resource analysis. There are other 28 
datasets from outside the region, such as the U.S. Energy Information Administration, that 29 
can be used to supplement and enhance the regional data. The Council recommends that 30 
NEEA and the Council work together on creating a consistent and high-quality process and 31 
dataset for characterizing both current and expected future electric end-use data to support 32 
future power planning efforts at the Council and elsewhere in the region. 33 

R&D-13 Characterize electrification potential. The Ninth Plan’s load forecast shows significant 34 
growth potential from the electrification of loads, including transportation, buildings, and 35 
potential industrial loads. There is still significant uncertainty around the overall potential for 36 
these electrification loads. The Council recommends that the region, including NEEA, 37 
regional utilities, national labs, and industries, collaborate on the development of 38 
electrification potential datasets. This would provide value to the Council and regional 39 
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utilities’ load forecasting efforts and help inform estimates of demand side resource 1 
potential.  2 

R&D-14 Update climate model informed temperature, precipitation, and stream flow forecasts. 3 
For the Ninth Plan, the Council used climate model informed data provided by the River 4 
Management Joint Operating Committee. These data inform load forecasts, hydro 5 
conditions, and solar and wind availability. When developing the Ninth Plan load forecasts 6 
and resource potential, the Council’s Climate and Weather Advisory Committee 7 
recommended the Council use a newer vintage of climate model data in its analysis. These 8 
data do not include all the necessary information to support the Council’s modeling, 9 
including accounting for irrigation and evaporation effects. Using these data would also 10 
require updated rule curves at various projects to enable simulation of hydro operations. 11 
Due to the time required for these efforts, it was not realistic for the Council to incorporate 12 
updated climate model data in this power planning cycle. The Council recommends the 13 
region, including climate scientists, national labs, universities, Bonneville, and utilities, 14 
collectively work to update the climate model and related hydro data in advance of the next 15 
Council plan.  16 

R&D-15 Develop an approach to better forecast carbon prices for modeling. Washington, 17 
California, and Canada all have carbon pricing. The carbon market in Washington is still 18 
relatively new, and there is currently no consensus across regional forecasting entities on 19 
how to incorporate carbon price forecasts into power system modeling. The Council 20 
recommends using its System Analysis Advisory Committee to improve understanding of 21 
these markets and work to develop a consensus approach for incorporating carbon pricing 22 
into future power system modeling.  23 

R&D-16 Develop an updated irrigation demand dataset. The modified stream flows used in the 24 
Council’s models account for irrigation depletions, return flows, and evaporation effects. 25 
The Council relies on data from Bonneville to inform these assumptions. Based on the 26 
historical frequency of updating this data, the Council anticipates the next round of data will 27 
be available around 2030. The Council would like to work with Bonneville during this next 28 
update to increase the granularity of data to better support the Council’s enhanced suite of 29 
modeling tools.  30 

R&D-17 Revisit the Council’s assumed market reliance limit. The Council assumes a 2,500-31 
megawatt winter and 1,250-megawatt summer market reliance limit as a hedge against 32 
relying too heavily on the market. This limit, which is lower than the actual total transfer 33 
capacity, was established through the Council’s Resource Adequacy Advisory Committee 34 
(RAAC) and directly connects to the Council’s multi-metric approach for assessing resource 35 
adequacy. The RAAC periodically revisits these limits, and it agreed to keep these assumed 36 
limits in place for the Ninth Plan analysis. The Council has observed in recent market events, 37 
such as the MLK weekend storm in 2024, the market exceeded the limit in order to serve 38 
needed loads in the Northwest. The planned transmission capacity expansion will add 39 
additional transfer capacity, which might also impact how the region considers this market 40 
reliance limit. The Council recommends using the RAAC to conduct a dedicated 41 
reevaluation of the market reliance limit. Should this reevaluation result in a 42 
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recommendation for an updated limit, the RAAC should also consider how that updated limit 1 
would influence the Council’s multi-metric adequacy criteria and provide recommendations 2 
on any required updates to those thresholds. This work should take place to inform the 3 
Council’s mid-term assessment of the Ninth Power Plan. 4 

R&D-18 Review the Council’s tools and analytical methods. As is customary between power 5 
plans, the Council will undertake a comprehensive review of the analytic methods and 6 
models that are used to support the Council’s decisions in the power plan. The goal of this 7 
review is to improve the Council’s ability to analyze major changes in regional power system 8 
and in Bonneville’s portion of this system, which will help make recommendations to ensure 9 
a low-cost, low-risk power system for the region. This review will focus on methods for 10 
modeling or representing regional power system concerns including, but not limited to, 11 
hydropower operations, capacity and flexibility constraints for all generation types, market 12 
fundamentals associated with all generator fuel sources, existing system conversions, 13 
emerging technologies and demand response attributes, and transmission availability and 14 
costs, to better address these issues in future power plans.  15 
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Chapter 5:  1 

Conservation Program 2 

The Northwest Power Act identifies conservation as a priority resource to meet power system needs. 3 
Conservation is acquired throughout the region via a mixture of utility-run programs, market 4 
transformation efforts, broader market adoption, as well as codes and standards. Over the last 5 
decade, the region has invested between $400-$600 million annually in acquiring this resource. Since 6 
the 1980s, Bonneville Power Administration, the region’s utilities, the Energy Trust of Oregon, NEEA, 7 
and others have collectively acquired over 8,000 average megawatts of conservation (see Figure 5 - 8 
1). For context, this is enough energy to provide continuous power to seven cities the size of Seattle. In 9 
terms of annual energy, conservation is the second largest resource in the Pacific Northwest, behind 10 
hydropower. In 2024, this level of conservation reduced Northwest consumer energy bills by around 11 
$7.3 billion.  12 

Figure 5 - 1: Cumulative Regional Savings Since 1980 13 

 14 

Conservation provides energy to the region by lowering loads and the requirement to otherwise meet 15 
those loads with generating resources. Conservation can also support states and utility clean policy 16 
requirements and goals in the region. While much of the low-cost conservation from products like 17 
residential appliances and lighting has been acquired, there continues to be significant potential for 18 
new conservation to reduce loads and meet regional power system needs. The Ninth Power Plan’s 19 
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regional resource strategy identifies conservation as a key element of the portfolio approach to meet 1 
the region’s future needs. This chapter covers the Council’s comprehensive approach for 2 
conservation acquisition under the Ninth Power Plan.  3 

Recommended Cost-Effective Conservation 4 

The Council conducted scenario modeling analyzing a range of uncertainty around forecasted loads, 5 
resource availability, natural gas prices, transmission availability, and hydro conditions. The Council’s 6 
regional resource strategy (detailed in Action Item RES-1) draws on the suite of scenario modeling 7 
results, as well as feedback from the Council’s advisory committees. Specific to conservation, the 8 
Council considered both the near- and long-term results, as well as locational information from the 9 
modeling, to develop a cost-effective target for conservation.  10 

Conservation was acquired in every sensitivity to provide energy to the system, reduce loads (and 11 
thereby lower planning reserve margin requirements), and meet clean policies and goals. The amount 12 
of conservation acquired in each sensitivity varied based on the assumed costs and constraints of 13 
other resources. To maintain adequacy, the model selected more conservation when supply side 14 
resources were limited and when the costs for those resources were higher. Less conservation was 15 
selected in sensitivities with lower prices for supply side resources, particularly renewables, as those 16 
resources start to become a more cost-effective way to provide energy to the system.  17 

The modeling showed that more conservation, including higher cost conservation, was required over 18 
time to support long-term resource adequacy. The model also showed strong locational differences in 19 
the value of conservation, with the model consistently going higher up the cost curve for conservation 20 
on the west side of the region relative to the east. The Council used the information from across the 21 
sensitivities to define a total amount of cost-effective conservation. The regional strategy seeks to 22 
invest sufficiently in conservation in the near term to both prepare for long-term needs, while also 23 
hedging against the risk from near-term supply side development constraints. The Council created a 24 
dual target for conservation to represent the cost-effective differences between the west and east 25 
side of the region. 26 

The Council’s recommendations for conservation, alongside the broader set of portfolio 27 
recommendations, provide for an adequate, efficient, economical, and reliable power supply. The 28 
following section expands on the specific recommendations for cost-effective conservation resource 29 
acquisition with additional detail around actions required to ensure an adequate supply.  30 

CON-1 Acquire conservation consistent with the regional resource strategy and the related 31 
cost-effectiveness methodology and associated amounts. The Council recommends the 32 
region achieve 1,060 average megawatts of conservation regionally, with 860 average 33 
megawatts coming from the states of Oregon and Washington and 200 average megawatts 34 
coming from the states of Idaho and Montana, by 2032. 35 

Of this, the Council recommends Bonneville acquire 435 average megawatts of 36 
conservation, with 390 average megawatts coming from Oregon and Washington and 45 37 
average megawatts from the states of Idaho and Montana.  38 
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The Council developed this dual target approach to reflect the diverse value of conservation 1 
across the region while also seeking to minimize the potential complexity of implementing 2 
programs with differing avoided costs across a single programmatic footprint.118 This level of 3 
investment would achieve 3,950 average megawatts regionally by 2046, the end of the Ninth 4 
Plan period. The recommended cost-effective conservation assumes acquiring conservation 5 
up to $150 per megawatt hour, in 2024 dollars, in Oregon and Washington and up to $70 per 6 
megawatt hour, in 2024 dollars, in Idaho and Montana. These are considered “input” 7 
levelized costs, as they reflect the costs and benefits for the measures in the development 8 
of the conservation supply curve.  9 

After determining the cost-effective amount of conservation, the Council developed a cost-10 
effectiveness methodology, which provides a way for the Council, Bonneville, regional 11 
utilities, NEEA, and state programs to assess the cost-effectiveness of new and updated 12 
conservation measures relative to the Ninth Plan resource strategy.119 Bonneville, NEEA, the 13 
region’s utilities, and state programs should use the Council’s methodology and parameters 14 
to guide cost-effective implementation of the Ninth Plan.  15 

The table below provides annual milestones towards the conservation target, both for 16 
Bonneville and the region: 17 

 2027 2028 2029 2030 2031 2032 

Regional 177 353 530 707 883 1,060 

Oregon and Washington 143 287 430 573 717 860 

Idaho and Montana 33 67 100 133 167 200 

Bonneville 73 145 218 290 363 435 

Oregon and Washington 65 130 195 260 325 390 

Idaho and Montana 8 15 23 30 38 45 

These annual milestones are not hard targets but provide a basis from which to track the 18 
region’s progress towards the Council’s conservation target. Recognizing that conservation 19 
spending is relatively consistent year-over-year, the Council assumed a linear ramp for 20 
creating these milestones.  21 

 

 
118 The Council received significant input during the development of the draft plan on the proposed dual target approach for 
conservation. To provide more context around the Council’s analysis that informed this proposed dual target and some 
power system analysis around transitioning to a single target, the Council developed Technical Appendix Q – Analysis of 
Dual Versus Single Target for Conservation. Throughout the public comment period on this draft Plan, the Council is 
committed to continuing the conversation about these two approaches. The Council is seeking public comment that 
provides specific recommendations for how to improve upon the proposed regional resource strategy while still ensuring 
the region has an adequate, efficient, economical, and reliable power supply. 
119 The full methodology, including parameters, is detailed in Technical Appendix O – Cost-Effective Conservation 
Methodology and Results. 
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The Council, through its annual Regional Conservation Progress report, will track regional 1 
progress towards the Ninth Plan cost-effectiveness target. As part of that effort, the Council 2 
will seek to understand how the region is applying the dual target approach for acquiring the 3 
recommended cost-effective conservation. This will provide valuable information for 4 
providing adaptive guidance throughout the implementation of the Ninth Plan.   5 

The Council will also work to ensure that all reported savings in this process reflect the long-6 
term resource savings. Emphasis will be placed on tracking savings for conservation 7 
measures that have estimated lifetimes shorter than the Action Plan period (2027-2032). 8 
This is to ensure that savings reported from continued program investment in these 9 
measures do not over-represent the actual conservation resource acquired.120 This will be 10 
critical as part of the Council’s tracking of regional progress towards the Ninth Plan 11 
recommendations and annual assessment of resource adequacy. 12 

CON-2 Conduct rigorous evaluations of conservation programs. Evaluation is a critical element 13 
of delivering conservation as a resource. Evaluations provide information to ensure that the 14 
planned savings are realized. This is a requirement of ensuring resource adequacy. 15 
Evaluation can provide information to allow utilities, the Regional Technical Forum, and 16 
others to update their estimates of assumed savings and improve future planning efforts. It 17 
can also provide important insights that improve program effectiveness, which ultimately 18 
helps to ensure savings are delivered at the lowest possible cost.  19 

The region already has robust evaluation efforts, although more emphasis is needed in this 20 
area. For example, currently only about 18% of the measures that the Regional Technical 21 
Forum assess are classified as “Proven.” This designation can only be attained by having 22 
adequate evaluation data. Achieving this designation reduces the overall evaluation burden 23 
over the long term, thereby reducing program delivery costs for the region. The Council 24 
recommends the region continue and expand its investment in evaluation. These efforts 25 
should be done in accordance with the Regional Technical Forum’s guidelines, which 26 
support consistent and reliable determination of conservation across all measures.  27 

In addition, as more energy savings shift from traditional equipment-based resources to 28 
behavior-based resources, the Council recommends the region pay particular focus on 29 
better understanding and estimating these behavior-based resources, including the key 30 
actions driving behavior-based savings, the magnitude of savings from these actions, and 31 
their persistence. 32 

 

 
120 For measures with lifetimes shorter than the Action Plan period, there is the potential to over count conservation 
savings. For example, to ensure long-term savings of a conservation measure with a one-year measure life, a utility 
program may make an annual investment into that measure. This annual investment is captured in the resource potential 
costs and benefits, and therefore accurately accounted for in the determination of potential cost-effective conservation. It 
can lead to, however, programs providing claimed savings in multiple years for the same measure. If this is not recognized 
and accounted for, it has the potential to overrepresent actual conservation savings. This in turn has the potential to result 
in underinvestment in new resources, including conservation resources, needed for resource adequacy.  
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CON-3 Continue to invest in effective market transformation efforts. Market transformation is a 1 
long-term effort to fill the pipeline with conservation measures. Effective market 2 
transformation helps to advance the pace of bringing new technologies to the market, 3 
reduces barriers to implementation, and brings down costs through the creation of sufficient 4 
market demand. The Council recommends that Bonneville, utilities, and the Energy Trust of 5 
Oregon continue to invest in market transformation efforts.   6 

Supporting Recommendations 7 

Throughout the development of the Ninth Plan, the Council, working with its Conservation Resources 8 
Advisory Committee and the Regional Technical Forum, have identified some specific elements 9 
related to conservation resource acquisition that warrant particular attention. These supporting 10 
recommendations seek to expand the amount of cost-effective conservation, ultimately providing 11 
more opportunity to address load growth, reduce consumer bills, and broaden consumer participation 12 
in conservation programs. 13 

Addressing Measure Costs 14 

The Council’s 2021 Power Plan first noted that other resources were starting to be more cost-15 
competitive with conservation. This was driven by a mix of factors, including the success of 16 
conservation programs in acquiring the existing low-cost conservation, challenges with bringing costs 17 
down for remaining conservation technologies, and declining costs on the supply side, particularly 18 
renewables. The Ninth Plan continues to show this trend (see Figure 5 - 2).  19 

Figure 5 - 2: Comparison of Seventh Plan, 2021 Plan, and Ninth Plan 20-Yr Supply Curves 20 

 21 

0

1,000

2,000

3,000

4,000

5,000

6,000

<0 <10 <20 <30 <40 <50 <60 <70 <80 <90 <100 <120 <140 <160 <180 <200 <250 250+

Av
er

ag
e 

M
eg

aw
at

ts

Levelized Cost ($/MWh)

Seventh Plan 2021 Plan Ninth Plan



DRAFT NINTH POWER PLAN 

 
CONSERVATION PROGRAM · 125 

 

Costs are a particular challenge in the residential sector. Much of the region’s conservation acquired 1 
to date has been in residences, including energy efficient appliances, advancements in lighting, 2 
weatherization of homes, and efficient space and water heating. Significant potential remains for 3 
residential conservation; however, of the remaining residential potential, much of it is higher cost. 4 
Figure 5 - 3 shows the incremental amount of conservation in each cost bin (excluding emerging 5 
technologies). Roughly 30% of the residential potential is in the $60-$80 per megawatt hour cost bin, 6 
in 2024 dollars. The bulk of this bin is represented by heat pump water heaters. Close to 50% (or 7 
around 1,250 average megawatts) is at costs above $80 per megawatt hour, of which 30% of all 8 
residential conservation potential is in the most expensive cost bin at over $200 per megawatt hour. 9 

Figure 5 - 3: Incremental 20-Yr Conservation Potential, by Levelized Cost and Sector 10 

 11 

This cost challenge is driven by a combination of factors, including the rising costs of equipment and 12 
installation and declining forecasted energy savings due to poor installation and performance (Action 13 
Items CON-6 through CON-8 seek to address the latter). Improving both the savings and costs will be 14 
critical for providing cost-effective options to all Northwest consumers in the long term. 15 

CON-4 Prioritize efforts to understand barriers to declining costs and identify solutions to 16 
address those barriers. Key to addressing cost-effectiveness challenges is addressing the 17 
rising costs for maturing technologies, such as heat pumps. The Council recommends 18 
NEEA, Bonneville, the Energy Trust of Oregon, regional utilities, and national labs conduct 19 
research to 1) understand the cost makeup of these technologies (e.g., equipment costs 20 
versus labor, markup, etc.), 2) understand the key drivers of incremental cost differences 21 
among varying levels of product efficiency, and 3) determine pathways for reducing 22 
equipment and other costs, including component analyses to identify savings opportunities. 23 
NEEA, as part of its market transformation efforts, should work to lower costs both through 24 
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increases in sales volume and working with manufacturers to produce lower-cost versions 1 
of equipment. Regional conservation programs should also provide more options to 2 
consumers to help address high capital costs for cost-effective measures. For example, if a 3 
conservation resource is cost-effective, a conservation program can pay the full incremental 4 
cost of that resource and it is, by definition, a lower cost investment of ratepayer dollars than 5 
the next available resource. 6 

As part of the research activities described above, the Council recommends that 7 
researchers also work to understand pressure points where products are not installed as 8 
efficiently as possible, due to installers seeing this as a barrier to cost competition. As 9 
discussed more below, the region has struggled with proper installation of heat pumps. For 10 
example, performing building load calculations is critical for optimal heat pump sizing and 11 
efficiency. But this can be seen by contractors as a barrier to cost competitiveness. 12 
Research should explore how to alleviate these kinds of pressure points that ultimately 13 
impact the ability of the region to deliver sufficient savings from conservation. 14 

Addressing Residential Buildings 15 

As noted above, the region has achieved significant conservation in the residential building sector. 16 
Close to 45% of all savings achieved since 1980 has come from improvements in residences. There 17 
continues to be significant potential in this sector. Roughly 50% of the Ninth Plan’s 20-yr estimated 18 
potential (excluding emerging technologies) is in the residential sector. This includes home 19 
weatherization, efficient water heating technologies, and opportunities to improve space heating. 20 
Accessing this potential is challenging, in part, due to the high costs of opportunities. A second 21 
challenge comes from program implementation. This includes the need to identify and address 22 
remaining gaps, as well as ensuring proper installation of equipment to ensure reliable, long-term 23 
energy savings. The following recommendations seek to help address these issues and challenges.   24 

CON-5 Weatherize homes with little to no insulation. The region’s conservation programs have 25 
successfully weatherized many residences throughout the Northwest, although gaps still 26 
remain. Hundreds of thousands of homes in this region continue to have little to no 27 
insulation. In addition to providing energy savings, weatherization greatly improves occupant 28 
comfort and home resilience. Recognizing this, the Council recommended in the 2021 29 
Power Plan that the region continue to invest in weatherization programs. Specific focus was 30 
to be given to homes with zero to minimal insulation. While some progress has been made in 31 
the past four years, significant potential remains. The Council recommends that the region 32 
continue to prioritize weatherization in homes with little to no insulation and/or high rates of 33 
air leakage. This means focusing on homes that are currently uninsulated, have single-pane 34 
metal-framed windows, and/or air leakage rates exceeding 10 ACH50.121  35 

 

 
121 ACH50 is a measure of the building’s air leakage. It means air changes per hour at 50 pascals.  
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The Council recognizes that the cost of weatherization may not be affordable for all 1 
consumers and the incentives might not align for all consumers. This can be particularly true 2 
when the home is renter-occupied, as the homeowner who is often paying for the upgrade 3 
does not get the direct benefit in energy bills and home comfort. This split incentive is an 4 
ongoing challenge in conservation programs. The Council encourages programs to work to 5 
address these affordability and split incentive challenges. As noted above, for cost-effective 6 
measures, the conservation program can pay up to the full cost of the measure and it is, by 7 
definition, still cost-effective relative to an alternative resource. Where the measure is not 8 
cost-effective, conservation programs may want to seek out pathways of coordinating with 9 
other agencies (such as community action agencies, state agencies, or nonprofits) to 10 
explore co-funding options to serve these homes.  11 

While not all these measures are strictly cost-effective under the Ninth Plan’s cost-12 
effectiveness methodology, the Council recognizes that weatherization has been a long-13 
standing cost-effective way of providing energy savings. Filling the remaining gaps in this 14 
resource is critical to not leave households behind. This also means that programs may need 15 
to invest at levels higher than those simply required to acquire the cost-effective 16 
conservation recommended in Action Item CON-1, as well as work to identify additional 17 
funding sources where practical. The Council will track progress towards this goal through 18 
its annual Regional Conservation Progress survey. 19 

CON-6 Promote the concept of making homes “heat pump ready” before installing a heat 20 
pump. One of the challenges to heat pump performance is that, at times, this equipment is 21 
installed in a home that is not sufficiently weatherized. In addition to the benefits described 22 
in CON-5 above, weatherization, air sealing, and duct improvements can greatly improve the 23 
efficiency of heat pumps. It can also allow for the installation of a significantly smaller heat 24 
pump, which provides cost savings. The Council recommends that Bonneville, the Energy 25 
Trust of Oregon, regional utilities, and NEEA promote the concept of a “heat pump ready” 26 
home. Technical Appendix P – Model Conservation Standards and Conservation Program 27 
Details includes general guidance on minimum and preferred weatherization levels for 28 
installing a heat pump into an existing home. The Council believes this guidance provides a 29 
useful starting place for conservation programs pursuing this concept. The Council also 30 
recommends conservation programs consider the benefits of whole home approaches that 31 
combine weatherization, duct improvements, and heat pump installations in a wholistic 32 
package of measures.  33 

CON-7 Prioritize proper installation of heat pumps to maximize savings. Another challenge to 34 
heat pump performance is improper installation, which leads to the increased use of back-35 
up heating sources that are inefficient. This can lead to large spikes in energy use at certain 36 
times of day. Properly installing a heat pump requires performing heat load calculations on 37 
every installation to size the heat pump to recommended standards; setting critical heat 38 
pump controls, such as compressors and auxiliary lockout settings, to maximize use of the 39 
compressor; and educating home occupants on how to operate systems. Following these 40 
best practices can maximize heating with the heat pump and significantly minimize, or even 41 
fully offset, the need for inefficient backup heat. The Council recommends that Bonneville, 42 
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the Energy Trust of Oregon, and regional utility programs prioritize installation and 1 
commissioning of new heat pumps to maximize efficiency. 2 

CON-8 Invest in heat pump retro-commissioning programs. Regional data sources suggest that 3 
many existing heat pumps in the Northwest were not properly sized or commissioned during 4 
installation. As noted in CON-7 above, improper heat pump sizing, commissioning, and/or 5 
control settings can lead to significant reductions in overall system efficiency. Consistent 6 
with MCS-2 described below, the Council recommends that regional utility programs invest 7 
in retroactive commissioning, or “retro-commissioning” of existing heat pumps to update 8 
control settings and educate households in order to maximize the efficiency of the existing 9 
heat pump base.  10 

Addressing Commercial Buildings 11 

The Ninth Plan supply curves estimate around 1,400 average megawatts of commercial potential, 12 
mostly representing individual measures. There is significant potential remaining in commercial 13 
buildings beyond these individual measures. The Council estimated another 766 average megawatts 14 
of potential from commercial deep energy retrofit programs, which was captured in the emerging 15 
technology portion of the conservation supply curves. The Council developed the following 16 
recommendations, recognizing that work remains to better understand and ultimately address this 17 
whole building potential through cost-effective programs. 18 

CON-9 Develop a robust energy use intensity data set for commercial buildings in the 19 
Northwest. Energy use intensity, or EUI, is a measure of a building’s total annual energy 20 
consumption relative to its size. Building EUI data can provide useful insights for load 21 
forecasting. More importantly, it can also help identify buildings that have consumption 22 
levels significantly higher than comparable buildings. The Council recommends that 23 
Bonneville and the region’s conservation programs, through NEEA, coordinate with cities, 24 
states, and building owners to develop a robust EUI data set. This dataset should include 25 
both total energy EUI and electric EUI data. The Council recommends consistency with the 26 
ENERGY STAR® Portfolio Manager, a tool for benchmarking building energy use, as well as 27 
strong data quality control.  28 

CON-10 Develop performance-based programs for commercial buildings. As the region collects 29 
more and better quality EUI data, the region will be better positioned to develop 30 
performance-based benchmarking programs seeking to support commercial buildings in 31 
obtaining lower EUIs. The Council recommends that Bonneville, the Energy Trust of Oregon, 32 
and utilities utilize this benchmarking data to develop performance-based programs for 33 
commercial buildings. NEEA has developed a whole building program to conduct research 34 
and support streamlined approaches to whole building programs. Regional conservation 35 
programs and Bonneville should work with NEEA and support this effort.  36 

As currently estimated, these deep retrofit programs are in some of the highest cost bins. 37 
The Council recommends that NEEA and conservation programs conduct research to 38 
understand cost barriers and drivers, how to reduce the cost for whole building measures, 39 
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develop costs for different whole building pathways, and develop streamlined program 1 
approaches for attaining low EUIs. 2 

Model Conservation Standards 3 

The Northwest Power Act directs the Council to adopt and include in its power plan a conservation 4 
program that includes model conservation standards.122 These model conservation standards are 5 
applicable to new and existing structures; utility, customer, and governmental conservation 6 
programs; and other consumer actions for achieving conservation.123 The Act requires that the 7 
standards reflect geographic and climatic differences within the region and other appropriate 8 
considerations. The Act also requires that the Council design the model conservation standards to 9 
produce all power savings that are cost-effective for the region and economically feasible for 10 
consumers, taking into account financial assistance from the Bonneville Power Administration and 11 
the region’s utilities. 12 

The Power Act provides for broad application of the model conservation standards. In earlier power 13 
plans, a strong emphasis was needed to improve residential and commercial building construction 14 
practices beyond the existing codes. Since the Council adopted its first model conservation 15 
standards, all four states within the Northwest have adopted strong energy codes that largely 16 
incorporate those standards. More recently, the Council has focused model conservation standards 17 
on addressing program gap areas and providing consistency.  18 

For the Ninth Plan, the Council recommends two model conservation standards, the first targeted at 19 
new data centers and the second on heat pump retro-commissioning. Both represent critical areas 20 
that must be addressed. Data centers represent a significant new load for the region and minimizing 21 
that impact through efficient construction will provide benefits for the entire Northwest. Similarly, 22 
while at a much smaller scale, heat pumps are a significant load in the residential sector and are 23 
expected to increase with electrification policies in some jurisdictions. It is important to maximize the 24 
efficiency of the existing stock of heat pumps to reduce peak issues. These practices will likely have a 25 
trickle-down effect on the installation of new units.  26 

MCS-1 Data centers: New data center facilities over 300 kilowatts should be developed 27 
efficiently. The most common metric for measuring data center electric efficiency is Power 28 
Usage Effectiveness, or PUE. This represents the total data center electricity use divided by 29 
the total server equipment electricity use. A PUE of 1.0 means that all the energy use is from 30 
the server equipment. Anything higher comes from other uses, such as air conditioning. The 31 
model conservation standard for new data centers is a PUE of 1.20 or less. This requirement 32 
is 3% better than the 1.24 PUE voluntary ASHRAE 90.4 performance standard and can be 33 

 

 
122 Northwest Power Act, Section 4(e)(3)(A). 
123 Ibid., Section 4(f)(1). 
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met by reducing equipment mechanical losses. This is an achievable outcome for larger 1 
facilities, and many modern data centers already have PUEs of 1.20 or below. 2 

In addition to PUE, Peak Power Usage Effectiveness (PPUE) and Water Usage Effectiveness 3 
(WUE) metrics provide additional information on data center impacts. All three metrics vary 4 
based on the equipment required for cooling the facility. This model conservation standard 5 
requires data centers to report energy and water consumption to inform each of these 6 
metrics.  7 

The Council has provided additional information in Technical Appendix P for local 8 
jurisdictions considering stretch goals or targets for new data centers.  9 

MCS-2 Residential heat pump retro-commissioning: Installed heat pumps in the region that 10 
could benefit should be properly retro-commissioned. Effective heat pump installation 11 
requires proper design, installation, air distribution, and owner education. Recent studies of 12 
heat pumps in the Northwest demonstrate that not all heat pumps are installed using best 13 
practices, often resulting in systems that do not operate as efficiently as they could. The 14 
Ninth Plan’s analysis found that retro-commissioning of these existing heat pumps would be 15 
broadly cost-effective across the region. Conservation programs should offer programs that 16 
retroactively commission existing residential heat pumps. These programs could be offered 17 
for all customers or done through a targeted approach, such as identifying candidates 18 
through high monthly energy use or hourly demand or via existing home audit programs. 19 
Programs should focus on control settings that can minimize the need for back-up heat, 20 
including the compressor lockout, auxiliary lockout, emergency heat, thermostat droop, and 21 
thermostat night setbacks. Optimizing these settings requires an understanding of home 22 
heating load and duct system characteristics. 23 

Technical Appendix P – Model Conservation Standards and Conservation Program Details includes 24 
the detailed specifications and guidance for each of these model conservation standards. Entities 25 
should reference those specifications when implementing these model conservation standards.  26 

Surcharge Recommendation and Methodology 27 

The Power Act authorizes the Council to recommend a surcharge that the Bonneville Administrator 28 
may impose on customers that have not implemented conservation measures that achieve energy 29 
savings comparable to those that would be obtained under the model conservation standards in the 30 
plan.124 If the Council recommends a surcharge, the methodology for calculating that surcharge must 31 
be included in the power plan.125  32 

The purpose of the surcharge is two-fold. First, it is to recover costs imposed on the region’s electric 33 
system by failure to adopt the model conservation standards or achieve equivalent conservation 34 

 

 
124 Ibid., Section 4(f)(2). 
125 Ibid., Section 4(e)(3)(G). 
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savings. It is also intended to provide a strong incentive to utilities and state and local jurisdictions to 1 
adopt and enforce the standards or comparable alternatives. The surcharge mechanism in the Power 2 
Act was intended to ensure that Bonneville’s utility customers were not shielded from paying the full 3 
marginal cost of meeting load growth. Per the Power Act, the surcharge must be no less than 10% 4 
percent and no more than 50% of the Administrator’s applicable rates for a customer’s load or portion 5 
of load.126 The surcharge is to be applied to Bonneville customers for those portions of their regional 6 
loads that are within states or political subdivisions that have not, or on customers who have not, 7 
implemented conservation measures that achieve savings of electricity comparable to those that 8 
would be obtained under the model conservation standards. 9 

The Council does not recommend that the Administrator invoke the surcharge provisions of the Act at 10 
this time. The Council intends to continue to track regional progress toward the model conservation 11 
standards and will review its decision on the surcharge recommendation if accomplishment of these 12 
goals appears to be in jeopardy. Should utilities fail to enact these standards, then Bonneville may 13 
need the ability to recover the cost of securing those savings. In this instance, the Council may wish to 14 
recommend that the Administrator be granted the authority to place a surcharge on those utilities’ 15 
rates to recover those costs.  16 

While the Council does not currently recommend a surcharge, the Council has developed a 17 
methodology for the calculation of that surcharge should the Council decide to recommend one later. 18 
The methodology is detailed in Technical Appendix P – Model Conservation Standards and 19 
Conservation Program Details. 20 

 

 
126 Ibid., Section 4(f)(2). 
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Draft Ninth Power Plan identifies cost-

effective resource portfolio to meet

Northwest’s energy needs by 2032
AUGUST 13, 2026 PETER JENSEN

To meet the growing need for energy in the Pacific

Northwest by 2032, the region will need to expand

its power system by adding a diverse mix of over

11,000 megawatts (MW) of new generation

capacity, over 5,000 MW of storage, and over

1,000 average-megawatts (aMW) of energy

efficiency, among other resources. That’s according

to a proposed cost-effective resource strategy

included in the draft of the Council’s Ninth Power

Plan, which was released to the public on August

13.

The Council voted unanimously at its August

meeting  to approve this draft plan for public

review and comment, and to begin a hearing process that will take place in September and October in

cities and towns in Oregon, Washington, Idaho, and Montana as well as virtually.

Major components of the Ninth Plan’s proposed resource strategy for 2027-2032 include:

Energy efficiency, 1,060 aMW. Recognizing differences in need across the region, the draft Ninth

Plan proposes a target of 860 aMW in Oregon and Washington and 200 aMW in Idaho and

Montana.

Renewables, 9,000 MW

Storage, 5,000 MW

Natural gas, 2,100 MW

Demand response, 590 MW

Voltage regulation, 220 MW

For the year 2032, this portfolio’s fixed cost is estimated to be $2.3 billion, which would be

approximately 0.15% of the four-state region’s $1.46 trillion gross domestic product in 2025. The

Northwest power system has approximately 70,000 MW of total nameplate capacity currently.

“The Northwest’s power system will rely on a diverse mix of resources in the next 5-10 years,” said

Jennifer Light, Director of Power Planning. “No single resource on its own will be able to meet our

growing need for energy in the future. Rather, a regional portfolio of cost-effective resources will
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achieve the right balance of economics, efficiency, reliability, and adequacy for our grid’s power

supply.”

“The Northwest Power Act provides all residents of our region with a voice in planning for our

energy future,” said Oregon Council Member Margi Hoffmann, Chair of the Power Committee.

“We are keenly interested in ideas and recommendations for how to improve our draft proposal.

We invite the public to attend an upcoming hearing in-person or online, learn about our proposed

plan, and share their thoughts to how to improve the Northwest power system’s economics,

reliability, and adequacy.”

Major components of each power plan are a 20-year load forecast as well as a strategy that identifies

the cost-effective supply and demand side resources that will meet these energy needs, while ensuring

the power system continues to be adequate, efficient, economical, and reliable. The Council officially

began working on the Ninth Plan in February 2025, although early-stage preparation and coordination

took place during the year prior.

For the past several years, load growth and meeting energy demand have been mounting concerns in

the Northwest. Load growth uncertainty is among the top issues the draft Ninth Plan proposes to

address, along with extreme weather, risk of resource and transmission availability, and uncertainty

around Columbia Basin hydrosystem operations.

In spring 2025, the Council published a 20-year load forecast that projected a growth rate per year for

annual energy between 1.8% - 3.1% from 2027-2046; it ranges between 1.9% - 3% for peak demand

over those two decades.

According to the forecast, annual energy will grow from 22,000 aMW currently to between 31,000

aMW-44,000 aMW by 2046; peak demand grows from current levels of 35,500 MW (winter) and

33,300 MW (summer) to between 47,000 MW-60,000 MW by 2046. Covering low- and high-end

trajectories, the Northwest power system will grow by 50-100% over the next 20 years.

9/30/26, 5:41 AM Draft Ninth Power Plan identifies cost-effective resource portfolio to meet Northwest’s energy needs by 2032
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Transmission lines near Arlington, Ore.

Major drivers of future growth are expected to be data centers in the near term, and the electrification

of vehicles, buildings, and industry, as well as economic and population growth over the long term. To

account for future uncertainty, Council power planners used a range of five potential future load

growth patterns for the Northwest, capturing low- to high-end trajectories. The draft Ninth Plan

accounts for all clean energy policies and targets in the region, as well as hydrosystem operations that

benefit and protect fish and wildlife, including those in the Council’s 2026 Columbia Basin Fish and

Wildlife Program.

“Our proposal comes at a critical moment as the Northwest confronts and addresses the

challenges of rising electricity demand,” said Washington Council Member K.C. Golden, who co-

chairs the Resource Adequacy Advisory Committee. “Our draft power plan includes both

conservation measures and new energy generation to ensure that power demand will be met under

a wide range of uncertainties about future load growth.  We also analyzed the potential for future

heatwaves, winter storms, and periods of peak demand to ensure that we have adequate power

supplies. We have identified a path forward to meet these needs and provide these protections

cost-effectively.”

“Faced with forecasted load growth we haven’t seen in decades, the past three years have been an

all-hands-on-deck moment for power system planners in the Northwest,” said Idaho Council

Member Jeff Allen. “This called for collaboration and teamwork, and our power planners and our

regional partners rose to meet the challenge. Our upcoming public hearings and opportunities to

provide written feedback will further strengthen our proposed power plan.”
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To help ensure the system has sufficient energy at peak demand periods, such as during a heat wave or

a winter storm, Council power planners used regional climate model datasets extending to 2050 that

inform future temperatures, streamflow patterns, and resource availability.

A major component of the Ninth Plan examined uncertainty around new resource and transmission

availability, as well as Columbia Basin hydrosystem operations. The draft plan’s resource strategy seeks

to effectively hedge against risks from a constrained building environment, or delays and price hikes in

emerging generating technologies, or slower demand-side resource availability.

The Council tested a range of possible operations of the Columbia Basin hydrosystem. Because these

operations have varied in past decades, testing sets of operations and ensuring the strategy is robust

across the range is another key component of the draft Ninth Plan.

The draft plan proposes standards that will ensure new data centers in the Northwest are built as

energy-efficiently as possible. Other tech industry proposals include working with data center

companies to increase flexibility in energy consumption, such as using potential demand-response type

products or leveraging back-up generation.

The draft Ninth Power Plan was developed through collaboration with over 80 regional partners,

including utilities, industries, regulators, state energy offices, technical experts, public interest groups,

tribes, universities, and many others.

“To meet this moment, the Council sharpened our analysis and evolved our planning methods from

the 2021 Power Plan,” said Montana Council Member Doug Grob. “The Council uses innovative

modeling techniques and tools that were informed by advisory committees consisting of many of

the top experts in the region. By working collaboratively with utilities, Bonneville Power

Administration, and many other regional partners, we’ve achieved a remarkable success story in

power system planning in the Northwest over the past several decades.”
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TransAlta Energy Marketing (U.S.) Inc.
Order No. EA-216-F 

Authorizing Electricity Exports to Canada 

I. BACKGROUND 

The Department of Energy (DOE or Department) regulates electricity exports from the 
United States (U.S.) to a foreign country in accordance with Federal Power Act (FPA) § 202(e) 
(16 U.S.C. § 824a(e)) and regulations thereunder (10 C.F.R. §§ 205.300 et seq.).  This authority 
was transferred to DOE under §§ 301(b) and 402(f) of the DOE Organization Act (42 
U.S.C. §§ 7151(b) and 7172(f)).  On January 8, 2026, the authority to issue such orders was 
delegated to the DOE’s Assistant Secretary for Electricity by Redelegation Order No. S3-DEL-
OE1-2026.
 

An entity that seeks to export electricity must obtain an order from DOE authorizing it to 
do so.  Under FPA § 202(e), DOE “shall issue such order upon application unless, after 
opportunity for hearing, it finds that the proposed transmission would impair the sufficiency of 
electric supply within the United States or would impede or tend to impede the coordination in 
the public interest of facilities subject to the jurisdiction of [DOE].”  16 U.S.C. § 824a(e).  DOE 
has discretion to condition the order as necessary or appropriate; the Department “may by its 
order grant such application in whole or in part, with such modifications and upon such terms 
and conditions as [DOE] may find necessary or appropriate, and may from time to time, after 
opportunity for hearing and for good cause shown, make such supplemental orders in the 
premises as it may find necessary or appropriate.”  Id. 
 

A. Application to Renew Export Authorization 

TransAlta Energy Marketing (U.S.) Inc. (TEMUS or the Applicant) is a power marketer 
seeking renewal of its authorization to export electric energy to Canada.  On August 31, 1999, 
DOE issued Order No. EA-216 authorizing TEMUS to transmit electric energy from the U.S. to 
Canada.  Subsequently, DOE renewed the TEMUS authorization to export electric energy to 
Canada for five-year terms.  Order EA-216-A was renewed in 2001, Order EA-216-B was 
renewed in 2006, Order EA-216-C was renewed in 2011, and Order EA-216-D was renewed in 
2016.  TEMUS’ current authorization to export electric energy to Canada (EA-216-E) expires on 
May 17, 2026.  On December 12, 2025, TEMUS filed an application (Application or App.) 
requesting to renew the current export authority for a five-year term.  App. at 1. 
 

According to the Application, TEMUS “is a Delaware corporation with its principal place 
of business in Centralia, Washington.”  Id. at 2.  The Applicant represents that it is an indirect 
subsidiary of TransAlta Corporation (TAC), a publicly traded Canadian corporation.  TAC 
“holds a 100% direct interest in TransAlta Energy Marketing Corp., a Canadian business 
corporation.”  Id. at 3.  Furthermore, the applicant states that it is authorized by the Federal 
Energy Regulatory Commission (FERC) to “market electric energy and capacity at wholesale 
pursuant to market-based rate authorization.”  Id. 
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TEMUS represents that it “does not own any electric generation or transmission facilities 
and, as a power marketer, does not hold a franchise or service territory or native load obligation.”  
App. at 10.  TEMUS also notes that “none of TEMUS' affiliates owns any electric transmission 
facilities other than generator interconnection facilities and TEMUS is not affiliated with an 
entity that holds a franchise or service territory.  Thus, TEMUS has no “transmission system” of 
its own on which power exports could have a reliability or stability impact.”  Id.  TEMUS 
affirms that it “will export electricity purchased from electric utilities, federal power marketing 
agencies, qualifying cogeneration and small power production facilities, independent power 
producers, and other sellers,” and as a result such power is “surplus to the needs of the selling 
entities.”  Therefore, “an export of electricity ‘occurring under such circumstances’ would not 
impair the sufficiency of electric supply within the U.S.”  Id. at 10-11. 

TEMUS states it will “schedule its exports from the U.S. in compliance with all 
applicable reliability criteria, standards and guides as are set out by the North American 
Electricity Reliability Corporation (“NERC”) (or any successor organization), the North 
American Energy Standards Board (or any successor organization) and regional reliability 
councils and as applied by U.S. transmission providers.”  Id. at 12. 
 

B. Procedural History 
 
On December 12, 2025, TEMUS filed an application with DOE requesting export 

authority for a five-year term.  On March 23, 2026, DOE published notice of TEMUS’s 
Application in the Federal Register (91 FR 13827) and asked for any interested parties to submit 
comments on the Application by April 22, 2026. 
 

C. Public Comments 

No comments were received. 
 
II. DISCUSSION AND ANALYSIS 
 

DOE is statutorily obligated under FPA § 202(e) to grant requests for export 
authorization unless the Department finds that the proposed export would negatively impact 
either:  (i) the sufficiency of electric supply, or (ii) the coordination of the electric grid.  
Regarding the first exception criterion, DOE shall approve an electricity export application 
“unless, after opportunity for hearing, it finds that the proposed transmission would impair the 
sufficiency of electric supply within the United States . . .”  16 U.S.C. § 824a(e).  DOE has 
interpreted this criterion to mean that sufficient generating capacity and electric energy must 
exist such that the export could be made without compromising the energy needs of the 
exporting region, including serving all load obligations in the region while maintaining 
appropriate reserve levels. See, e.g., BP Energy Co., Order No. EA-314, at 1-2 (Feb. 22, 2007), 
renewed, Order No. EA-314-A, at 2 (May 3, 2012), Order No. EA-314-B, at 2 (Feb. 28, 2017), 
renewed, Order No. EA-314-C, at 4 (Dec 20, 2021).

Under the second exception criterion, DOE shall approve an electricity export application 
“unless, after opportunity for hearing, it finds that the proposed transmission would . . . impede 
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or tend to impede the coordination in the public interest of facilities subject to the jurisdiction of 
[DOE].”  16 U.S.C. § 824a(e).  DOE has interpreted this criterion primarily as an issue of the 
operational reliability of the domestic electric transmission system.  Accordingly, the export 
must not compromise transmission system security and reliability. See, e.g., Order No. EA-314-C, 
at 4.

A. TEMUS Will Not Impair the Sufficiency of the Electric Supply in the 
United States 

Sufficiency of supply, the first exception criterion, addresses whether regional electricity 
needs are met in the current market.  DOE has analyzed this issue from both an economic and a 
reliability perspective. The economic perspective concerns the supply available to wholesale 
market participants.  The reliability perspective focuses on preventing problems that could result 
from inadequate supplies.  Taken together, DOE examines whether existing electric supply is 
available via market mechanisms, and whether potential reliability issues linked to supply 
problems are mitigated by reliability enforcement mechanisms. 

 
From an economic perspective, DOE finds that the wholesale energy markets are 

sufficiently robust to make supplies available to exporters and other market participants serving 
U.S. regions along the Canadian and Mexican borders, notwithstanding the recent history of 
capacity shortages on the grid. 0F

1  Following enactment of the Energy Policy Act of 1992, 
Pub. L. No. 102-486, which encouraged the Federal Energy Regulatory Commission (FERC) to 
foster competition in the wholesale energy markets through open access to transmission 
facilities, energy markets developed across the U.S. to provide opportunities for a more efficient 
availability of supply.  Subsequently, the Energy Policy Act of 2005, Pub. L. No. 109-58, 
reaffirmed the Government’s commitment to competition in wholesale energy markets as 
national policy.  FERC has continued to encourage the expansion of wholesale energy markets 
through its orders to remove barriers 1F

2 and to ensure that these markets are functioning properly. 2F

3  
As a result, market participants have access to traditional bilateral contracts, as well as organized 
electricity markets run by regional transmission organizations (RTOs) or independent system 
operators (ISOs).  FERC oversees these interstate wholesale electricity markets across most of 
the lower 48 states.  Absent an indication in the record that the geographic markets relevant to 
this export authorization analysis are flawed and result in uneconomic exports that jeopardize 

 
1 As explained further in Section II.B, reliability coordinators have the authority to 

suspend exports if the supply would be needed in the event of an emergency to support the 
regional power grid. 

2 See, e.g., Preventing Undue Discrimination and Preference in Transmission Service, 
Order No. 890, 72 Fed. Reg. 12266 (Mar. 15, 2007), FERC Stats. & Regs. ¶ 31,241, order on 
reh’g, Order No. 890-A, FERC Stats. & Regs. ¶ 31,261 (2007), order on reh’g, Order No. 890-
B, 123 FERC ¶ 61,299 (2008), order on reh’g, Order No. 890-C, 126 FERC ¶ 61,228 (2009). 

3 See, e.g., Wholesale Competition in Regions with Organized Electric Markets, Order 
No. 719, FERC Stats. & Regs. ¶ 31,281 (2008), as amended, 126 FERC ¶ 61,261, order on 
reh’g, Order No. 719-A, FERC Stats. & Regs. ¶ 31,292, reh’g denied, Order No. 719-B, 
129 FERC ¶ 61,252 (2009).
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regional supply, DOE finds that the proposed transmission for export does not impair the 
sufficiency of electric supply within the U.S.

From a reliability perspective,3F

4 DOE focuses on the prevention of cascading outages and 
other problems that could result from inadequate resources. 4F

5  Reliability oversight is addressed by 
the authority granted to FERC through the Energy Policy Act of 2005.  That Act added section 215 
to the FPA, which directed FERC to certify an electric reliability organization and develop 
procedures for establishing, approving, and enforcing mandatory electric reliability standards.  
16 U.S.C. § 824o.  FERC certified the North American Electric Reliability Corporation (NERC) in 
2006 to develop and enforce reliability standards for the bulk-power system in the U.S.  Order 
Certifying NERC as the Electric Reliability Organization and Ordering Compliance Filing, FERC 
Docket No. RR06-1-000, 116 FERC ¶ 61,062 (July 20, 2006).  FERC approves these standards, at 
which point they become mandatory and enforceable.  NERC Reliability Standards address areas 
such as resource and demand balancing, critical infrastructure protection, communications, 
emergency preparedness and operations, facilities design, transmission operations, transmission 
planning, modeling, nuclear, personnel performance and training, protection and controls, voltage 
and reactive, interchange scheduling and coordination, and interconnection reliability operations 
and coordination. 

 
NERC Reliability Standards are enforceable throughout the continental U.S., most of 

Canada south of the 60th parallel, and the Mexican state of Baja California Norte.  Through 
enforcement by FERC, NERC, and six Regional Entities overseen by NERC, 5F

6 all bulk-power 
system owners, operators, and users are held responsible for complying with reliability 
standards.  The reliability standards are structured so that many entities have overlapping 
responsibility for the electric grid, thereby resulting in several layers of reliability monitoring.  
Entities such as reliability coordinators and balancing authorities coordinate power generation 
and transmission among multiple utilities to serve demand within an integrated regional 
wholesale market.  One of the principal functions of these entities is to schedule adequate 
generating and reserve capacity.  This allows them to serve demand at the regional level and to 
ensure that there is sufficient power supply to maintain system reliability.  Reliability Standard 
IRO-001-4 “establish[es] the responsibility of Reliability Coordinators to act or direct other 
entities to act.”6F

7 Requirement R1 states that “[e]ach Reliability Coordinator shall act to address 
the reliability of its Reliability Coordinator Area via direct actions or by issuing Operating 
Instructions.”7F

8  Reliability oversight is designed through coordinated efforts amongst Reliability 
Coordinators to preserve the benefits of interconnected operations and ensure that operations in 

 
4 A related reliability analysis follows in the next section of this Order. 
5 This focus should not be confused with resource adequacy planning and capacity 

requirements that have traditionally been the domain of state regulatory commissions, NERC-
certified Regional Entities, and RTOs/ISOs.

6 The six entities are the Midwest Reliability Organization, Northeast Power 
Coordinating Council, ReliabilityFirst Corporation, SERC Reliability Corporation, Texas 
Reliability Entity, and Western Electricity Coordinating Council. 

7 Standard IRO-001-4 (Reliability Coordination – Responsibilities), at ¶ A.3. 
8 Id. at ¶ B.R1. 
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one area will not adversely impact other areas. 8F

9 Reliability Standard IRO-014-3 R1 provides 
that “[e]ach Reliability Coordinator shall have and implement Operating Procedures, Operating 
Processes, or Operating Plans, for activities that require notification or coordination of actions 
that may impact adjacent Reliability Coordinator Areas, to support Interconnection reliability.” 9F

10 
 
DOE finds that NERC’s FERC-approved comprehensive enforcement mechanism 

ensures that bulk-power system owners, operators, and users have a strong incentive both to 
maintain system resources and to prevent reliability problems that could result from movement 
of electric supplies through export.  As a result of this reliability oversight, DOE finds that the 
sufficiency of supply is not impaired by TEMUS’s proposed export authorization. 

 
DOE’s sufficiency of supply findings are further supported by the fact that power 

marketers, such as TEMUS do not have an obligation to serve a franchised territory.  Before the 
current role of power marketers emerged in the industry, the FPA § 202(e) inquiry into 
sufficiency of supply had a narrower focus and was designed for an applicant that was a 
vertically integrated utility 10F

11 with an obligation to serve native load.  Under that traditional 
scenario, the inquiry regarding sufficiency of supply logically sought to confirm that exports 
would be surplus to the needs of a vertically-integrated utility’s native load obligations and 
reserve margins.  As explained in DOE’s notice of the first application by a power marketer for 
export authorization, the sufficiency of supply inquiry became unnecessary when applied to 
power marketers: 

The Applicant also is required to demonstrate that it would have sufficient 
generating capacity to sustain the proposed export under the terms and conditions 
of its export agreement, while still complying with any established reserve criteria.

Since marketers generally could not be seen as having any “native load” 
requirements, the latter criterion of maintaining sufficient reserve margins appears 
inappropriate and unnecessary in this instance. 

59 Fed. Reg. 54900 (Nov. 2, 1994).  Power marketers do not have franchised service areas and, 
consequently, do not have native load obligations like a traditional local distribution utility that 
could be impaired by exports. 

 

 
9 See Standard IRO-014-3 (Coordination Among Reliability Coordinators), at ¶ A.3.
10 Id. ¶ at B.R1. 
11 The Supreme Court of the United States has explained:  “In 1935, when the FPA 

became law, most electricity was sold by vertically integrated utilities that had constructed their 
own power plants, transmission lines, and local delivery systems . . . [M]ost operated as separate, 
local monopolies subject to state or local regulation.  Their sales were ‘bundled,’ meaning that 
consumers paid a single charge that included both the cost of the electric energy and the cost of 
its delivery.  Competition among utilities was not prevalent.”  New York v. FERC, 535 US 1, 5 
(2002). 
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In sum, market mechanisms and reliability oversight protect against the possibility that 
TEMUS’s exports would jeopardize domestic sufficiency of supply.  Therefore, an export by 
TEMUS would not trigger the first exception criterion of FPA § 202(e) regarding the sufficiency 
of electric supply within the U.S. 

B. TEMUS’s Requested Authorization Will Not Adversely Affect Either the 
Reliability or the Security of the United States Electric Transmission System 

Reliability, the second exception criterion under FPA § 202(e), addresses operational 
reliability and security of the domestic electric transmission system.  In evaluating the 
operational reliability impacts of export proposals, DOE has used a variety of methodologies and 
information, including established industry guidelines, operating procedures, and technical 
studies where available and appropriate.  When determining these impacts, it is convenient to 
separate the export transaction into two parts:  (i) moving the export from the source to a border 
system that owns the international transmission connection, and (ii) moving the export through 
that border system and across the border. 

 
Moving Electricity to a Border System.  Moving electricity for export to a border 

system necessarily involves the use of the bulk-power system.  As noted in the preceding section, 
bulk-power system reliability concerns are addressed under the FPA by FERC and NERC and 
involve the enforcement of mandatory reliability standards.  These standards ensure that all 
owners, operators, and users of the bulk-power system have an obligation to maintain system 
security and reliability.  The standards are structured so that there are always entities with 
broader responsibilities than the applicant, such as reliability coordinators and balancing 
authorities, to keep a constant watch over the domestic transmission system. 

 
To deliver the export from the source to a border system, the applicant must make the 

necessary commercial arrangements and obtain sufficient transmission capacity to wheel the 
exported energy to the border system.  The applicant would be expected to follow FERC orders 
regarding open transmission access and to schedule delivery of the export with the appropriate 
RTO, ISO, and/or balancing authority (formerly the control area operator). 

 
It is the responsibility of the RTO, ISO, and/or balancing authority to schedule the 

delivery of the export consistent with established and mandatory operational reliability criteria.  
During each step of the process of obtaining transmission service, the owners and/or operators of 
the transmission facilities will evaluate the impact on the system and schedule the movement of 
the export only if it would not violate established operating reliability standards.  As a failsafe, 
the reliability coordinator in each region has the authority and responsibility to curtail, cancel, or 
deny scheduled flows to avoid shortages or to restore necessary energy and capacity reserves.  
Reliability Standard EOP-011-1 R2 provides that “[e]ach Balancing Authority shall develop, 
maintain, and implement one or more Reliability Coordinator-reviewed Operating Plan(s) to 
mitigate Capacity Emergencies and Energy Emergencies within its Balancing Authority Area.” 11F

12 
 

 
12 EOP-011-1 (Emergency Operations), at ¶ B.R2. 
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Specifically, the reliability coordinator has the authority to suspend exports if the electric 
energy would be needed to support the regional power grid.  See Reliability Standard IRO-001-
4 R1 (“Each Reliability Coordinator shall act to address the reliability of its Reliability 
Coordinator Area via direct actions or by issuing Operating Instructions”), R2 (“Each 
Transmission Operator, Balancing Authority, Generator Operator, and Distribution Provider 
shall comply with its Reliability Coordinator’s Operating Instructions unless compliance with the 
Operating Instructions cannot be physically implemented or unless such actions would violate 
safety, equipment, regulatory, or statutory requirements”), and R3 (“Each Transmission 
Operator, Balancing Authority, Generator Operator, and Distribution Provider shall inform its 
Reliability Coordinator of its inability to perform the Operating Instruction issued by its 
Reliability Coordinator in Requirement R1”).

DOE has determined that the existing industry procedures for obtaining transmission 
capacity on the domestic transmission system (described above) provide adequate assurance that 
any export will not cause an operational reliability problem.  Therefore, TEMUS’s export 
authorization has been conditioned to ensure that the export will not cause operational issues on 
regional transmission systems to fall outside of established industry reliability criteria, or cause 
or exacerbate a transmission operating problem on the U.S.’ electric power supply system (see 
Order below, Section VII, paragraphs C, D, and I). 

Moving Electricity Through a Border System.  The second part of DOE’s reliability 
inquiry, addressing the transmission of the export through a border system and across the border, 
is a question of whether the border system is reliable and secure.  To a large extent, this question 
is addressed by the jurisdiction of NERC.  NERC and Regional Entities—including the Midwest 
Reliability Organization, the Northeast Power Coordinating Council, and the Western Electricity 
Coordinating Council—oversee the U.S.-Canadian border system and a significant part of the 
U.S.-Mexican border system.  Those border systems are generally subject to the same reliability 
standards as domestic systems.  See, e.g., http://www.ieso.ca/sector-participants/system-
reliability/reliability-standards-framework. 

DOE also relies on the System Impact Studies submitted in conjunction with an 
application for a DOE-issued Presidential permit 12F

13 to construct a new international transmission 
line.  As DOE has previously reviewed System Impact Studies submitted with Presidential 
permit applications,13F

14 DOE does not need to perform additional impact assessments here, 
provided the maximum rate of transmission for all exports through a border system does not 
exceed the authorized limit of the system (see Order below, Section VII, paragraph (A)).  In its 
application, TEMUS committed to complying with all reliability limits on border facilities.  See 
App. at 5.  The second part of the reliability inquiry is therefore satisfied by DOE regulatory 
oversight, in addition to NERC’s reliability enforcement. 
  

 
13 DOE issues Presidential permits pursuant to Executive Order 10,485, as amended by 

Executive Order 12,038. 
14 See, e.g., AEP Tex. Cent. Co., Order No. PP-317, at 2-3 (Jan. 22, 2007); Mont. Alta. Tie 

Ltd., Order No PP-305, at 2-4 (Nov. 17, 2008). 
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III. FINDINGS AND DECISION

A. TEMUS Meets the Statutory Requirements to Export Electric Energy to Canada

As explained above, DOE has assessed the impact that the proposed export would have 
on the reliability of the U.S. electric power supply system.  DOE has determined that the export 
of electric energy to Canada by TEMUS, as ordered below, would not impair the sufficiency of 
electric power supply within the U.S. and would not impede or tend to impede the coordination 
in the public interest of facilities within the meaning of FPA § 202(e). 

 
B. TEMUS Qualifies for a NEPA Categorical Exclusion for Exports of Electric Energy 

TEMUS’s Application qualifies for DOE’s categorical exclusion for exports of electric 
energy under the National Environmental Policy Act of 1969, as amended (NEPA), 
42 U.S.C. § 4321 et seq.  DOE’s NEPA Implementing Procedures (June 2025) set forth this 
categorical exclusion, codified as “B4.2,” as follows: 

 
Export of electric energy as provided by Section 202(e) of the Federal Power Act 
over existing transmission lines or using transmission system changes that are 
themselves categorically excluded.
 

10 C.F.R. Part 1021, App. B, § B4.2. 
 

DOE has determined that actions in this category do not normally have a significant 
effect on the human environment and that, therefore, neither an environmental assessment nor an 
environmental impact statement normally is required.  10 C.F.R. § 1021.102(a). 

 
To invoke this categorical exclusion, DOE must determine that, in relevant part, “[t]here 

are no extraordinary circumstances related to the proposal that may affect the significance of the 
environmental effects of the proposal.”  10 C.F.R. § 1021.102(b)(2).  “Extraordinary 
circumstances” include “unique situations” such as “scientific controversy about the 
environmental effects of the proposal; uncertain effects or effects involving unique or unknown 
risks; and unresolved conflicts concerning alternative uses of available resources.”  Id.  DOE 
finds that granting TEMUS’s request for export authorization does not present such 
extraordinary circumstances.  TEMUS seeks to deliver electricity over existing international 
electric transmission facilities, which fits squarely within the B4.2 categorical exclusion.  For 
these reasons, DOE will not require more detailed NEPA review in connection with this 
Application. 
 

C. Conclusion 
 

DOE grants TEMUS’s request for export authorization renewal.  TEMUS is authorized to 
export electricity to Canada over any authorized international transmission facility that is 
appropriate for open access transmission by third parties, subject to the limitations and 
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conditions described in this Order.  The authorization shall be effective for a five (5) year term 
consistent with DOE’s standard term for electricity export authorizations. 

IV. DATA COLLECTION AND REPORTING REQUIREMENTS

The responsibility for the data collection and reporting under orders authorizing electricity
exports to a foreign country currently rests with the U.S. Energy Information Administration (EIA) 
within DOE.  The Applicant is instructed to follow EIA instructions in completing this data 
exchange.  Questions regarding the data collection and reporting requirements can be directed to 
EIA by email at EIA4USA@eia.gov or by phone at (855) 342-4872. 

Additionally, any change to the tariff of an entity with an export authorization must be 
provided to DOE’s Office of Electricity via email at electricity.exports@hq.doe.gov.  
10 C.F.R. § 205.308(b). 

V. COMPLIANCE

Obtaining a valid order from DOE authorizing the export of electricity under
FPA § 202(e) is a necessary condition before engaging in the export.  Failure to obtain such an 
order or continuing to export after the expiration of such an order may result in a denial of 
authorization to export in the future and subject the exporter to sanctions and penalties under the 
FPA.  DOE expects transmitting utilities owning border facilities and entities charged with the 
operational control of those border facilities, such as ISOs, RTOs, or balancing authorities, to 
verify that companies seeking to schedule an electricity export have the requisite authority from 
DOE to export such energy. 

DOE expects TEMUS to abide by the terms and conditions established for its authority to 
export electric energy to Canada, as set forth below.  DOE intends to monitor TEMUS
compliance with these terms and conditions, including the requirement in paragraph G of this 
Order that TEMUS create and preserve full and complete records and file reports with EIA as 
discussed above. 

A violation of any of these terms and conditions, including the failure to submit timely 
and accurate reports, may result in the loss of authority to export electricity and subject TEMUS
to any applicable sanctions and penalties under the FPA. 

VI. OPEN ACCESS POLICY

An export authorization issued under FPA § 202(e) does not impose a requirement on
transmitting utilities to provide service.  However, DOE expects transmitting utilities that own 
border facilities to provide open access transmission service across the border in accordance with 
the principles of comparable open access and non-discrimination contained in the FPA and 
articulated in FERC Order No. 888 (Promoting Wholesale Competition Through Open Access 
Non-Discriminatory Transmission Services by Public Utilities, FERC Statutes and Regulations 
¶ 31,036 (1996)), as amended.  The actual rates, terms, and conditions of transmission service 
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should be consistent with the non-discrimination principles of the FPA and the transmitting 
utility’s Open-Access Transmission Tariff on file with FERC.

 All recipients of export authorizations, including owners of border facilities for which 
Presidential permits have been issued, are required by their export authorization to conduct 
operations in accordance with the applicable principles of the FPA and any pertinent rules, 
regulations, directives, policy statements, and orders adopted or issued thereunder, including the 
comparable open access provisions of FERC Order No. 888, as amended.  Cross-border electric 
trade ought to be subject to the same principles of comparable open access and non-
discrimination that apply to transmission in interstate commerce.  See Enron Power Mktg., Inc. v. 
El Paso Elec. Co., 77 FERC ¶ 61,013 (1996), reh’g denied, 83 FERC ¶ 61,213 (1998).  Thus, 
DOE expects owners of border facilities to comply with the same principles of comparable open 
access and non-discrimination that apply to the domestic, interstate transmission of electricity. 
 
VII. ORDER 

 
Accordingly, pursuant to FPA § 202(e) and the Rules and Regulations issued thereunder 

(10 C.F.R. §§ 205.300-309), it is hereby ordered that TEMUS is authorized to export electric 
energy to Canada under the following terms and conditions: 

 
(A) The electric energy exported by TEMUS pursuant to this Order may be delivered to 

Canada over any authorized international transmission facility that is appropriate for open 
access transmission by third parties in accordance with the export limits authorized by 
DOE. 

 
(1) The following international transmission facilities located at the U.S. border with 
Canada are currently authorized by Presidential permit and available for open access 
transmission:14F

15
15F

16 

 

 
15 This Order authorizes the export of electricity over any “authorized international 

transmission facility,” which is intended to include both large transmission lines and smaller 
distribution lines that have received a Presidential permit.  However, the list in subparagraph 
(A)(1) of current facilities only includes transmission lines. 

16 The Applicant submitted a list identifying currently authorized transmission facilities 
(Exhibit C of the Application).  However, as information about some of those facilities may have 
changed since the Application was submitted, the table of transmission facilities in this Order 
may differ from the Applicant’s submission to reflect those changes. 
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Owner     Location  Voltage Permit No. 16F

17

Basin Electric Power Cooperative Tioga, ND  230 kV  PP-64 

Bonneville Power Administration      Blaine, WA  2x 500 kV PP-10 
(BPA)      Nelway, WA  230 kV  PP-36 

Nelway, WA  230 kV  PP-46 

CHPE, LLC    Champlain, NY ±230 kV DC PP-481 17F

18 

Eastern Maine Electric Cooperative Calais, ME  69 kV  PP-32 

International Transmission   Detroit, MI  230 kV  PP-230 
Company    Marysville, MI 230 kV  PP-230 

St. Claire, MI  230 kV  PP-230 
St. Claire, MI  345 kV  PP-230 

Lake Erie Connector Transmission,    Erie County, PA  320 kV  PP-412 18F

19 
LLC

Long Sault, Inc.   Massena, NY   2x 115 kV PP-24 

Maine Electric Power Company Houlton, ME  345 kV  PP-43 

Minnesota Power, Inc.  International Falls, 115 kV  PP-78 
MN
Roseau County, MN 500 kV  PP-398 

Minnkota Power Cooperative  Roseau County, MN 230 kV  PP-61 

Montana Alberta Tie Ltd.  Cut Bank, MT  230 kV  PP-399 

NECEC Transmission LLC   Beattie Twp, ME ±320 kV PP-438 

New York Power Authority  Massena, NY  765 kV  PP-56 
(NYPA)    Massena, NY   2x 230 kV PP-25 

Niagara Falls, NY  2x 345 kV PP-74 
Devils Hole, NY  230 kV  PP-30 

Niagara Mohawk Power Corp. Devils Hole, NY 230 kV  PP-190 

 
17 These Presidential permit numbers refer to the generic DOE permit number and are 

intended to include any subsequent amendments to the permit authorizing the facility. 
18 Currently constructed but not yet operational as of April 2026.
19 These transmission facilities have been authorized but not yet constructed or placed 

into operation. 
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Northern States Power Company Red River, ND 230 kV            PP-45 
     Roseau County, MN 500 kV  PP-63 
     Rugby, ND  230 kV  PP-231 

Sea Breeze Olympic Converter LP Port Angeles, WA  ±450 kV DC PP-299 19F

20 

TDI New England   Alburgh, VT  ±320 kV DC PP-400 20F

21

Vermont Electric Power Co.  Derby Line, VT 120 kV  PP-66 

Vermont Electric Transmission Co. Norton, VT   ±450 kV DC PP-76 

Vermont Transco LLC  Highgate, VT  120 kV  PP-82 

Versant Power Fort Fairfield, ME 69 kV  PP-497 
Madawaska, ME 138 kV  PP-498 

     Easton, ME  7.2 kV  PP-499 
Baileyville, ME           345kV  PP-500 

(2) The following are the authorized export limits for the international transmission lines 
listed above in subparagraph (A)(1): 

(a) Exports by TEMUS made pursuant to this Order shall not cause the total exports 
on facilities authorized by Presidential Permit PP-64 (issued to Basin Electric 
Power Coop.) to exceed an instantaneous transmission rate of 150 megawatts 
(MW).  The gross amount of energy that TEMUS may export over the PP-64 
facilities shall not exceed 900,000 megawatt-hours (MWh) during any 
consecutive 12-month period. 

(b) Exports by TEMUS made pursuant to this Order shall not cause the total exports 
on the facilities authorized by Presidential Permit PP-32 (issued to Eastern 
Maine Electric Coop.) to exceed an instantaneous transmission rate of 15 MW.  
The gross amount of energy that TEMUS may export over the PP-32 facilities 
shall not exceed 7,500 MWh annually. 

(c) Exports by TEMUS made pursuant to this Order shall not cause the total exports 
on a combination of the facilities authorized by Presidential Permit PP-481-3 
(issued to CHPE, LLC) to exceed an instantaneous transmission rate of 
1,250 MW. 

 
20 These transmission facilities have been authorized but not yet constructed or placed 

into operation. 
21 These transmission facilities have been authorized but not yet constructed or placed 

into operation. 
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(d) Exports by TEMUS made pursuant to this Order shall not cause the total exports 
on a combination of the facilities authorized by Presidential Permit PP-230-4 
(issued to International Transmission Company) to exceed a coincident, 
instantaneous transmission rate of 2.2 billion volt-amperes (2,200 MVA). 

(e) Exports by TEMUS made pursuant to this Order shall not cause the total exports 
on a combination of the facilities authorized by Presidential Permit PP-412-1 
(issued to Lake Erie Connector Transmission, LLC) to exceed an instantaneous 
transmission rate of 1,000 MW. 

(f) Exports by TEMUS made pursuant to this Order shall not cause the scheduled 
rate of transmission over a combination of facilities authorized by Presidential 
Permits PP-43 (issued to Maine Electric Power Company) and PP-500 (issued to 
Versant Power) to exceed 550 MW. 

(g) Exports by TEMUS made pursuant to this Order shall not cause the total exports 
on the combination of facilities authorized by Presidential Permits PP-497 and 
PP-498 (issued to Versant Power) to exceed a coincident, instantaneous 
transmission rate of 134 MW. 

(h) Exports by TEMUS made pursuant to this Order shall not cause total exports on 
the facilities authorized by Presidential Permit PP-78-1 (issued to Minnesota 
Power, Inc.) to exceed an instantaneous transmission rate of 100 MW.  Exports 
by TEMUS may cause total exports on the PP-78-1 facilities to exceed 100 MW 
only when total exports between the Mid-Continent Area Power Pool (MAPP) 
and Manitoba Hydro are below maximum transfer limits and/or whenever 
operating conditions within the MAPP system permit exports on the PP-78-1 
facilities above the 100-MW level without violating established MAPP reliability 
criteria.  However, under no circumstances shall exports by TEMUS cause the 
total exports on the PP-78-1 facilities to exceed 150 MW. 

(i) Exports made by TEMUS pursuant to this Order shall not cause total exports on 
the facilities authorized by Presidential Permit PP-398 (issued to Minnesota 
Power, Inc.) to exceed an instantaneous transmission rate of 750 MW. 

(j) Exports by TEMUS made pursuant to this Order shall not cause total exports on 
a combination of the international transmission lines authorized by Presidential 
Permits PP-45-2 and PP-63-4 (issued to Northern States Power Company), PP-
61-1 (issued to Minnkota Power), and PP-231 (issued to Northern States Power 
Company, d/b/a Excel Energy Inc. (Xcel)), to exceed an instantaneous 
transmission rate of 700 MW on a firm basis and 1,050 MW on a non-firm basis. 

(k) Exports by TEMUS made pursuant to this Order shall not cause the total exports 
on the facilities authorized by Presidential Permit PP-66-2 (issued to Vermont 
Electric Power Co.) to exceed an instantaneous transmission rate of 50 MW.  
The gross amount of energy that TEMUS may export over the PP-66-2 facilities 
shall not exceed 50,000 MWh annually. 
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(l) Exports by TEMUS made pursuant to this Order shall not cause the total exports 
on the facilities authorized by Presidential Permit PP-56 (issued to NYPA) to 
exceed an instantaneous transmission rate of 1,000 MW.

(m) Exports by TEMUS made pursuant to this Order shall not cause:  (a) the total 
exports on the facilities authorized by Presidential Permits PP-25, PP-30, PP-74 
(issued to NYPA), and PP-190 (issued to Niagara Mohawk Power Corp.) to 
exceed a combined instantaneous transmission rate of 1,650 MW; and (b) the 
total exports on the 115-kV facilities authorized by Presidential Permit PP-24 
(issued to Long Sault, Inc.) to exceed an instantaneous transmission rate of 
100 MW.  In addition, the gross amount of energy that TEMUS may export over 
the PP-24 facilities shall not exceed 300,000 MWh annually. 

(n) Exports by TEMUS made pursuant to this Order shall not cause total exports on 
the two 500-kV lines authorized by Presidential Permit PP-10-1, the 230-kV line 
authorized by Presidential Permit PP-36, and the 230-kV line authorized by 
Presidential Permit PP-46 (issued to BPA) to exceed the following limits: 

Condition PP-36 & PP-46 Limit PP-10-1 Limit Total Export Limit 
All lines in service 400 MW 1500 MW 1900 MW
1-500 kV line out 400 MW 300 MW 700 MW
2-500 kV lines out 400 MW 0 MW 400 MW
1-230 kV line out 400 MW 1500 MW 1900 MW
2-230 kV line out 0 MW 1500 MW 1500 MW

(o) Exports by TEMUS made pursuant to this Order shall not cause a violation of the 
following conditions as they apply to exports over the facilities authorized by 
Presidential Permit PP-76-1, as amended (issued to the Vermont Electric 
Transmission Company): 

 

    New England Power Pool (NEPOOL) 
Exports Through Load Condition Export Limit
Comerford converter Summer, Heavy 650 MW
Comerford converter Winter, Heavy 660 MW
Comerford converter Summer, Light 690 MW
Comerford converter Winter, Light 690 MW

Comerford & Sandy Pond 
converters

All 2,000 MW

 
(p) Exports by TEMUS made pursuant to this Order over the international 

transmission facilities authorized by Presidential Permit PP-399 (issued to 
Montana Alberta Tie Ltd.) shall not exceed an instantaneous transmission rate of 
300 MW. 

(q) Exports by TEMUS made pursuant to this Order over the international 
transmission facilities authorized by Presidential Permit PP-438 (issued to 



16 

NECEC Transmission LLC) shall not exceed an instantaneous transmission rate 
of 1,200 MW.

(r) Exports by TEMUS made pursuant to this Order over the international 
transmission facilities authorized by Presidential Permit PP-299-1 (issued to Sea 
Breeze Olympic Converter LP) shall not exceed an instantaneous transmission 
rate of 550 MW.

(s) Exports by TEMUS made pursuant to this Order shall not cause the total exports 
on a combination of the facilities authorized by Presidential Permit PP-400 
(issued to TDI-New England) to exceed an instantaneous transmission rate of 
1,000 MW. 

(t) Exports by TEMUS made pursuant to this Order shall neither cause the total 
exports on the facilities authorized by Presidential Permit PP-82-6 (issued to 
Vermont Transco LLC) to exceed an instantaneous transmission rate of 
250 MW. 

(B) Changes by DOE to the export limits in other orders shall result in a concomitant change to 
the export limits contained in subparagraph (A)(2) of this Order.  Changes to the export 
limits contained in subparagraphs (A)(2)(l), (m), and (n) will be made by DOE after 
submission of appropriate information demonstrating a change in the transmission transfer 
capability between the electric systems in New York State and Ontario and New York State 
and Quebec, and between BPA and BC Hydro or BPA and West Kootenay Power.  Notice 
of these changes will be provided to TEMUS. 
 

(C) TEMUS shall obtain any and all other Federal and state regulatory approvals required to 
execute any power exports to Canada.  The scheduling and delivery of electricity exports to 
Canada shall comply with all reliability criteria, standards, and guidelines of NERC, 
reliability coordinators, Regional Entities, RTOs, ISOs or balancing authorities, or their 
successors, as appropriate, on such terms as expressed therein, and as such criteria, 
standards, and guidelines may be amended from time to time. 

 
(D) Exports made pursuant to this authorization shall be conducted in accordance with the 

applicable provisions of the FPA and any pertinent rules, regulations, directives, policy 
statements, and orders adopted or issued thereunder, including the comparable open access 
provisions of FERC Order No. 888, as amended. 
 

(E) The authorization herein granted may be modified from time to time or terminated by 
further order of DOE.  In no event shall such authorization to export over a particular 
transmission facility identified in subparagraphs (A)(1) and (2) extend beyond the date of 
termination of the Presidential permit or treaty authorizing such facility. 

 
(F) This authorization shall be without prejudice to the authority of any state or state regulatory 

commission for the exercise of any lawful authority vested in such state or state regulatory 
commission. 
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(G) TEMUS shall make and preserve full and complete records with respect to the electric
energy transactions between the U.S. and Canada. TEMUS shall collect and submit the
data to EIA as required by and in accordance with the procedures of Form EIA-111,
“Quarterly Electricity Imports and Exports Report,” and all successor forms.

(H) In accordance with 10 C.F.R. § 205.305, this export authorization is not transferable or
assignable, except in the event of involuntary transfer by operation of law.  Provided
written notice of the involuntary transfer is given to DOE within 30 days, this authorization
shall remain in effect temporarily.  The authorization shall terminate unless an application
for a new export authorization has been received by DOE within 60 days of the involuntary
transfer.  Upon receipt by DOE of such an application, this existing authorization shall
continue in effect pending a decision on the new application.  In the event of a proposed
voluntary transfer of this authority to export electricity, the transferee and the transferor
shall file a joint application for a new export authorization, together with a statement of the
reasons for the transfer.

(I) Nothing in this Order is intended to prevent the transmission system operator from being
able to reduce or suspend the exports authorized herein, as necessary and appropriate,
whenever a continuation of those exports would cause or exacerbate a transmission
operating problem or would negatively impact the security or reliability of the transmission
system.

(J) TEMUS has a continuing obligation to give DOE written notification as soon as practicable
of any prospective or actual changes of a substantive nature in the circumstances upon
which this Order was based, including but not limited to changes in authorized entity
contact information or NERC compliance registry status.

(K) This authorization shall be effective as of the date of signature and shall remain in effect
for a period of five (5) years from that date.  Application for renewal of this authorization
may be filed within six (6) months prior to its expiration.  Failure to provide DOE with at
least one hundred and twenty (120) days to process a renewal application and provide
adequate opportunity for public comment may result in a gap in TEMUS’s authority to
export electricity.

Issued in Washington, DC, on August 11, 2026. 

____________________________  
Holly Rachel Smith 
Deputy Assistant Secretary
Office of Electricity 
U.S. Department of Energy 
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Preface  

 
Electricity powers our modern life and is the bedrock of our economic wellbeing. The Electric Reliability 
Organization (ERO) Enterprise—comprised of NERC and the six Regional Entities—is firmly committed to 
assuring a highly reliable, resilient, and secure bulk power system (BPS) in North America. The ERO Enterprise 
enables collaborative engagement with industry, regulators, and stakeholders, embracing innovation and 
supporting the needs of nearly 400 million people. 
 

R E L I A B I L I T Y  |  R E S I L I E N C E  |  S E C U R I T Y  

POWERING TODAY. PROTECTING TOMORROW.  
 
The North American BPS is made up of six Regional Entities as shown on the map and in the corresponding 
table below. The multicolored area denotes overlap as some load-serving entities participate in one Regional 
Entity while associated Transmission Owners/Operators participate in another. 

 
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 Technical Assessment 

 

Introduction 
The State of Reliability (SOR) report seeks to inform regulators, policymakers, and industry leaders on the 
most significant reliability risks facing the BPS and describe the actions that the ERO Enterprise has taken 
and will take to address them. This year’s SOR report is comprised of two publications: this 2026 SOR 
Technical Assessment, which provides NERC’s comprehensive annual technical review of BPS reliability for 
the 2025 operating (calendar) year, and the 2026 SOR Overview, which is a high-level summary of the 
Technical Assessment with the following details:  

• The 2026 SOR Overview replaces the key findings previously found in the Technical Assessment.  

• This 2026 SOR Technical Assessment details major occurrences and provides in-depth analysis of 
risks and resilience, grid transformation and performance, and related performance metrics.  

 

Purpose of the SOR  
Both the Overview and the Technical Assessment provide objective and concise information for 
policymakers, industry leaders, and regulators on issues that affect the reliability and resilience of the North 
American BPS. Specifically, the SOR report does the following: 

• Analyzes performance trends and emerging reliability risks 

• Reports on the relative health of the interconnected system 

• Measures the success of mitigation activities 
 
NERC, as the ERO, works to assure the effective and efficient reduction of reliability and security risks to the 
North American BPS. Annual and seasonal risk assessments look to the future, and special reports on 
emergent risks serve to identify and mitigate potential risks. This assessment identifies performance trends 
and provides strong technical support for those interested in the detailed analytics.  
 
NERC defines the reliability1 of the interconnected BPS in terms of two basic and functional aspects: 
adequacy and operating reliability. 
 
The 2026 SOR report focuses on BPS2 performance during the prior calendar year as measured by an 
established set of performance metrics, other reliability indicators, and more detailed analysis performed 
by ERO staff and technical committee participants. Data used in the analysis comes from the Transmission 
Availability Data System (TADS), the Generating Availability Data System (GADS), the Misoperation 
Information Data Analysis System (MIDAS), voluntary reporting into the Event Analysis Management System 
(TEAMS), Bulk Power System Awareness monitoring and processes, and the Institute of Electrical and 
Electronics Engineers (IEEE) Distribution Reliability Working Group. ERO staff developed this independent 
assessment with support from the Performance Analysis Subcommittee (PAS). 

 

 
1 Learn About NERC provides background information about NERC, the definition of reliability, and the electric grid. 
2 The term BPS is defined in Section 215 of the Federal Power Act as facilities and control systems necessary for operating an 
interconnected electric energy transmission network (or any portion thereof); and electric energy from generating facilities needed 
to maintain transmission system reliability. The term does not include facilities used in the local distribution of electric energy. 16 
U.S.C. § 824o(a)(1). Bulk Electric System (BES) is a subset of the BPS and is a defined term under the NERC Glossary as approved by 
the Federal Energy Regulatory Commission (FERC). As the Electric Reliability Organization, NERC is responsible for developing and 
enforcing Reliability Standards to ensure an adequate level of reliability of the BPS and assessing reliability of the BPS. NERC’s 
regulatory model is designed to ensure that entities capable of affecting the reliability of the BPS are registered and subject to 
Reliability Standards. North Am. Elec. Reliability Corp., 187 FERC ¶ 61,196, P 53 (2024). 

https://www.nerc.com/newsroom?pg=1&cat=Podcasts
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NERC also produces the following regular assessments to evaluate BPS security as well as present and future 
BPS reliability: 

• Long-Term Reliability Assessment (LTRA)  

• Summer and Winter Assessments 

• Electricity Information Sharing and Analysis Center (E-ISAC) End-of-Year Report  
 

Considerations 

• Data in the SOR report represents the performance for the January–December 2025 operating year 
unless otherwise noted. 

• Unless specified otherwise, analysis in this report is based on data from 2021–2025 that was 
available in Spring 2026, and it provides a basis to evaluate 2025 performance relative to 
performance over the last five years.  All dates and times shown are in Coordinated Universal Time 
(UTC).  

• The SOR report is a review of industry-wide trends and not the performance of individual entities.  

• When analysis is presented by Interconnection, the Québec Interconnection (QI) is combined with 
the Eastern Interconnection (EI) unless specific analysis for the QI is shown.  
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Chapter 1: Major Occurrences for 2025  

 
Overall, the BPS was reliable3 throughout 2025. This chapter highlights major occurrences and reports that 
were issued in 2025. These occurrences and reports did not constitute a key finding but had a notable impact 
on the BPS. 
 
Figure 1.1 highlights important numbers and facts about the North American BPS. Table 1.1 shows the five-
year trend of these numbers. 
 

 
Figure 1.1: 2025 BPS Inventory and Performance Statistics 

 

Table 1.1: Five-Year BPS Inventory and Performance Statistics 

Rank 2021 2022 2023 2024 2025 

Projected Energy (GWh) 4,585,939 4,674,290 4,687,894 4,856,251 4,947,942 

Actual Energy (GWh) 4,626,790 4,695,921 4,663,574 4,787,277 N/A 

Summer Peak Capacity (MW) 1,056,980 1,057,455 1,071,370 1,087,354 1,140,721 

Total Transmission Circuit Miles 
>100 kV miles 

508,766 522,433 529,344 526,853 527,942 

Count of Transmission Circuits 
>100 kV 

28,411 29,165 29,932 30,014 30,666 

Count of Transformers with a 
Low-Side Voltage >100 kV 

5,715 5,773 5,805 5,832 5,866 

Number of Conventional 
Generating Units >20 MW4 

5,375 5,453 5,290 5,243 5,239 

 
3 Learn About NERC provides background information about NERC, the definition of reliability, and understanding the grid. 
4 2025 methodology was updated to only include mandatorily reported units that submitted at least one performance record. 

https://www.nerc.com/news/Pages/LearnAboutNERC.aspx
https://www.nerc.com/news/Pages/LearnAboutNERC.aspx
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Table 1.1: Five-Year BPS Inventory and Performance Statistics 

Rank 2021 2022 2023 2024 2025 

Reported MW of Installed 
Conventional Generation5 

913,103 926,302 902,018 896,430 876,982 

Reported MW of Installed Wind 
Generation6 

112,811 124,039 129,963 135,866 138,190 

Reported MW of Installed Solar 
Generation7 

N/A N/A N/A N/A N/A 

Portion of Hours in the Year with 
No Operator-Initiated Firm Load 
Shedding Associated with Energy 
Emergency Alert Level 3 (EEA 3) 

99.2% 99.4% 100% >99.9% 100% 

Category 3 Events (Non-Weather 
Related) 

0 1 0 1 1 

Amount of Unserved Energy 
Associated with EEA 3 (GWh) 

1,015.5 96.2 0 0.1 0 

Number of Hours with Operator-
Initiated Load Shed 

71 56.5 0 0.4 0 

 

Major Weather Events 
Although 2025 was generally temperate, major weather events continue to be considered the greatest risk 
to reliability due to the increase in frequency, footprint, and duration; NERC’s ERO Reliability Risk Priorities 
Report8 identified resilience to extreme events, including extreme natural weather events, as one of the five 
risk groupings that represent evolving risks to reliability. Major weather events in 2025, including severe 
winter storms, thunderstorms, and tornadoes, were analyzed and collectively found to have had less of an 
impact on the BPS than in previous years. Of the 23 billion-dollar events highlighted in Figure,9 only three 
appeared in the Severity Risk Index and six in the Analysis of Transmission System Resilience section. 
Although numerous economically impactful events also occurred in Canada in 2025 (Figure), none were 
considered to have had a major impact on the BPS based on data used in the severity risk index (SRI) and 
transmission system resilience analysis. 
 

 
5 MW of installed conventional generation is calculated based on highest net dependable capacity reported in GADS performance 
for the given year. Only units >20 MW are required to report for GADS. Units that did not complete performance reporting are 
excluded from this total.  
6 Includes plants with a total installed capacity >75 MW. 
7 During this year’s data analysis, NERC identified significant GADS solar data reporting errors and numerous missing plants compared 
to EIA 860 data. NERC will be coordinating with Regional Entity staff to perform industry outreach and resolve these errors in 2026. 
8 NERC’s ERO Reliability Risk Priorities Report  
9In alignment with evolving priorities, NOAA’s National Centers for Environmental Information (NCEI) will no longer be updating the 
Billion Dollar Weather and Climate Disasters product. Climate Central, a policy-neutral 501(c)(3) nonprofit now generates a similar 
product.  

https://www.eia.gov/electricity/data/eia860/
https://www.nerc.com/globalassets/our-work/reports/ero-reliability-risk-priorities-report/2025_risc_ero_priorities_report.pdf
https://www.ncei.noaa.gov/access/billions/
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Figure 1.2: 2025 U.S. Billion-Dollar Weather and Climate Disasters10 

 
 

 

 
Figure 1.3: 2025 Canadian Insured Catastrophic Losses11 

 

  

 
10 The peer-reviewed methodologies behind this dataset remain unchanged at Climate Central, where the project will continue to 
be led by Adam Smith, who served as the lead scientist for the project at NOAA from 2010 to 2025. U.S. Billion-Dollar Weather and 
Climate Disasters | Climate Central 
11 Severe weather-related insured losses in Canada exceed $2.4 billion in 2025 

https://www.climatecentral.org/climate-services/billion-dollar-disasters
https://www.climatecentral.org/climate-services/billion-dollar-disasters
https://www.ibc.ca/news-insights/news/severe-weather-related-insured-losses-in-canada-exceed-2-4-billion-in-2025
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Major System Events and Observations 
The following sections highlight major system events and observations that occurred last year. While these 
events were notable and may have impacted many customers, NERC has determined that they do not belong 
in the SOR Overview as no industry-wide or policy action is being proposed.  
 

Wyoming System Event 
As further detailed in the WECC and NERC joint disturbance report,12 in the early afternoon of November 13, 
2025, the northeast portion of the Western Interconnection (WI) experienced a system disturbance that 
triggered cascading outages affecting about 250,000 customers for up to nine hours. The event impacted 
parts of several states, including Montana, South Dakota, Wyoming, and Nebraska, with one Transmission 
Operator (TOP) experiencing a complete blackout across facilities located on the seam between two 
Reliability Coordinators (RC). This is a low-load, generation-rich portion of the Interconnection. 
 
The disturbance began with a planned outage of a 500 kV transmission line, part of a critical path necessary 
to deliver wind and thermal generation to distant load centers in the WI. The outage was scheduled for 8:00 
a.m. Mountain but postponed until 12:00 p.m. Mountain due to delays in field personnel availability at 
remote stations. During this delay, wind generation increased more than 50% above the day-ahead 
operational planning analysis (OPA) studied flows. 
 
A remedial action scheme (RAS) is in place to automatically trip wind generation for unplanned outages to 
ensure system balance. Prior to switching, the TOP raised the RAS arming setpoint, effectively disabling its 
tripping function. Operators relied on real-time contingency analysis (RTCA) tools but were unaware of 
disabled alarms in their RTCA contingency modeling and the inaccurate megavolt-ampere reactive (Mvar) 
generation parameters that masked the issues that would occur for opening the 500 kV line. 
 
With real-time tools showing no issues, the TOP removed the line from service. Power shifted to an adjacent 
500 kV line, causing a rapid voltage collapse to approximately .30 per unit. Protective relays correctly tripped 
the line within 0.4 seconds, and, with the RAS disabled, there was no action to reduce wind generation.   
 
Most of the western grid remained intact as power flows shifted across the area; however, the system 
experienced a rapid loss of more than 4,800 MW of coal, natural gas, solar photovoltaic (PV), and wind 
generation within six seconds. The sudden imbalance caused frequency to dip to 59.758 Hz, after which it 
gradually recovered and stabilized over the next six minutes. Underfrequency load shedding mechanisms 
were appropriately triggered in the region before the blackout occurred. Total load loss was just over 1,100 
MW. 
 
Coordinated restoration was delayed due to limited RC visibility and competing mitigation priorities. High 
voltages and seam coordination challenges slowed progress, including instances where equipment was 
energized across TOP boundaries without prior notification. Most load was restored within nine hours. The 
entity performing the initial line switching returned most of its generation within eight hours, but one 
thermal plant required more than four days, and one thermal unit experienced catastrophic damage. 
  

Opportunities for Improvement 
 
Personnel 

• Communications during system events should be clear and concise and ensure that mutual 
understanding has been achieved prior to actions being taken.  

 
12 WECC and NERC Joint Wyoming Disturbance Report 

https://www.nerc.com/newsroom/wecc-and-nerc-release-joint-wyoming-disturbance-report
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• System restoration training should be re-evaluated for effectiveness with respect to the RCs and 
TOPs to improve the effectiveness of restoration, focusing on their system status by thorough 
assessments, and communication and coordination among the entities. 

 
Processes 

• RCs should verify how far to model across seams to provide overlapping visibility of potential 
contingencies and operating limits. 

• Entities should use conservative decision making in verifying any discrepancies between RTCA 
results. 

• RCs/TOPs should evaluate the variability of the generation resources in their OPA and set 
appropriate max/min parameters within system operating limits (SOL) to prompt additional 
operator actions. 

 
Tools 

• Entities should investigate the use of additional offline tools to confirm/evaluate online tool results. 

• To ensure mutual understanding, RCs and TOPs should clearly define the information needed and 
the means of communication to be used. 

• Entities should ensure consistent modeling of system parameters such as RAS status. 
 

Load-Pocket Shoulder Season Challenges 
In recent years, shoulder seasons have become increasingly challenging for BPS operators to manage, 
resulting in several recent instances of pre-contingent load shedding.13 In all these cases, RTCA indicated 
that significant issues, such as cascading outages or widespread voltage instability, would likely occur 
following the next loss of a transmission element. 
 
Shoulder seasons are the spring and fall periods between summer and winter peak load periods and have 
historically been used for planned maintenance. Because of this common industry practice, fewer 
generators and transmission lines are available for operators to utilize during these periods, which has 
historically been offset by the lower peak loads. Spring in particular also coincides with more frequent 
thunderstorms. In recent years, tightening reserve margins and an increasing baseline load have 
compounded with a rapid increase in variable energy resources (VER), which present an inherent level of 
uncertainty, to significantly increase operating challenges during these periods.  
 
Instances where these challenges align in specific small areas within a Balancing Authority’s (BA) footprint 
that have limited transmission lines connecting them to the remainder of the system, also known as load 
pockets, have been the catalyst of several recent instances of pre-contingent load shedding.14  
 

Opportunities for Improvement 
As the Interconnections are changing in both resource mix and load characteristics coupled with weather 
variability during shoulder seasons, a different approach may be needed when coordinating facility outages. 
Entities should consider the following: 

• Planning a higher level of operating margin and committing additional generation in load pockets to 
account for larger real-time variabilities in generation, load, and weather 

• Including demand-side management in the mitigation plans for insufficient capacity in load pockets 

 
13 Incident Review: Load-Pocket Shoulder Season Challenges 

https://www.nerc.com/globalassets/our-work/reports/event-reports/incident-review-load-pocket-shoulder-season-challenges.pdf


Chapter 1: Major Occurrences for 2025 

 

2026 State of Reliability 
6 

 

• Considering more extreme scenarios when determining which outage requests to approve 

• Considering PRC-023 loadability requirements when determining contingent overload thresholds 
that trigger cascading analysis 

• Periodically revisiting planned outages and considering updated and expected system conditions to 
determine whether such outages should be postponed 

• In market areas, reviewing processes to ensure that reliability studies (OPA) are using accurate 
generation dispatch and availability as determined from the latest day-ahead market analysis 
(coordinating processes that eliminate discrepancies between the day-ahead market unit 
commitment plan and the OPA studies) 
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Chapter 2: Severity Risks, Impact, and Resilience 

 
This chapter identifies and examines the highest-stress days on the BPS in 2025 using established measures. 
 

Severity Risk Index (SRI) 
The SRI provides a quantitative measure of the relative severity of the combined impact of load, generation, 
and transmission loss on the BPS daily and offers a comprehensive picture of the performance of the BPS, 
allowing NERC to assess year-on-year reliability trends. For 2025, load-loss data voluntarily reported to the 
IEEE Distribution Reliability Working Group was used to estimate the daily load-loss component; generation 
and transmission components are calculated from data collected by NERC. 
 
By comparing the daily SRI scores in descending order for each of the past five years, the overall performance 
of the BPS can be evaluated (Figure 2.1). The inset chart in the upper right of Figure 2.1. provides a detailed 
comparison of the top 10 SRI days for each year. The annual cumulative SRI shown in Table 2.1 sums each 
day’s SRI for the year by component.  
 
The cumulative performance of the BPS is calculated by summing each day’s SRI for the year. Table 2.1 
shows the annual cumulative SRI for the five-year period of 2021–2025. 
 

 
Figure 2.1: NERC Descending SRI by Day of the Year 
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Table 2.1: Annual Cumulative SRI 

Year 
Cumulative 
Weighted 

Generation 

Cumulative 
Weighted 

Transmission 

Cumulative 
Weighted 
Load Loss 

Annual 
Cumulative 

SRI  

Average 
Daily 
SRI 

2021 375.9 63.9 96.6 536.4 1.47 

2022 404.1 59.7 55.2 518.9 1.42 

2023 356.9 64.1 50.5 471.5 1.29 

2024 383.7 60.6 51.8 496.1 1.36 

2025 395.0 55.7 45.3 496.0 1.36 

 
Figure 2.2 plots the 10 highest SRI days daily and the SRI scores for 2025 against control limits that were 
calculated by using the seasonal daily performance of the prior four years. A general normal range of 
performance is represented by the gray-colored band, showing the daily seasonal 90% control limits.14 Days 
that extend above the seasonal control limit indicate irregularities for the season but may not have a high 
enough SRI to rank in the top 10. 
 

 
Figure 2.2: 2025 Daily SRI with Top 10 Days Labeled, 90% Confidence Interval 

 
Table 2.2 details the scores for the top 10 SRI days during 2025. The table identifies where atypical weather 
conditions were ongoing during the day and the general location by Regional Entity. Weather conditions in 
2025 were fairly temperate with no hurricanes making landfall and only a few large, major winter storms 
and thunderstorms. The most impacted day was the result of an atmospheric river, a phenomenon that 
resulted in high winds and heavy rainfall in the Northwestern United States. 

 
14 The shaded area reflects the 90% confidence interval (CI) of the historic values between the 5th and 95th percentiles. 
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Table 2.2: 2025 Top 10 SRI Days 

Rank Date 

SRI and Weighted Components 2025 
Atypical Weather 

Conditions 
Regional 
Entities SRI 

Weighted 
Generation 

Weighted 
Transmission 

Weighted 
Load Loss 

1 17-Dec 3.92 2.34 0.95 0.64 
Northwestern 
Atmospheric River 

WECC 

2 21-Jan 3.65 3.24 0.32 0.09 Winter Storm Enzo RF, SERC 

3 22-Jan 3.49 3.27 0.14 0.07 Winter Storm Enzo RF, SERC 

4 24-Jun 3.39 2.75 0.24 0.40 Thunderstorms 
NPCC, RF, 
SERC 

5 19-Jun 3.27 1.35 0.26 1.65 
Thunderstorms, 
Tornadoes 

MRO, RF, 
SERC 

6 16-Feb 3.25 1.91 0.21 1.13 
Severe Storm in 
Southeast 

SERC 

7 19-Dec 3.06 1.56 0.31 1.19 
Northwestern 
Atmospheric River 

WECC 

8 1-Jul 2.97 2.75 0.16 0.06 
Coincidental 
Generator Outages 

All Regions 

9 29-Apr 2.81 1.03 0.28 1.51 Thunderstorms 
MRO, 
NPCC, RF 

10 15-Dec 2.79 2.47 0.10 0.22 Winter Storm 
RF, SERC, 
Texas RE 

 

SRI Performance Trends 
To put the severity of days in 2025 into context with historic BPS performance, the top 10 days over the five-
year period are updated annually. Historically, the PAS has identified days with an SRI below 5 to generally 
be low impact to the BPS. Table 2.3 identifies the top 10 SRI days occurring for 2021–2025 with the 
contribution of the generation, transmission, and load-loss components to the SRI for each day; contributing 
event information; and the Regional Entities impacted by the event. For 2025, there were no days severe 
enough to be added to the top 10 SRI days of the past five years, with all days having an SRI under 4, which 
has historically been considered a very good year.  
 

Table 2.3: 2021–2025 Top 10 SRI Days 

Rank Date 

SRI and Weighted Components 
Atypical 
Weather 

Conditions 

Regional 
Entities SRI 

Weighted 
Generation 

Weighted 
Transmission 

Weighted 
Load Loss 

1 
February 15, 

2021 
61.3515 5.54 0.78 55.0216 Winter Storm 

Uri 

MRO, RF, 
SERC, Texas 
RE, WECC 

2 
February 16, 

2021 
18.3117 5.01 0.53 12.7818 Winter Storm 

Uri 

MRO, RF, 
SERC, Texas 
RE, WECC 

 
15 IEEE DRWG data supplemented with Eagle-I information. 
16 Ibid. 
17 Ibid. 
18 Ibid. 
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Table 2.3: 2021–2025 Top 10 SRI Days 

Rank Date 

SRI and Weighted Components 
Atypical 
Weather 

Conditions 

Regional 
Entities SRI 

Weighted 
Generation 

Weighted 
Transmission 

Weighted 
Load Loss 

3 
December 

23, 2022 
11.25 8.16 0.84 2.26 

Winter Storm 
Elliott 

All 

4 
December 

24, 2022 
7.44 6.43 0.95 0.05 

Winter Storm 
Elliott 

All 

5 
December 

11, 2021 
5.16 1.01 0.70 3.45 Severe Storms 

MRO, NPCC, 
RF, SERC, 
WECC 

6 
September 

27, 2024 
4.69 1.44 2.40 0.85 

Hurricane 
Helene 

SERC 

7 
January 9, 

2024 
4.61 1.59 0.68 2.35 

Northwestern 
Winter Storm, 
Eastern 
Tornadoes 
and Severe 
Storms 

RF, SERC, 
Texas RE, 
WECC 

8 
June 14, 

2022 
4.46 1.52 0.38 2.57 

High 
Temperatures 
and Derecho 

MRO, NPCC, 
RF, SERC, 
Texas RE 

9 April 1, 2023 4.19 1.10 0.44 2.65 
Hurricane 
Florence 

MRO, NPCC, 
RF, SERC 

10 
June 15, 

2022 
3.99 1.59 0.19 2.21 

High 
Temperatures 
and Derecho 

MRO, NPCC, 
RF, SERC, 
Texas RE 

 

Impact of Extreme Event Days 
 

Extreme Event Days 
Extreme event days are identified as event days above the 95th percentile upper bound relative to the past 
four years’ severity measures for any season within North America or a specified Interconnection. This 
analysis expands on the transmission and generation components that contribute to the SRI reported in the 
previous SRI Performance Trends section to explore the causes of the extreme days. 
 
The impacts of extreme days on BPS resources are characterized by the amount of transmission or 
generation reporting immediate forced outages or derates starting on a given day. By analyzing the impact 
and causes of extreme event days, it is possible to identify which conditions pose the highest risk to the BPS. 
While this analysis does not address every potential scenario, learning from performance during extreme 
events helps provide insight into how the system may respond to a range of conditions and events.  

• Extreme-day outages for transmission and generation by Interconnection are presented in 0. The 
analysis provided in the following subsections is reported separately for transmission and 
generation. The total estimated megavolt-amperes (MVA) transfer capacity19 reported in TADS or 

 
19 Severity Risk Index 

https://www.nerc.com/comm/PC/Performance%20Analysis%20Subcommittee%20PAS%202013/SRI_Enhancements_October_2020.pdf#search=SRI%20Enhancements
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net maximum capacity reported to GADS for all Regional Entities or by Interconnection is shown at 
the top of each figure in this chapter.  

 

Transmission Impacted 
In 2025, 12 days met the criteria of extreme transmission days for the BPS as compared to 19 in 2024. The 
most extreme transmission-impacting day was December 17, primarily due to a combination of storms 
throughout the Northwestern United States as part of an atmospheric river phenomenon, affecting a total 
of 16 states (Figure 2.3), where the MVA capacity impacted due to automatic transmission outages was 5.8 
times as high as the associated season’s average. Other extreme days include March 14–15 due to a 
widespread winter storm, March 9 due to a series of severe thunderstorms, and the November 13 Wyoming 
System Event.  
 

 
Figure 2.3: 2025 Sustained Transmission Outages During Extreme Days 

 
The top causes reported for outages that occurred on extreme days are shown in rank order of MVA loss for 
North America and each Interconnection (Table 2.4). Causes for outages are based on those 
Interconnections’ extreme days, shown in Appendix A. The number one outage cause for 2025 was Weather 
(Excluding Lightning), which affected almost five times more MVA capacity than any of the other top causes 
for the year across the Bulk Electric System (BES) and within each Interconnection. 
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Table 2.4: Top Transmission Initiating Outage Causes on Extreme Days 
Ranked by MVA Capacity 

Area Cause #1 Cause #2 Cause #3 Cause #4 Cause #5 

All NERC Regional Entities 

Weather 
(Excluding 
Lightning) 

 
156,789 

Failed AC 
Substation 
Equipment 

 
31,586 

Unknown 
 
 

 
31,515 

Power System 
Condition 

 
 

28,585 

Contamination 
 
 
 

23,963 

Eastern–Québec 
Interconnections 

Weather 
(Excluding 
Lightning) 

 
142,446 

Failed AC 
Substation 
Equipment 

 
35,696 

Lightning 
 
 
 

24,057 

Human Error 
 
 
 

19,268 

Failed AC 
Circuit 

Equipment 
 

15,094 

Texas 
Interconnection 

Weather 
(Excluding 
Lightning) 

 
18,052 

Failed AC 
Substation 
Equipment 

 
10,536 

Lightning 
 
 
 

6,993 

Power System 
Condition 

 
 

4,911 

Unknown 
 
 

 
4,315 

Western Interconnection 

Weather 
(Excluding 
Lightning) 

 
49,701 

Unknown 
 

 
 

39,187 

Fire 
 
 

 
37,074 

Power System 
Condition 

 
 

30,008 

Other 
 
 

 
20,165 

 

Conventional Generation Impacted 
Based on analysis of GADS data, a total of 20 days in 2025 qualified as extreme for North America’s BPS 
(Figure 2.4) compared to 26 in 2024. The four highest-impact days for generation loss were the January 19–
22 winter storms. On these days, conventional generating units experienced outages that were 1.8–2.9 times 
as severe as the associated season’s average. One of the extreme generation loss days coincided with 
extreme days identified for transmission (December 17 Atmospheric River Event). The days on which 
generation outages were slightly above the seasonal bounds that do not have a specific cause listed have 
been investigated and were either found to coincide with severe thunderstorms or high temperatures or 
saw many coincidental outages that were not a result of adverse weather conditions.   
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Figure 2.4: 2025 Generation Impacted During Extreme Days 

 
The top causes reported for outages that occurred on extreme days are shown in ranked order by 
Interconnection (Table 2.5). Causes for Interconnections are based on those Interconnections’ extreme 
days, shown in Appendix A. 
 

Table 2.5: Top Generation Outage Causes on Extreme Days 
Ranked by Unavailable Net Maximum Capacity 

Area Cause #1 Cause #2 Cause #3 Cause #4 Cause #5 

All NERC 
Regional Entities 

Fuel, Ignition, 
and Combustion 

Systems 
 

(32,263) 

Electrical 
 
 
 

(25,877) 

Boiler Tube 
Leaks 

 
 

(21,524) 

Controls 
 
 
 

(20,850) 

Auxiliary Systems 
 
 
 

(20,596) 

Eastern–Québec 
Interconnections 

Fuel, Ignition, 
and Combustion 

Systems 
 

(29,278) 

Electrical 
 
 
 

(22,638) 

Boiler Tube 
Leaks 

 
 

(19,109) 

Auxiliary 
Systems 

 
 

(17,338) 

Miscellaneous 
(Gas Turbine) 

 
 

(14,908) 

Texas 
Interconnection 

Electrical 
 
 

(11,433) 

Controls 
 
 

(9,391) 

Boiler Control 
System 

 
(9,094) 

Boiler Tube 
Leaks 

 
(7,432) 

Feedwater 
System 

 
(5,504) 

Western 
Interconnection 

Controls 
 
 

(6,951) 

Electrical 
 
 

(6,565) 

Auxiliary 
Systems 

 
(5,941) 

Turbine 
 
 

(5,740) 

Miscellaneous 
(External) 

 
(5,529) 
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Analysis of Transmission System Resilience 
The analysis of large transmission events evaluates transmission outages related to severe weather events 
that involve 20 or more automatic outages. Outage and restoration processes for transmission elements are 
analyzed, not the disruption and restoration of distribution customer load. Restoration of the transmission 
system to serve customer load is always the priority. 
 
The analysis of the 2025 transmission outages identified 13 large transmission events, 12 of which were 
caused by weather and one non-weather event (Wyoming System Event) and quantified the resilience and 
restoration statistics for them. The resilience statistics enable the measurement and tracking of some 
abilities of the transmission system to withstand, adapt, protect against, and recover during and after major 
weather events.20  
 
This section provides a detailed description of the December 17 Atmospheric River Event as the largest 
outage event on the transmission system in 2025. Multiyear statistics by associated weather type and 
changes in the severity and duration of these events as measured by the number of transmission outages 
reported for each cause are compared for two five-year periods: 2020–2024 and 2021–2025. 
 

TADS Outage Grouping and 2025 Large Weather Events 
The outage grouping algorithm21 considers automatic outages reported in TADS based on Interconnection 
and associated start and end times. The resulting transmission outage events are determined to be weather-
related if at least one outage in the event is initiated or sustained by one of the following TADS cause codes: 
Weather (Excluding Lighting), Lightning, Fire, or Environmental. The procedure produces groupings of 
outages that are further reviewed and compared with the weather information from external sources to 
confirm or refine the events. The TADS data was supplemented by Velocity Suite as a source to identify utility 
company footprints, and weather sources like the National Oceanic and Atmospheric Administration (NOAA) 
and Ventusky were used to visualize the weather events. Matching the data from these sources provides a 
much clearer picture of outages within the event. This combination of automatic and manual procedures 
results in a set of transmission events that can cross boundaries of different utilities and Regional Entities to 
capture significant events caused by major weather occurrences, such as hurricanes and severe winter 
storms. 
 
In 2025, the grouping algorithm identified 13 large events; 12 of the 13 were weather-related events, in 
addition to the Wyoming System Event that started on November 13. Table 2.6 lists these events in 
chronological order and shows the severe weather/event type for each event with statistics that quantify 
the impact of the event on the transmission system.  
 
In 2025, the largest event was the December 17 Atmospheric River in the WI with 137 outages, affecting 
5,343 miles and 48,418 MVA of capacity, making it the highest-impact storm of the year on the transmission 
system (shown in blue in Table 2.6).  
 
The second largest event, as identified by the grouping algorithm, was the March 14 severe storm event, 
which saw everything from blizzards in the north to tornadoes in the south (with 124 transmission outages 
reported) and occurred in the EI (shown in red in Table 2.6). Though it was the second largest event in terms 
of the number of outages, it had the largest amount of transmission capacity affected (MVA) and the highest 
number of element-days lost of any event in 2025 with 52,678 MVA affected and 359 element-days lost.  
 

 
20 Resilience Framework, Methods, and Metrics for the Electricity Sector | IEEE Power & Energy Society Resource Center (ieee-
pes.org) 
21 Impact of Extreme Weather on North American Transmission System Outages | IEEE Conference Publication | IEEE Xplore 

https://resourcecenter.ieee-pes.org/publications/technical-reports/pes_tp_tr83_itslc_102920
https://resourcecenter.ieee-pes.org/publications/technical-reports/pes_tp_tr83_itslc_102920
https://ieeexplore.ieee.org/document/9637941
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It is also worth noting that the Wyoming System Event, though not weather-related, had enough outages 
to be considered a large transmission event. This event (shown in purple in Table 2.6) had the quickest 
recovery of all large transmission events in 2025, with a time to 95% element restoration of just 0.1 days 
and a final restoration duration of 1 day.  
 

Table 2.6: 2025 Large Transmission Outage Events 
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21-Jan 22 19 3 ERCOT Blizzard 11,714 581 .8 .6 5 5,899 

16-Feb 31 23 8 Eastern Thunderstorms 13,391 1,023 2.9 1.8 13 5,855 

25-Feb 29 24 5 Western Winter Storm 13,931 940 6.1 6. 30 5,541 

4-Mar 31 23 8 Eastern Blizzard 8,745 867 3.3 2.9 18 4,934 

14-Mar 124 104 20 Eastern 
Tornadoes, 

Blizzard 
52,678 4,510 54.2 12.3 359 27,011 

19-Mar 79 70 9 Eastern 
Tornadoes, 

Blizzard 
30,617 1,899 13.5 7.5 92 18,915 

24-Mar 28 15 13 Eastern Blizzard 9,487 507 44.5 3.7 52 4,741 

2-Apr 39 29 10 Eastern 
Thunderstorms 

Tornadoes 
15,361 1,550 58.1 9.2 96 7,424 

5-Apr 35 32 3 Eastern Thunderstorms 11,545 1,332 6.5 4.9 37 5,835 

29-Apr 51 47 4 Eastern Thunderstorms 16,352 1,056 5.5 4.4 53 8,567 

21-Jun 22 17 5 Eastern Derecho 7,948 2,098 68.7 17.7 118 6,429 

13-Nov 46 46 0 Western 
Wyoming System 

Event 
25,357 1,924 1.0 0.1 2 12,320 

17-Dec 137 129 8 Western 
Northwestern 

Atmospheric River 
48,418 5,343 36.7 6.1 235 27,190 

 

  

 
22The definition for element-days is provided in Appendix B of the NERC 2022 SOR. 

https://www.nerc.com/globalassets/programs/rapa/pa/nerc_sor_2022.pdf
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Outage, Restore, and Performance Curves 
Table 2.6 illustrates the variability in event sizes and duration. However, these statistics do not completely 
explain what happened during the events; the outage, restore, and performance curves of the events 
provide more details on how the events unfolded.23 Figure 2.5 serves as an example to describe transmission 
outages during an event. These curves track the number of elements out or the MVA transmission capacity 
impact on the vertical axis versus time on the horizontal axis.  
 

 
Figure 2.5: Example of Outage, Restore, and Performance Curves for a Large 

Transmission Outage Event 
 
The outage curve is the cumulative number of elements or cumulative equivalent MVA capacity impact at 
the time shown on the horizontal axis.  
 
The restore curve is the cumulative number of elements restored or cumulative equivalent MVA restored at 
the time shown on the horizontal axis. 
 
The performance curve is the number of elements or equivalent MVA capacity impact out simultaneously at 
the time shown on the horizontal axis. The value is equal to elements or MVA capacity restored minus the 
elements or MVA capacity (i.e., the performance curve is the restore curve minus the outage curve). The 
performance curve combines information on degradation and recovery during the event.  
 
The curves enable the calculation of several resilience metrics.24 These metrics help quantify the abilities of 
a resilient power system to effectively absorb, withstand, adapt, protect against major weather events 
(event size, outage process duration and outage rate, time to first restore, the most degraded state in the 
event, the total element-days and MVA capacity days lost), and recover from and reduce the durations and 
impacts of major weather events (i.e., event duration, time to first restore, time to substantial restoration, 
instantaneous restore rate). 
 

 
23 S. Ekisheva, I. Dobson, R. Rieder, and J. Norris, “Assessing transmission resilience during extreme weather with outage and restore 
processes,” 2022 17th International Conference on Probabilistic Methods Applied to Power Systems 
24 Resilience statistics are defined in Appendix B in the 2022 SOR. 

https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fieeexplore.ieee.org%2Fdocument%2F9810645&data=05%7C02%7CAlex.Carlson%40nerc.net%7C8e331bf31351473d21ab08decd4cf24e%7Ca2d34bfabd5b4dc39a2e098f99296771%7C0%7C0%7C639173927541133734%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=hsIq3Rgwf2z6HZx8BcSl3A69Xj9APEdGbZulLkb9HWg%3D&reserved=0
https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fieeexplore.ieee.org%2Fdocument%2F9810645&data=05%7C02%7CAlex.Carlson%40nerc.net%7C8e331bf31351473d21ab08decd4cf24e%7Ca2d34bfabd5b4dc39a2e098f99296771%7C0%7C0%7C639173927541133734%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=hsIq3Rgwf2z6HZx8BcSl3A69Xj9APEdGbZulLkb9HWg%3D&reserved=0
https://www.nerc.com/pa/RAPA/PA/Performance%20Analysis%20DL/NERC_SOR_2022.pdf
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Resilience Curves and Statistics for the WI Atmospheric River, the Largest 
Transmission Outage Event in 2025 
The atmospheric river that made landfall along the U.S. Pacific Northwest coastline on December 17, 2025, 
brought heavy snow and rain as well as high winds in the area before moving into British Columbia and the 
northern Midwestern United States. At the storm’s peak, there were about 950,000 customer outages 
across British Columbia, Washington, Oregon, Colorado, and Montana.25  
 
The atmospheric river also caused a large transmission outage event in the WI that impacted 18 
Transmission Owners. With 137 automatic outages, this event was the largest transmission event in 2025 
but less impactful than top historic hurricane events, such as the 2024 Hurricane Helene (431 outages) and 
the 2017 Hurricane Irma (352 outages). 
 
Out of the 137 automatic outages caused by extreme weather, 133 were ac circuit outages (8 momentary 
and 125 sustained), two were transformer outages (both sustained), and two were ac/dc back-to-back 
converter outages (both sustained). The total affected mileage was 5,343 ac circuit-miles, and the total 
transmission capacity affected was 48,418 MVA. The reported event duration was 36.7 days, with a single 
230 kV ac circuit outage continuing until January 22, 2026. The element- and MVA-based curves for the 
atmospheric river event are shown in Figure 2.6 and Figure 2.7, respectively. The curves are truncated at 
01/01/2026 0:00 UTC with one ac circuit outage still unrestored.  
 

 
Figure 2.6: Transmission Element Outage, Restore, and Performance Curves for 

Atmospheric River Event in the Western Interconnection, 
December 17, 2025–January 22, 2026 

 
 

 
25 Customer outage data sourced from Eagle-I. 
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Figure 2.7: Transmission Capacity (MVA-Based) Outage, Restore, and Performance 

Curves for Atmospheric River Event in the Western Interconnection,  
December 17, 2025–January 22, 2026 

 
The outage process shown in Figure 2.6 and Figure 2.7 by orange curves started as a cluster of quickly 
accumulating outages and continued for 18 hours with an average outage rate of 7.4 outages per hour (2,631 
MVA per hour). Due to multiple outages of the same ac circuit, a total of 137 outages occurred on 123 
distinct ac circuits.  
 
The restoration process shown in Figure 2.6 and Figure 2.7 by green curves started with a momentary 
restoration 28 minutes after the first outage began, with the first sustained outage restoration 50 minutes 
after the event started. As is typical for large events, the restoration process progressed rapidly;26 however, 
restoration times slowed with a larger percentage of equipment still out than usual. By applying a fitted 
curve for the restore process27 to Figure 2.6 it can be estimated that the maximum instantaneous restore 
rate of 4.3 restores per hour was reached 4 hours and 16 minutes into the event. The restoration rate was 
2.4 elements per hour at the time half of the outages were restored (about 19 hours into the event), and 
only 0.1 elements per hour at the 95% element restoration level. The maximum number of transmission 
elements simultaneously out was 80 and was observed twice: a momentary nadir occurred about 13 hours 
after the event started, followed by another 13 minutes later, which lasted 2 minutes. The maximum amount 
of transmission capacity simultaneously out (27,190 MVA), represented by the nadir of the MVA-based 
performance curve in Figure 2.7, was observed only once and more than 4 hours earlier than the element-
based nadirs. It occurred when a 500 kV ac circuit went out and ended 4 minutes later, when a different 500 
kV ac circuit was restored. When the 80 elements were out simultaneously for the element-based nadirs, 

 
26 S. Ekisheva, I. Dobson, R. Rieder, and J. Norris, “Assessing transmission resilience during extreme weather with outage and restore 
processes,” 2022 17th International Conference on Probabilistic Methods Applied to Power Systems. 
27 S. Ekisheva, D. K. Pratt, M. Kachadurian, W. G. Martin, J. Norris, and I. Dobson, “Grid Restoration after Extreme Weather Events”, 
2023 IEEE PES Innovative Smart Grid Technologies Europe (ISGT) Conference. 

https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fieeexplore.ieee.org%2Fdocument%2F9810645&data=05%7C02%7CAlex.Carlson%40nerc.net%7C8e331bf31351473d21ab08decd4cf24e%7Ca2d34bfabd5b4dc39a2e098f99296771%7C0%7C0%7C639173927541133734%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=hsIq3Rgwf2z6HZx8BcSl3A69Xj9APEdGbZulLkb9HWg%3D&reserved=0
https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fieeexplore.ieee.org%2Fdocument%2F9810645&data=05%7C02%7CAlex.Carlson%40nerc.net%7C8e331bf31351473d21ab08decd4cf24e%7Ca2d34bfabd5b4dc39a2e098f99296771%7C0%7C0%7C639173927541133734%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=hsIq3Rgwf2z6HZx8BcSl3A69Xj9APEdGbZulLkb9HWg%3D&reserved=0
https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fieeexplore.ieee.org%2Fdocument%2F10407350&data=05%7C02%7CAlex.Carlson%40nerc.net%7C8e331bf31351473d21ab08decd4cf24e%7Ca2d34bfabd5b4dc39a2e098f99296771%7C0%7C0%7C639173927541203828%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=EioOFcyimqGQ4KLQkTrFIywe9rVsrqLEe2MbLEmRZEQ%3D&reserved=0
https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fieeexplore.ieee.org%2Fdocument%2F10407350&data=05%7C02%7CAlex.Carlson%40nerc.net%7C8e331bf31351473d21ab08decd4cf24e%7Ca2d34bfabd5b4dc39a2e098f99296771%7C0%7C0%7C639173927541203828%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=EioOFcyimqGQ4KLQkTrFIywe9rVsrqLEe2MbLEmRZEQ%3D&reserved=0
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the total value of transmission capacity unavailable was about 24,000 MVA—notably lower than the MVA 
out at the MVA-based nadir. 
  
A substantial 95% restoration was reached after 147 hours (17% of the event duration). The substantial 95% 
restoration for transmission capacity (MVA) took longer, 159 hours or 18% of the event duration. The total 
loss for the event, calculated as the area between a blue performance curve and the time axis, was 235 
element-days lost (Figure 2.6) and 77,097 MVA-days lost (Figure 2.7).  
  
The longest outage was 36.6 days on a 230 kV ac circuit that sustained tower damage. A small number of 
disproportionately long outages is common in large transmission events. These very large outage durations 
are often caused by inaccessibility of a portion of the line, damaged structure or equipment or, in some 
cases, a utility postponing the restoration of a single remaining element because this element is considered 
not critical for reliability of the grid.28  
 

Transmission System Resilience Statistics by Associated Weather 
Type: 2021–2025 
 

Weather Types 
The outage grouping procedure identified 59 large transmission events in the years 2021–2025, two of which 
were not weather-related (a 2023 contamination event and a 2025 frequency event).29,30 The 57 large 
weather-related events were caused by the weather types listed in Figure 2.8. If several weather factors 
were observed together (e.g., hurricane, tornado, and wind), the dominant cause of transmission outages 
was determined to be the weather type. Multiple sources (i.e., NERC’s daily BPS awareness reports, Velocity 
Suite, NOAA, Ventusky, public media reports) were used in conjunction with cause codes to determine if a 
weather event was associated with each large transmission event.  
 

 

Figure 2.8: Weather Types of Large Transmission Events, 2021–2025 
 

 
28 S. Ekisheva, I. Dobson, R. Rieder, and J. Norris, “Assessing transmission resilience during extreme weather with outage and restore 
processes,” 2022 17th International Conference on Probabilistic Methods Applied to Power Systems. 
29 A 2023 large event in SERC with 30 outages caused by Bird Contamination; the event duration was 2.5 days. 
30 A 2025 large event in WECC with 46 outages caused by Power System Condition; the event duration was a day. 

https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fieeexplore.ieee.org%2Fdocument%2F9810645&data=05%7C02%7CAlex.Carlson%40nerc.net%7C8e331bf31351473d21ab08decd4cf24e%7Ca2d34bfabd5b4dc39a2e098f99296771%7C0%7C0%7C639173927541247184%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=od6Wc5WQBtn2L0Zb5uQYN%2BzJLzrwWHuvo9vM7%2FqF4G0%3D&reserved=0
https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fieeexplore.ieee.org%2Fdocument%2F9810645&data=05%7C02%7CAlex.Carlson%40nerc.net%7C8e331bf31351473d21ab08decd4cf24e%7Ca2d34bfabd5b4dc39a2e098f99296771%7C0%7C0%7C639173927541247184%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=od6Wc5WQBtn2L0Zb5uQYN%2BzJLzrwWHuvo9vM7%2FqF4G0%3D&reserved=0
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Figure 2.9 shows selected resilience statistics for the 2021–2025 events by weather type. Hurricanes caused 
the largest transmission events, with the average one having 123 outages, while other groups had average 
outage counts that ranged from 43–64 outages. The maximum number of elements simultaneously out (the 
most degraded state in an event as indicated by the nadir of the performance curve) fell between 51–67% of 
the event size on average. 

  
Figure 2.9: Resilience Statistics for 2021–2025 Large Weather-Related Events 

 
Figure 2.10 compares the average event duration with the average substantial restoration duration (the 
time to restore 95% of outages and 95% of MVA capacity) and shows the time to first restore.  

Hurricanes were the highest in average event duration, second for 95% outage restoration duration, and 
lowest for 95% MVA restoration duration. Tornadoes were the second highest in event duration with the 
highest average 95% restoration duration for both outages and MVA capacity. While some value can be 
extracted from evaluating the average event duration, the time to 95% restoration is typically more 
indicative of overall performance.31 

 
31 How Long is a Resilience Event in a Transmission System?: Metrics and Models Driven by Utility Data | IEEE Journals & Magazine 

| IEEE Xplore 

https://ieeexplore.ieee.org/document/10172322
https://ieeexplore.ieee.org/document/10172322
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Figure 2.10: Average Event Duration vs. Average Sustained Restoration Duration 

 

Changes in Resilience Statistics: 2021–2025 Events vs. 2020–2024 Events 
To draw conclusions about improving, stable, or declining transmission resilience against weather, the 
analysis focuses on capturing changes in the several metrics that quantify resilience over years. The 
resilience statistics are calculated for large weather-related events for the years 2020–2024 and 2021–2025, 
and changes in the metrics by weather types were analyzed. The five-year period is selected due to the small 
annual number of events in some groups. 
 
The bubble chart in Figure 2.11 shows the groups of large weather-related transmission events by weather 
type; the five patterned bubbles correspond to the groups for combined 2020–2024 data, and the five solid-
colored bubbles show the same groups for combined 2021–2025 data. The size of a bubble represents the 
average time (in days) to restore 95% of outages for the events in this group (displayed in the center of each 
bubble). The X-axis of a bubble shows the number of events, and the Y-axis shows the average event size. 
The bubble color indicates the average MVA-day loss for each group: Below 30,000 MVA-days is shown in 
blue, between 30,000 and 100,000 MVA-days is shown in yellow, and above 100,000 MVA-days is shown in 
red. 
 
Change in size or position of a bubble for the same weather type in Figure 2.11 indicates changes in the 
impact of that weather resulting from a combination of the weather frequency and severity and improved 
or declined resilience performance. There was a decrease in the number of events in all categories except 
for winter weather as reflected by the bubble position change along the X-axis in Figure 2.11.  
 
Comparing 2020–2024 vs. 2021–2025, the number of Hurricane; Tornado; and Thunderstorm, Wind events 
decreased while Winter Weather increased. No weather type changed category for MVA-days lost as 
reflected by the color of the bubbles (shaded for previous range and solid for new). A comparison of the 
values for the average number of days to 95% element restoration between the year ranges indicates that 
the average increased by about one day. Tornado is an exception, which increased by 4.2 days because of 
some smaller tornadoes dropping out of the year range. Most categories had a similar average event size, 
except for Hurricanes. This decrease was because 2020, which is outside the most recent five-year window, 
had record-setting hurricanes and no hurricanes made landfall in 2025.  
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Figure 2.11: Statistics for Large Transmission Events by Weather Type for 2020–2024 

vs. 2021–2025 
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Resource Adequacy 
 

Highlights 

• In comparison to five years prior, 2025 saw tightening reserve margins across most notably 
Manitoba, New England and PJM with MISO, SaskPower and especially ERCOT seeing improvements 
in the level of anticipated reserve margins heading into last year’s peak season. 

• In 2025, anticipated resources exceeded Reference Margin Levels (RML) across all assessment areas. 

• Improved performance of the thermal generation fleet and delivery of natural gas supplies to 
generators during arctic events of Winter 2024–2025 compared to prior extreme cold events. 

• As of the 2025 LTRA, solar photovoltaic (PV) is no longer the sole, predominant generation type 
planned over the next 10 years as new battery resource projects have grown to match solar 
projections. 

 

2025 Planning Reserve Margins 
Planning Reserve Margins are a long-term resource adequacy indicator. Anticipated Reserve Margin (ARM) 
expresses the level of additional resource capacity that an area has above its peak summer (June–
September) and winter (December–February) seasonal demand. It is calculated as the difference in 
anticipated resources and net internal demand divided by net internal demand and shown as a percentage. 
Each assessment area’s ARM is compared against its RML—the threshold margin established by the state, 
provincial authority, Independent System Operator/Regional Transmission Organization (ISO/RTO), or other 
regulatory body to provide the level of resources needed to meet reliability criteria (e.g., maintain loss-of-
load expectation below 1-day-in-10 years).  
 
Figure 3.1 shows the ARM percent difference from the area-specific RML as calculated using data from the 
2021 and 2025 seasonal assessments for each area’s peak season. In 2025, all assessment areas except for 
NPCC-Maritimes had ARMs in excess of the area RML. Assessment areas with improved reserve margins 
relative to 2021 include MISO, SaskPower, New York, Québec, the eastern and southeastern SERC regions, 
British Columbia, and—most notably—ERCOT. A realignment of the WECC United States assessment areas 
in 2025 precludes comparison with 2021 values.32 
 
The notable improvement in ERCOT is attributable to a 29% (7,010 MW) increase in solar capacity, 
continuing a trend of robust solar penetration, and a 94% (7,414 MW) increase in energy storage installed 
capacity. The large increase in available capacity reflects (1) new rules for managing state of charge (SoC), 
including a requirement to maintain a certain SoC to participate in ancillary services, (2) installation of 
systems with longer durations, and (3) improvements in battery operational practices. 

The five-year comparisons also reveal tighter reserve margins across Manitoba, Ontario, SPP, Florida, and 
SERC-Central relative to 2021. In addition to having the most precipitous drops in reserve levels relative to 
2021, NPCC-Maritimes, NPCC-New England, and PJM, where generator retirements and significant load 
growth continue to present challenges, also display discernible year-over-year trends of tightening reserve 
levels across the 2021–2025 period.  

 

 
32 2025 Western Assessment, 2025–2026 Winter Reliability Assessment Western Overview 

https://feature.wecc.org/2025wara/index.html
https://feature.wecc.org/seasonal-assessment-western-overview/index.html
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Figure 3.1: 2021 and 2025 Peak Season Planning Reserve Margins Less Reference 

Margin Levels33  
 
 

Energy Emergency Alerts (EEA)34 
The purpose of an EEA is to provide a real-time indication of potential and actual energy emergencies within 
an Interconnection. An EEA 3 is reported when firm load interruption is imminent or in progress. EEA trends 
may provide an indication of BPS capacity, energy, and transmission insufficiency.  
 
Figure 3.2 shows that 10 EEA 3s were declared in 2025, a reduction of 11 EEA 3 declarations over 2024. None 
of the EEA 3 declarations in 2025 included load shed, versus 0.108 GWh of firm load shed in 2024. 

 
Figure 3.2: EEA 3 by Year and Interconnection 

 
33 M-1, Reserve Margin displayed as the difference between ARM and area’s RML. 
34 M-11, Energy Emergency Alerts 

https://www.nerc.com/globalassets/who-we-are/standing-committees/rstc/pas/m-1_reserve_margin.pdf
https://www.nerc.com/pa/RAPA/ri/Pages/EEA2andEEA3.aspx
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All 10 of the EEA declarations in 2025 were associated with periods of reduced generation or import 
capability combined with heavy load days. Seven EEA 3s were associated with two non-U.S. entities, both of 
which have weak connections to their neighbors. Of these seven, six are associated with a balancing area 
that has processes requiring the declaration of an EEA 3 prior to requesting assistance from neighbors. Table 
3.1 shows the number of hours when operator-initiated firm load shed was deployed during each of the past 
five years. 
 

Table 3.1: Hours with Operator-Initiated Firm Load Shed (Hours/Year) 

Year Event Event Hours Total Annual Hours 

2021 Winter Storm Uri 70.5 70.5 

2022 
June Heatwave 21.0 

56.5 
Winter Storm Elliot 35.5 

2023 N/A 0.0 0.0 

2024 
WI: Generator Trip, Subsequent Failure 

of Dispatched Units 
0.43 0.43 

2025 N/A 0.0 0.0 

 

2025 Seasonal Energy and Capacity Risk Analysis 
The ERO assesses the risk of electricity supply shortfall in seasonal reliability assessments by considering 
Planning Reserve Margins, seasonal risk scenarios, and probability-based risk assessments. The expected 
impact of generator outages and extreme operating conditions on electricity supply and demand are also 
considered in NERC’s seasonal reliability assessments. NERC evaluates the availability of supplies to meet 
normal seasonal peak demand as well as higher demand that may occur only once per decade, referred to 
as an extreme or 90/10 demand scenario. In the case of Texas RE-ERCOT and WECC CA/MX in the summer, 
the highest risk hour period is analyzed. The highest risk hour typically occurs after the peak demand hour 
when the sun has set, and solar PV resources are not contributing. Increased demand, which can be caused 
by extreme temperatures, higher-than-anticipated generator forced outages, and derates, can create 
conditions that lead system operators to take emergency operating actions. The maps in Figure 3.3 and 
Figure 3.4 highlight the assessment areas that NERC identified ahead of the Winter 2024–202535 and 
Summer 202536 seasons as at risk for resource deficiencies.  
 

 
35 NERC 2024-2025 Winter Reliability Assessment 
36 NERC 2025 Summer Reliability Assessment 

https://www.nerc.com/globalassets/programs/rapa/ra/nerc_wra_2024.pdf
https://www.nerc.com/globalassets/programs/rapa/ra/nerc_sra_2025.pdf
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Figure 3.3: 2024–2025 Winter Reliability Assessment Risk Area Map 

 

 
Figure 3.4: 2025 Summer Reliability Assessment Risk Area Map 

 

Review of 2025 Capacity and Energy Performance 
Periods of extreme temperatures in the summer and winter of 2025 challenged grid operators to maintain 
sufficient electricity supplies for demand in many parts of North America. Electricity demand is closely linked 
to temperature as electric load for space and equipment cooling varies with temperature. Seasonal weather 
extremes also affect electricity supply because generators of all types have weather-related limitations in 
some form. Table 3.2 and Table 3.3 provide demand and resource performance information for the peak 
demand hour of the summer and winter seasons in each assessment area. The tables include observed peak 
demand and resource output along with expected values from risk scenarios used in NERC’s summer and 
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winter reliability assessments. Most assessment areas experienced peak demand that exceeded their 
normal 50/50 demand forecasts, and several areas exceeded their 90/10 (extreme) demand forecasts. As 
discussed below, winter arctic air events and summer heat domes contributed to generally high peak 
demand in North America. 
 

Winter Operating Conditions  
Meteorological winter (December 2024–February 2025) temperatures averaged 34.1 degrees Fahrenheit 
across the contiguous United States, 1.9 degrees above average, placing it in the warmest third of winters 
tracked by the National Oceanic and Atmospheric Administration. Total winter precipitation in the United 
States was nearly an inch below average, putting it in the driest third of recorded winters.37 Canada 
experienced its fifth-warmest winter on record, with temperatures averaging 3.7 degrees Celsius above 
average.38 Although the 2024–2025 Winter was warmer than average overall, a series of arctic events in 
January 2025 produced an extended deep freeze and harsh winter conditions over much of North America. 
As in past extreme winter storms, electricity demand surged while generator outages rose from freezing 
equipment and fuel supply issues. Nevertheless, during the January 2025 arctic events, operators did not 
require the use of manual load shedding and were able to maintain system balance using conservative 
operations, resource advisories, and other operational mitigations without resorting to EEA 3s.39 A report of 
system performance prepared by the Federal Energy Regulatory Commission (FERC), NERC, and the NERC 
Regional Entities found that generators performed better during the January 2025 arctic events than in prior 
winter storms and attributed some improvements to additional generator commitments, improved 
preparedness, increased situational awareness, and the implementation of lessons learned from previous 
extreme cold weather events and prior report recommendations.40 During the Winter 2024–2025 period, 
the highest amount of capacity in a forced outage state for all reasons occurred on January 20, 2025, with 
68,519 MW across all regions. The natural gas system also performed better overall, delivering record levels 
of natural gas and experiencing only minor production declines and short-duration force majeure events.  
 
A comparison of projected and actual Winter 2024–2025 peak/risk hour is provided in Table 3.2. 
  

 
37 Despite Arctic air outbreaks, U.S. had warm, dry winter on average | National Oceanic and Atmospheric Administration 
38 Climate Trends and Variations Bulletin – Winter 2024/2025 - Canada.ca 
39 See NERC’s 2025–2026 Winter Reliability Assessment for capacity and energy performance and operating narratives for each 
Interconnection (p. 51–52).   
40 January 2025 Arctic Events | A System Performance Review by FERC, NERC, and its Regional Entities, April 2025 

https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.noaa.gov%2Fnews%2Fdespite-arctic-air-outbreaks-us-had-warm-dry-winter-on-average&data=05%7C02%7CRobert.Tallman%40nerc.net%7C447b5ad661f94d42f34408dec7c6e909%7Ca2d34bfabd5b4dc39a2e098f99296771%7C0%7C0%7C639167854295852658%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=kGPmVZBLGumuvQxkG%2FzURH%2FqDIFM0aJMStw58I%2FH7N0%3D&reserved=0
https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.canada.ca%2Fen%2Fenvironment-climate-change%2Fservices%2Fclimate-change%2Fscience-research-data%2Fclimate-trends-variability%2Ftrends-variations%2Fwinter-2025-bulletin.html&data=05%7C02%7CRobert.Tallman%40nerc.net%7C447b5ad661f94d42f34408dec7c6e909%7Ca2d34bfabd5b4dc39a2e098f99296771%7C0%7C0%7C639167854295917369%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=LAgNRr%2FMi5YRw7w0VeV0oARL1usyRyotUSlMgSmAHNI%3D&reserved=0
https://www.nerc.com/globalassets/our-work/assessments/nerc_wra_2025.pdf
https://www.ferc.gov/media/report-january-2025-arctic-events-system-performance-review-ferc-nerc-and-its-regional
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Table 3.2: 2024–2025 Winter Demand and Generation Summary at Peak Demand 
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Date Time MW 

MISO Jan. 21 18:00 108,888* 101,655 -977 18,468 0 17,010 
96,134 

16,761 519 
100,395 

MRO-
Manitoba 

Hydro 
Jan. 20 8:00 5,132 5,292 -277 142 N/A 146 

4,814 
52 0 

5,060 

MRO-
SaskPower 

Dec. 18 18:00 3,785 3,641 -231 664 0 0 
3,802 

368 3 
3,897 

MRO-SPP Feb. 20 8:00 47,981 40,898 -1,424 4,886 255 9,272 
45,926 

4,783 36 
47,054 

NPCC-
Maritimes 

Jan. 22 7:00 5,810 4,266 -1,174 368 3 * 
5,907 

261 5 
6,498 

NPCC-New 
England 

Jan. 21 18:00 19,607 17,686 -1,896 285 4 624 
20,308 

329 23 
21,814 

NPCC-New 
York 

Jan. 22 19:00 23,521 18,932 -4,589 654 0 4,835 
22,998 

728 0 
24,023 

NPCC-Ontario Jan. 22 18:00 21,940 24,250 2,990 3,693 0 * 
20,951 

1,914 0 
22,179 

NPCC-Québec Jan. 22 8:00 37,178 39,514 -766 1,463 0 * 
36,061 

1,449 0 
39,545 

PJM Jan. 22 9:00 144,420 152,142 7,731 3,704 3,076 8,663 
130,712 

3,620 1 
144,939 

SERC-C Jan. 22 8:00 47,815 40,898 -6,921 563 214 1,538 
41,397 

176 455 
47,062 

SERC-E Jan. 23 8:00 47,130 41,810 -5,323 0 145 1,830 
44,023 

0 2,526 
47,662 

SERC-FP Jan. 25 8:00 43,974 41,702 -557 0 362 2,824 
45,714 0 1,684 

54,239   

SERC-SE Jan. 22 8:00 46,490 48,227 1,741 0 592 2,210 
43,670 

0 3,861 
45,116 

TRE-ERCOT Feb. 20 8:00 80,560 79,960 -191 9,397 1,586 5,742 
731,935 

15,697 15 
904,055 

WECC-AB Dec. 18 17:00 12,241 12,711 -470 3,175 4 * 
12,280 

1,867 0 
12,635 
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Table 3.2: 2024–2025 Winter Demand and Generation Summary at Peak Demand 
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Date Time MW 

WECC-BC Feb. 3 18:00 11,359 11,415 44 70 0 839 
11,996 

279 0 
12,749 

WECC-CA/MX Dec. 12 15:00 35,555 31,925 -4,669 4,021 11,547 1,627 
35,359 

569 0 
36,823 

WECC-NW Feb. 12 8:00 54,278 48,437 -920 2,607 1,494 3,281 
58,001 

7,876 2,198 
62,230 

WECC-SW Feb. 13 16:00 22,969 25,087 2,117 2,741 1,599 1,496 
16,177 

1,065 182 
17,777 

 

Highlighting Notes: 

Actual peak demand in the highlighted areas met or exceeded extreme scenario levels 

Actual wind output in highlighted areas was significantly below seasonal forecast 

Actual solar output in highlighted areas was significantly below seasonal forecast. 

Actual forced outages above or below forecast by factor of two. 

Table Notes: 
1 Actual demand, wind, and solar values for the hour of peak demand in U.S. areas were obtained from EIA From 930 data. For 
areas in Canada, this data was provided to NERC by system operators and utilities. 
2 See NERC 2024–2025 WRA demand scenarios for each assessment area. Values are the normal winter peak demand forecast and 
an extreme peak demand forecast that represents a 90/10, or once-per-decade, peak demand. Some areas use other basis for 
extreme peak demand. 
3 Expected values of wind and solar resources from the 2024–2025 WRA for the projected peak hour; actual peak hour can impact 
solar contribution  
4 Values from NERC GADS for the 2024–2025 winter hour of peak demand in each assessment area. Highlighted areas had actual 
forced outages that were more than twice the value for typical forced outage rates used in the 2024–2025 winter risk period 
scenarios in the 2024–2025 WRA. 
5 Texas RE-ERCOT peak demand scenarios are obtained by adding expected demand response (5.4 GW for winter 2024-2025) to 
the demand  
 scenarios found on p. 29 of the 2024–2025 WRA. 
*Canadian assessment areas report to GADS on a voluntary basis, which can contribute to the absence of some values in certain 
assessment areas. 
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Summer Operating Conditions 
The summer of 2025 was the 12th-hottest on record for the contiguous United States41 during the 
meteorological summer period (June–August) and the 11th-warmest summer in Canada.42 Actual peak 
demand exceeded normal demand forecasts across most assessment areas and exceeded extreme demand 
projections from the 2025 SRA in three assessment areas. A summer heat wave developed in early June for 
most of the eastern half of the continent, triggering system operators to issue resource advisories and other 
operating mitigations. The east experienced only brief periods of relief from high temperatures through the 
end of July. Twenty energy emergency alerts were declared during the June and July heat events, but 
operators were able to manage high loading without resorting to load shedding.43  
 
Summer conditions were generally less severe in other parts of the North American BPS. Peak demand in 
the Western Interconnection was 168,206 MW, slightly below Summer 2024. Western Canada experienced 
a heat wave from late August and through early September, exacerbating the ongoing drought in western 
Canada and triggering some energy shortfall events that were managed without shedding load. Wildfire 
activity also increased due to heat and dry conditions. The western United States overall navigated last 
summer with the BPS experiencing relatively few emergency events. Demand in WECC U.S. assessment areas 
never reached or exceeded the projections for extreme demand from the 2025 SRA. Texas experienced a 
relatively mild summer in 2025, yet, due to significant load growth, the Summer 2025 load levels were 
comparable to the far hotter 2023 summer load levels.44 
 
A comparison of projected and actual Summer 2025 peak/risk hour is provided in Table 3.3. 

Table 3.3: 2025 Summer Demand and Generation Summary at Peak Demand 

Assessment 
Area 

Actual Peak Demand1  
SRA Peak 
Demand 

Scenarios2 
(GW) 

Wind 
Actual1 
(MW) 

Wind 
Expected3 

(MW) 

Solar 
Actual1 
(MW) 

Solar 
Expected3 

(MW) 

Forced 
Outages 

Summary4 
(MW) 

Date Time GW 

MISO Jul. 29 17:00 121.6 
116.3 

1,105 6,039 12,323 9,123 8,779 
121.6 

MRO-Manitoba 
Hydro 

Aug. 
29 

17:00 3.5 
3.4 

0 48 0 0 252 
3.6 

MRO-
SaskPower 

Sep. 7 17:30 3.6 
3.6 

232 310 26 9 0 
3.8 

MRO-SPP Jul. 29 16:00 54.5 
54.8 

8,130 5,556 810 492 4,370 
57.5 

NPCC-
Maritimes 

Aug. 
11 

17:00 3.6 
3.3 

151 314 69 0 33 
3.5 

NPCC-New 
England 

Jun. 
24 

19:00 26.6 
24.7 

566 142 180 1,412 1,963 
26.4 

NPCC-New York 
Jun. 
24 

19:00 32 
30.0 

1,256 446 164 243 1,372 
31.7 

NPCC-Ontario 
Jun. 
24 

19:00 24.9 
21.0 

607 742 39 66 1,532 
24.5 

NPCC-Québec 
Aug. 
11 

18:00 22.7 
22.3 

790 885 0 0 5,029 
23.3 

PJM 
Jun. 
23 

18:00 160.7 
146.2 

4,515 1,855 7,730 6,244 15,945 
158.7 

 
41 Assessing the U.S. Temperature and Precipitation Analysis in August 2025 | News | National Centers for Environmental 
Information (NCEI) 
42 Rapid Extreme Weather Attribution system: Top heat events of summer 2025 – ClimateData.ca 
43 See NERC Bulk Power Systems Awareness update to the Reliability and Security Technical Committee on September 10, 2025.  
44 See NERC’s 2026 Summer Reliability Assessment for capacity and energy performance and operating narratives for each 
Interconnection (p. 52–56). 

https://www.ncei.noaa.gov/news/national-climate-202508
https://www.ncei.noaa.gov/news/national-climate-202508
https://climatedata.ca/news/rapid-extreme-weather-attribution-system-top-heat-events-of-summer-2025/
https://www.nerc.com/globalassets/who-we-are/standing-committees/rstc/rstc_presentations_sept112025.pdf
https://www.nerc.com/our-work/assessments
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Table 3.3: 2025 Summer Demand and Generation Summary at Peak Demand 

Assessment 
Area 

Actual Peak Demand1  
SRA Peak 
Demand 

Scenarios2 
(GW) 

Wind 
Actual1 
(MW) 

Wind 
Expected3 

(MW) 

Solar 
Actual1 
(MW) 

Solar 
Expected3 

(MW) 

Forced 
Outages 

Summary4 
(MW) 

Date Time GW 

SERC-C Jul. 28 18:00 43.2 
41.9 

84 370 714 1,053 701 
45.7 

SERC-E 
Jun. 
24 

17:00 44.8 
42.5 

0 0 3,200 5,022 2,407 
45.7 

SERC-FP Jul, 28 17:00 54.6 
49.8 

0 0 8,035 5,749 1,599 
50.8 

SERC-SE Jul. 28 16:00 46.4 
45.7 

0 0 3,366 7,728 1,380 
55.9 

TRE-ERCOT Aug. 8 18:00 83.7 
81.9 

14,509 9,396 16,961 22,962 11,095 
88.1 

WECC-AB 
Aug. 
27 

0:00 
UTC 

12.0 
12.2 

2,870 796 32 1,480 N/A 
12.7 

WECC-BC 
Aug. 
13 

01:00 
UTC 

9.8 
9.3 

293 149 4.8 0 N/A 
10.0 

WECC-CA 
Aug. 
22 

02:00 
UTC 

54 
54.1 

1,744 1,207 5,064 14,756 1,063 
64.3 

WECC-MX Aug. 7 
0:00 
UTC 

3.5 
3.8 

2.5 50 296 227 N/A 
4.1 

WECC-NW 
Aug. 
13 

01:00 
UTC 

29.8 
29.1 

1,054 3,107 1,398 666 1,825 
32.7 

WECC-RM Jul. 9 
00:00 
UTC 

13.4 
13.8 

2,313 1,359 1,571 1,669 1,954 
15.0 

WECC-Basin Jul. 9 
01:00 
UTC 

13.8 
13.6 

931 911 2,660 2,231 0 
15.0 

WECC-SW Aug. 8 
01:00 
UTC 

36.9 
35.1 

1,230 1,091 4,472 4,293 2,323 
39.0 

 

Highlighting Notes 

Actual peak demand in the highlighted areas met or exceeded extreme scenario levels. 

Actual wind output in highlighted areas was significantly below seasonal forecast. 

Actual solar output in highlighted areas was significantly below seasonal forecast. 

Actual forced outages above or below forecast by factor of two. 

Table Notes: 
1 Actual demand, wind, and solar values for the hour of peak demand in U.S. areas were obtained from the assessment areas.  
2 See NERC 2025 SRA demand scenarios for each assessment area (pp. 14–33). Values represent the normal summer peak demand 
forecast and an extreme peak demand forecast that represents a 90/10, or once-per-decade, peak demand. Some areas use other 
basis for extreme peak demand.  
3 Expected values of wind and solar resources from the 2025 SRA for the projected peak hour, actual peak hour can impact solar 
contribution4 Values from NERC GADS for the 2025 summer hour of peak demand in each assessment area. Highlighted areas had 
actual forced outages that were more than twice the value for typical forced outage rates used in the 2024 summer risk period 
scenarios in the 2025 SRA. 
*Values include both maintenance and forced outages. 
**Canadian assessment areas report to GADS on a voluntary basis, which can contribute to the absence of some values in certain 
assessment areas. 
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Changes in the Peak Resource Mix Over the Past 10 Years 
The generation resource mix is changing as older nuclear and fossil-fired generators retire and natural-gas-
fired generators and wind and solar PV resources are built (Table 3.4). Over the past 10 years, the BPS has 
reduced its on-peak45 capacity of coal-fired generation by almost 118 GW and reduced its capacity of nuclear 
generation by 6.6 GW. During this time, the BPS added on-peak generation capacity: 57.6 GW of natural gas, 
20.5 GW of wind, and 65 GW of solar PV.46 Table 3.4 shows the resource contribution to meeting the 
seasonal peaks for years 2015 and 2025. The lower solar contribution to meeting the Winter 2025 peak is 
offset by increased gas generation and lower peak demand. 

 

Table 3.4: Generation Resource Capacity by Fuel Type 

Generation Fuel 
Type 

Summer Winter 

2015 On-Peak 2025 On-Peak 2015 On-Peak 2025 On-Peak 

GW Percent GW Percent GW Percent GW Percent 

Coal 289.2 28.0% 172.1 15.8% 286.6 27.4% 172.7 16.2% 

Natural Gas 418.1 40.5% 489.0 44.9% 437.2 41.8% 512.9 48.2% 

Hydro 128.9 12.5% 135.3 12.4% 128.9 12.3% 137.9 13.0% 

Nuclear 112.2 10.9% 105.4 9.7% 112.2 10.7% 107.1 10.1% 

Oil 48.1 4.7% 28.2 2.6% 51.2 4.9% 30.2 2.8% 

Wind 13.0 1.3% 37.4 3.4% 13.6 1.3% 44.0 4.1% 

Solar PV 3.9 0.4% 77.8 7.1% 0.6 0.1% 13.5 1.3% 

Other 19.8 1.9% 44.2 4.1% 16.8 1.6% 45.3 4.3% 

Total: 1,033.3 100.0% 1,089.4 100.0% 1,047.0 100.0% 1,063.7 100.0% 

 
The resource mix and the pace at which it is changing varies considerably across different parts of the North 
American BPS. Figure 3.5 provides an Interconnection-level view of the generation resource mix since 2015. 

 
45 Individual assessment areas may peak in either the Winter or Summer season and thus on-peak in this context is the sum of the 
individual areas’ non-coincident seasonal peak. 
46 Data obtained from NERC long-term reliability assessments 

https://www.nerc.com/our-work/assessments
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Figure 3.5: 2015 and 2025 Capacity Resource Mix by Interconnection 

 
The growth of battery energy storage systems (BESS) arrived at an inflection point in 2025. Figure 3.6 below 
shows the recent growth in both nameplate and on-peak capacity for battery storage across all 
Interconnections. NERC’s LTRA reports on both the current generation resource mix and projections for the 
next 10 years for each of the 20 assessment areas within the four Interconnections that encompass the 
North American BPS. As the 2025 LTRA47 notes, the shift toward a more variable resource mix continues. 
One key insight from the 2025 LTRA is that solar PV is no longer the sole, predominant generation type 
planned over the next 10 years. New battery resource projects have grown to match solar projections, and, 
together, solar and battery capacity additions represent two-thirds of the Tier 1 and Tier 2 resources over 
the 10-year LTRA study period.  
 

 
47 Long-Term Reliability Assessment, 2025 

https://www.nerc.com/globalassets/our-work/assessments/nerc_ltra_2025.pdf
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Figure 3.6: 2022–2025 Battery and Hybrid Capacity by Interconnection48 

Critical Infrastructure Interdependencies 
The natural gas and electric systems are constituent parts of an interconnected energy delivery system in 
North America. While natural-gas-fired generation is important in all seasons, it is especially vital to meet 
electricity demand in winter when solar and battery resources have less capability than in other seasons. 
Natural gas-fired generators can be exposed to risk of fuel supply curtailments in winter for a variety of 
reasons. One mitigation strategy used by generators in some areas is to have dual-fuel capability and 
maintain supplies of backup fuels. Single-fueled generators currently make up a large portion of the winter 
peak generating capacity in many parts of the BPS (Figure 3.7). These generators are at risk of outages or 
derates when fuel supplies are limited.  

48 Includes hybrid generation 
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Figure 3.7: Single-Fuel Natural-Gas-Fired Generation Capacity Contribution to the 

Winter Generation Mix in 202549  
 

January 2025 Gas-Electric System Performance 
The arctic events in January 2025 presented challenging conditions for the natural gas and electric systems, 
requiring close coordination between operators. A review of BPS and natural gas system performance 
following the January winter storms found notable improvement in the delivery of natural gas to BPS 
generators since winter storms Elliott and Uri with overall less natural gas production decline during cold 
weather and fewer natural gas infrastructure force majeures.50 BPS generator outages climbed during the 
extreme cold due to equipment freezing issues and some gas supply issues.51 The January 2025 arctic events 
demonstrated again how closely linked the reliability of the BPS is to natural gas supplies and infrastructure. 
Because natural gas infrastructure freeze protection mitigations are voluntary for the natural gas industry in 
most of North America, protections can be unevenly applied, resulting in continued supply risks during 
extreme conditions. Furthermore, timing misalignments between the natural gas and electric markets 
continue to challenge generator fuel procurement in advance of severe winter conditions that occur over 
winter holiday weekends. 
 

Call to Action 
NERC developed an Electricity-Natural Gas Strategy52 to identify, assess, and facilitate ongoing and future 
treatment of the risks that arise from the growing reliance on natural gas for electricity generation. More 
information on NERC’s response to the risks associated with gas-electric interdependence is provided on the 
NERC Reliability Initiatives53 page.  
 

Increasing Complexity of Protection and Control Systems 
Together with the progression of interconnected power generation, transmission, and distribution assets, 
the landscape of automated tools and systems has transformed. This evolution spans an array of digital 
information platforms and microprocessor-driven devices, fostering a technologically diverse environment 
wherein operators can wield unprecedented control from virtually any location at a fraction of the historical 

 
49 2025–2026 Winter Reliability Assessment 
50 See January 2025 Arctic Events | A System Performance Review, April 2025 
51 PJM January 2025 Cold Weather Operations Presentation  
52 Electricity-Natural Gas Strategy 
53 Reliability Initiatives 

https://www.nerc.com/globalassets/our-work/assessments/nerc_wra_2025.pdf
https://www.ferc.gov/media/report-january-2025-arctic-events-system-performance-review-ferc-nerc-and-its-regional
https://www.pjm.com/-/media/DotCom/committees-groups/committees/mrc/2025/20250319/20250319-item-08---1-january-2025-cold-weather-update---presentation.pdf
https://www.nerc.com/globalassets/initiatives/electric-gas-interdependence/electricity_natural_gas_strategy.pdf
https://www.nerc.com/initiatives/electricgas-interdependence
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cost. When meticulously designed and executed, these automated tools offer a means to enhance the 
reliable and secure use of the technologies and concepts in the BPS. However, the proliferation of these 
systems introduces an increasing web of rules, algorithms, and interdependencies that amplify the intricacy 
of operation. The swift decision-making capabilities of modern relays, tripping circuits, or initiating 
alternative actions within milliseconds epitomize the accelerated pace at which these systems must 
navigate intricate operational scenarios. The increasing integration of inverter-based resources (IBR) also 
expands this complexity, requiring the deployment of additional automated tools and systems. Navigating 
this expanding labyrinth demands not only vigilant maintenance, prudent asset replacement, and strategic 
upgrades but also a nuanced understanding of the dynamic interplay between diverse system components. 
As the scope and scale of these challenges continue to increase, it is imperative to cultivate agile, adaptive 
solutions. 
 

Protection System Misoperation Trends 
Figure 3.8 presents the annual misoperation rates across all Regional Entities and separately for each 
Regional Entity over the last five years. The comparison of the misoperation rate of the first four years to 
the most recent year shows a statistically significant decreasing trend for MRO. There is no statistically 
significant trend for other Regional Entities nor for the ERO as a whole. The overall count of misoperations 
in 2025 was the lowest over the past five years (Table 3.4). 
 

 
Figure 3.8: Changes and Trends in the Annual Misoperations Rate by Regional Entity54 
 

 
54 M-9, Protection System Misoperations Rate 

https://www.nerc.com/comm/PC/Performance%20Analysis%20Subcommittee%20PAS%202013/M-9_Correct_Protection_System_Operations.pdf
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Leading Causes of Misoperations 
Figure 3.9 shows the distribution of misoperation causes over the past five years. Incorrect settings and relay 
failures/malfunctions remain the most common causes of misoperations. While a relative increase in 
Unknown/Unexplainable occurred from 2024 to 2025, historically the misoperation rate for this cause code 
decreases as ongoing investigations reveal additional information and corrective action plans (CAP) remedy 
the situations causing the misoperations. There were minimal changes in the relative frequency of other 
causes from 2024 to 2025.  
 

 
Figure 3.9: Percentage of Misoperations by Cause Code (2021–2025)  

 

Table 3.5: Five-Year Protection System Operations and Misoperations 2021–2025 

Area 

Protection System Operations Misoperations 

2021 2022 2023 2024 2025 2021 2022 2023 2024 2025 

All Regional 
Entities 

17,454 17,804 17,871 19,325 18,397 1,172 1,153 1,118 1,089 1,087 

MRO 2,618 3,238 2,977 3,097 3,267 218 275 240 189 197 

NPCC 1,362 1,664 1,752 1,521 1,275 161 128 145 195 137 

RF 1,867 2,061 1,867 1,843 2,010 161 143 154 134 148 

SERC 4,617 4,775 4,954 5,701 5,058 270 252 281 245 265 

Texas RE 2,599 1,991 2,183 2,461 2,542 135 148 102 112 152 

WECC 4,391 4,075 4,138 4,702 4,245 227 207 196 214 188 
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Misoperation Impact Score  
The misoperation impact score measures the estimated impact of each misoperation on the BES, which is 
then aggregated to assess overall performance. This is done by summing weighted values for the facility 
voltage class, equipment type, cause, and category to determine the event’s impact to BES reliability.55 The 
maximum score of 1.0 implies the worst impact an event is projected to have on the BES, while a minimum 
score of 0.3034 reflects the least impact an event is projected to have on the BES.  
 
In 2025, there was a statistically significant increase in the average misoperation impact score compared to 
the prior four years for Texas RE and NERC-wide (Figure 3.10). No statistically significant change occurred 
for any other Regional Entity. Further analysis identified that the Texas RE increase was primarily driven by 
an increase in misoperations reported by new Generator Owners (GO), increasing misoperations on 345 kV 
equipment (the highest voltage in the region) and the use of the “unknown” cause code.  
 

 
Figure 3.10: Misoperation Impact Score  

 

Protection System Failures Leading to Transmission Outages  
Protection system failures may result from or be the cause of transmission circuit outages, unnecessarily 
removing equipment from service. AC circuits saw a slight decrease in the number of outages due to 
protection system failures in 2025, but this decrease was not statistically significant. Transformers saw a 
statistically significant decrease in the number of outages for 2025 (Figure 3.11). 

 
55 Misoperations Impact Score 

https://www.nerc.com/pa/RAPA/Documents/Misoperations_Impact_Score.pdf
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Figure 3.11: Failed Protection System Equipment Outages56 

 

Event-Related Misoperations57   
An analysis of events meeting published criteria58 reported through the ERO Event Analysis Process (EAP) 
found that there were 51 transmission-related events in 2025, 32 of which (63%) involved misoperations 
(Figure 3.12). In comparison, 2024 saw 60 transmission-related events, of which 34 (57%) had associated 
misoperations. While the percentage of events with misoperations increased, the overall numbers for events 
and misoperations continue to decrease. This reduction is likely attributable in part to the ERO Enterprise 
and industry stakeholder efforts to reduce protection system misoperations through initiatives such as 
various task forces, workshops, and analytical efforts. 
 
 
 

 
56 M-12, Automatic AC Transmission Outages Initiated by Failed Protection System Equipment 
57 When reviewing ERO Event Analysis misoperations data, it is important to differentiate between it and analysis of MIDAS. These 
are different datasets and processes. This results in datasets that both relate to protection system misoperations and have overlap 
but often have significantly different sources, intents, and results. 
58 ERO Event Analysis Process - Version 5.0 (Effective January 1, 2024) 

https://www.nerc.com/comm/PC/Performance%20Analysis%20Subcommittee%20PAS%202013/M-12_Automatic_AC_Transmission_Outages_Initiated_by_Failed_Protection_System_Equipment.pdf
https://www.nerc.com/globalassets/programs/event-analysis/ero-event-analysis-process-documents/ero_eap_v5.0.pdf
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Figure 3.12: Events with Misoperations  

 

Loss of Situational Awareness  
The BPS operates in a dynamic environment where physical properties are constantly changing. To ensure 
reliability, it is essential to maintain situational awareness to anticipate events and respond effectively 
before or as they occur. Various tools are employed to support situational awareness and uphold BPS 
reliability. These tools include energy management systems (EMS), transmission outage planning, load 
forecasting, forecasting for geomagnetic disturbances and weather, data sharing with neighboring entities, 
and effective communication both within organizations and with adjacent systems. 
 
Without the appropriate tools and up-to-date data, system operators may experience degraded situational 
awareness, which can affect their ability to make informed decisions about BPS reliability. Unexpected 
outages of communication systems or monitoring and control equipment, along with planned outages that 
lack proper coordination or oversight, can result in diminished visibility for operators. For system operators, 
the EMS is essential for maintaining situational awareness. 
 

Impacts from the Loss of EMS 
An EMS is a computer-based set of tools that system operators use to monitor, control, and optimize the 
performance of both the generation and transmission systems. The EMS enables operators to oversee and 
manage various factors, including frequency, the status (open or closed) of switching devices, and the real 
and reactive power flows on BES tie-lines and transmission facilities within their control area. Additionally, 
it provides oversight of critical EMS applications, such as state estimation (SE), RTCA, automatic generation 
control, and alarm management. 
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There were 36 categorized59 events associated with an EMS in 2025; there were no categorized EMS-related 
events that caused loss of generation, transmission lines, or customer load. Figure 3.13 illustrates a trend of 
the categorized EMS events by loss of EMS functions over the 2021–2025 period.  
 

 
Figure 3.13: Number of EMS-Related Events (2021–2025)  

 
In 2025, there were 25 categorized events involving a complete loss of monitoring60 or control61 capability. 
Two new themes to these events were identified: 

• Lack of effective communication between working departments 

Maintenance typically involves the collaboration of various working departments, each playing a 
vital role in ensuring the efficiency and reliability of systems. Effective communication between 
these teams is crucial, especially when they handle the same equipment or systems that are 
interdependent. Prioritizing the clear exchange of work and maintenance schedules among 
departments will significantly reduce the likelihood of overlapping tasks that could negatively affect 
the utility’s equipment and overall operations. 

To address the issues that have arisen from insufficient communication between working groups, a 
series of recommendations were developed during the analysis of the EMS events. These 
recommendations aim to foster a more cohesive approach to maintenance and ensure that all teams 
are informed and coordinated, ultimately enhancing operational safety and efficiency: 

▪ Pre-Maintenance: Planning and risk mitigation before the work starts. 

 
59 Category 1h. See Electric Reliability Organization Event Analysis Process Version 5.0 
60 The ability to accurately receive relevant information about the BPS in real time and evaluate system conditions using real-time 
data to assess existing (pre-contingency) and potential (post-contingency) operating conditions to maintain reliability of the BPS. 
61 The ability to take and/or direct actions to maintain the reliability of the BPS in real time via entity actions or by issuing operating 
instructions. 

https://www.nerc.com/pa/rrm/ea/ERO_EAP_Documents%20DL/ERO_EAP_v5.0.pdf
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o Establish Communication Channels: Set up a bridge call with all stakeholders during the 
work to enable quick communication and coordination between groups. 

o Move Active Server to Hot Standby: Move the active server to the hot standby site before 
work begins to reduce potential impact. 

o Transfer Operational Activities: Shift all operational activities to an alternate location until 
the telecom work is finished. 

o Verify Equipment Status: Perform a status check on all equipment prior to beginning any 
work. 

▪ During Maintenance: Real-time monitoring and active communication 

o Monitor Progress: Supervision should actively monitor scheduled work to ensure no 
conflicts occur between groups. 

o Ensure Real-Time Status Updates: Communicate work status continuously between shifts 
and work groups, especially when multiple groups share the same equipment. 

o Implement Immediate Escalation: If schedules cannot be met, the group performing the 
work must immediately notify supervision and other scheduled teams. 

▪ Post-Maintenance: Post-activity verification and closure 

o Ensure Final Status Handoff: Ensure the final equipment status is communicated to the next 
shift or work group before closing the bridge. 

o Verify System Reversion: Verify the system before moving traffic back to the primary 
servers. 

• Inadequate monitoring of operational support system resource usage 

Operational support systems are vital for ensuring situational awareness and facilitating real-time 
decision-making across various operations. Unfortunately, several EMS events have arisen due to 
overwhelming demands for computer resources and the depletion of disk space. A recurring issue 
revealed through these incidents is the lack of a proactive framework for managing resource 
margins. This framework is essential for maintaining operating reserves akin to those established for 
ensuring BES reliability. 

To enhance the effectiveness of infrastructure monitoring, it is important to: 

▪ Incorporate a multi-tiered system of alert thresholds,  

o Perform a thorough trend analysis and detection of rate-of-change.  

o Enable early interventions to address issues before they escalate into emergencies.  

▪ Manage temporary file lifecycles and govern system logs as they are integral components of 
reliability controls.  

o Validate mechanism for cleanup in both normal operating conditions and potential failure 
scenarios. 

o Avoid unnecessary buildup of digital artifacts that could compromise system performance 
and reliability. 

 
The loss of the categorized SE/RTCA was stable in 2025 (10 in both 2024 and 2025). External modeling was 
still the primary contributor to these events in 2025. Many entities have expanded their EMS models to 
monitor the impact of events and outages that occur beyond their own footprint. This expansion has raised 
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the risk of encountering inaccurate data points, faulty topology modeling, and communication issues that 
could lead to EMS events. Entities were encouraged to communicate changes to the BES, including the 
addition of new substations and new facilities and the removal of existing facilities, to neighboring entities 
well in advance. This proactive communication will allow neighboring entities to update their external EMS 
models promptly, ensuring that the data received through integrated communications control panel (ICCP) 
links is accurately aligned with the corresponding data points in their models. 
 
Over the five-year period (2021–2025), the average partial or full function categorized EMS outage time 
(Figure 3.14) was 78 minutes, making the calculated EMS availability 99.994% during the term. 
 

 
Figure 3.14: Average EMS Outage Time (2021–2025)  

 

Largest Contributor to Loss of EMS 
Reported EMS events can be grouped by the following attributes: 

• Software: Software defects, modeling issues, database corruption, memory issues, etc.  

• Communications: Device issues, less-than-adequate system interactions, etc. 

• Facility: Loss of power to the control center or data center, fire alarm, ac failure, etc. 

• Maintenance: System upgrades, job scoping, change management, software configuration, settings 
failure, etc. 

 
Figure 3.15 illustrates that software was the primary contributor to EMS outages during the evaluation 
period from 2021 to 2025. This was followed by communication and maintenance challenges. 
 
Figure 3.16 shows a trend in reported EMS events by the contributors of EMS function loss throughout the 
same period. In 2025, the main contributors were software and communications challenges, indicating a 
consistent overall trend from 2021 to 2025. 
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Figure 3.15: Overview of Contributors to Loss of EMS Functions (2021–2025) 

 

  
Figure 3.16: Trend of Contributors to Loss of EMS Functions (2021–2025) 

 
Bugs often cause software failures, whether in vendor applications or in-house implementations. A software 
testing process should be in place to ensure that requirements are met. For effective systems and software 
assurance, a formal testing process model should be based on the development framework used to create 
the software. The testing scope should provide an assurance case for the software’s operation under both 
known and unknown conditions and should include a data integrity check of the module. It is important to 
develop a team of dedicated and skilled in-house personnel who can troubleshoot and resolve issues. 
Providing in-house staff with real-time tools and training will enhance their knowledge and facilitate better 
knowledge transfer from software vendors.  
 
Communications failure was typically related to device issues or less-than-adequate system interactions. 
The failure indicates that data exchange was degraded between substations and control rooms or between 
the entity and its RC/neighboring entities. An example is a spanning-tree protocol implementation in a 
network switch, causing a loop that generated an exceptionally high volume of traffic. The result was to shut 
down the communication network supporting the EMS. Another example is that the entity lost remote 
terminal unit (RTU) data from major substations as the telecom company’s staff cut the fiber between the 
substations and the data center. Entities should maintain network devices on a schedule in accordance with 
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the latest vendor information, security bulletins, technical bulletins, and other recommended updates. 
Entities must also consider redesigning communications systems such that the most critical BES substations 
communicate simultaneously over entirely separate physical paths (and possibly separate vendors) to both 
control centers, eliminating the need for telecom company communication structure. 
 
An analysis of the ERO EAP data reveals that 4.8% (or 10 out of 208) of the reportable EMS events lasting 
more than 30 minutes from 2021 to 2025 were linked to issues with external communication providers. This 
indicates that external communication provider-related problems are not a significant cause of EMS 
outages. 
 

Human Causes 
As human error can adversely impact the performance of the BPS and BES equipment, it is important to 
establish and adhere to robust processes to minimize the risks. In-depth analysis often identifies that 
primary human error causal factors are a result of latent errors as well as organizational and programmatic 
weaknesses. As the 2025 ERO Reliability Risk Priorities Report62 states, “The BPS continues to evolve in 
complexity. The industry faces significant risk in staffing skilled workers due to new complexities, advanced 
technologies, the convergence of engineering and IT skillsets, and competition from other industries.” 
 

Transmission Outages  
NERC’s TADS collects transmission outage data, including on human error; human error as a cause of 
transmission outage is defined in the TADS Data Reporting Instructions.63  
 
Statistical significance testing for automatic outages compared the event frequency of 2025 to the average 
event frequency of the prior four years. Statistical significance testing for operational outages was 
performed by outage frequency because they are not grouped into events. Automatic outage events 
involving human error improved a statistically significant amount, while operational outages did not change 
a significant amount for either ac circuits (Figure 3.17) or transformers (Figure 3.18).  
  

 
62 2025 ERO Reliability Risk Priorities Report 
63 Human Error: relative human factor performance including any incorrect action traceable to employees and/or contractors of 
companies operating, maintaining, and/or assisting the Transmission Owner. 

https://www.nerc.com/globalassets/our-work/reports/ero-reliability-risk-priorities-report/2025_risc_ero_priorities_report.pdf
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Figure 3.17: Automatic AC Transmission Outage Events and Operational Outages 

Involving Human Error64 
 

 
Figure 3.18: Automatic Transformer Outage Events and Operational Outages Involving 

Human Error65 
 

Generation Outages 
NERC’s GADS collects generation availability data, including on outages associated with human error. While 
NERC continues tracking these outages, they historically represent approximately 1% of all forced outage 

 
64 M-13, Automatic AC Transmission Outage Events Involving Human Error 
65 Ibid. 

https://www.nerc.com/comm/PC/Performance%20Analysis%20Subcommittee%20PAS%202013/M-13_Automatic_AC_Transmission_Outages_Initiated_by_Human_Errors.pdf
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events. Though there was a slight increase observed in 2025, it was not significant enough of a variance to 
warrant presentation. 

Trends of Human and Organizational Root Causes66,67 
In the ERO EAP, the cause sets of individual human performance and management/organization identify 
events or conditions that caused or contributed to the reported event. In 2025, organization/human 
performance was identified as the root cause for 41 processed events (Figure 3.19). This does not fully 
project the final 2025 number, as 66% of the 2025 events have been assigned a final root cause. The top five 
human and organizational performance root causes for the 2021–2025 period are listed in order of 
frequency below. These include the individual human error category, the management and organization 
performance category, and/or the design and engineering category:  

• Design output scope less than adequate

• Job scoping did not identify special circumstances and/or conditions

• Management policy guidance or expectations are not well-defined, understood, or enforced

• Corrective action responses to a known or repetitive problem were untimely

• System interactions not considered or identified

Events from 2021 to 202568 saw the same top five human and organizational performance root cause 
identified events from 2020 to 2024.  

Figure 3.19: ERO EAP Organization/Human Performance Root Cause Identification by 
Year 

Improvement opportunities exist for industry to increase BPS reliability through increased focus in the areas 
of management and organization performance and engineering and design. Management and organization 

66 Cause Code Assignment Process (Updated January 2026) 
67 When reviewing ERO Event Analysis Human and Organization Performance data, it is important to differentiate between it and 
GADS and TADS values. These are different datasets and processes. GADS and TADS are primarily focused on wholistic equipment 
availability and often not analyzed through the same methods nor depth used for the ERO event analysis (EA) process. 
68 Only includes 2025 events that have been processed as of data pull. 

https://www.nerc.com/globalassets/programs/event-analysis/ero-event-analysis-process-documents/ccap_manual_2026.pdf
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performance includes subcategories in which methods, actions, and/or practices are less than adequate. The 
engineering and design category includes ensuring that the engineering group employs a robust peer-review 
process to identify procedural errors and all considerations a design needs to be accountable. Some ways to 
improve human and organization performance would be to establish robust internal control mechanisms to 
ensure that processes and procedures such as peer reviews are in place to assist project leaders when 
considering the potential impacts and dependencies that may exist elsewhere on the system and to 
implement causal analysis when appropriate. 
 

Protection System Misoperations 
Human performance-related misoperations remain common, representing 42% of misoperations in 2025 
and consisting of 11% As-Left Personnel Error, 4% Design Errors, 22% Incorrect Settings, and 5% Logic Errors 
(Figure 3.9). Figure 3.20 additionally shows the number of misoperations related to human error by Regional 
Entity for the past five years.  
 

 
Figure 3.20: MIDAS Protection System Misoperations Due to Human Error by Regional 

Entity 
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Grid performance is evaluated through established reliability metrics and more in-depth analysis of specific 
aspects of the BPS: 

• Reliability Metrics 

• Frequency Response Performance 

• Generation Performance and Availability 

• Transmission Performance and Unavailability 
 

Reliability Metrics 
By calculating 2025 reliability metrics69 and comparing the results to the previous years as well as the five-
year average values, the reliability metrics discussed in this report can be categorized as either Improving, 
Stable, Monitor, or Actionable. Measuring and trending the relative state of the BPS and BES in this manner 
supports NERC’s obligation to assess the capability of the BPS. Table 4.1 shows the status of the reliability 
metrics and includes a reference to the specific metric. 
 

Table 4.1: Reliability Indicators 

Metric Name Metric Performance Status 

M-1: Reserve Margin 
Monitor: NPCC-Maritimes 

(Winter) 

M-2: Transmission-Related Events Resulting in Loss of Load (Excluding 
Weather) 

Monitor70 

M-3: System Voltage Performance Retired 

M-4: Interconnection Frequency Response 

Eastern Improving 

Texas Improving 

Western Improving 

Québec Stable 

M-4.1: Inertia and Rate-of-Change-of-Frequency 

Eastern Improving 

Texas Improving 

Western Improving 

Québec Actionable71 

M-5: Activation of Under Frequency Load Shedding Retired 

M-6: Disturbance Control Standard Failures Proposed Retirement 

M-7: Disturbance Control Events Greater than Most Severe Single 
Contingency 

Proposed Retirement 

M-8: Interconnection Reliability Operating Limit (IROL) Exceedance Monitor 

M-9: Protection System Misoperations Rate Stable 

M-10: Transmission Constraint Mitigation Retired 

M-11: Energy Emergency Alerts Improving 

M-12: Automatic AC Transmission Outages Initiated 
by Failed Protection System Equipment 

AC Circuits Stable 

 
69 Current Approved Reliability Metrics; Metrics M-3, M-5, and M-10 are retired. 
70 Average lost load increased, but number of events decreased. 
71See 2025 Interconnection Frequency Response section for details. 

https://www.nerc.com/programs/reliability-assessment--performance-analysis/reliability-indicators
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Table 4.1: Reliability Indicators 

Metric Name Metric Performance Status 

Transformers Improving 

M-13 Automatic AC Transmission Events Involving 
Human Error72 

AC Circuits Improving 

Transformers Improving 

M-14: Automatic AC Transmission Outages Initiated 
by Failed AC Substation Equipment 

AC Circuits Stable 

Transformers Monitor 

M-15: Automatic AC Transmission Outages Initiated by Failed AC 
Circuit Equipment (Number of Outages per 100 miles) 

Improving 

M-16: Transmission Element Availability Percentage 
and Unavailability Percentage 

AC Circuits Stable 

Transformers Monitor 

M-17: Transmission Outage Severity Stable 

M-18: TADS Physical Security Metric Stable 

 

Frequency Response Performance 
 

2025 Interconnection Frequency Response 
2025 analysis of frequency response performance and trends below indicates an adequate level of reliability. 
Further analysis is provided in NERC’s Frequency Response Annual Analysis (FRAA).73 

• For the stabilizing period (M4 metric), the EI, WI, and Texas Interconnection (TI) showed statistically 
significant improvements from 2021 through 2025, while the QI showed no statistically significant 
changes for the stabilizing period. 

• For the arresting period (M4.1 metric), the EI, WI, and TI showed statistically significant 
improvements from 2021 through 2025, while the QI showed a statistically significant decline. It was 
noted in the 2024 SOR report that the decreasing trend in the arresting period metric for the QI was 
due to an overrepresentation of events in Summer 2023 (months that typically have lower inertia) 
compared to other years, in part due to the wildfire events in the region. A large number of events 
were also recorded in Summer 2025, which contributed to the declining trend. The QI has been 
experiencing low hydraulicity conditions since 2023. In 2025, this resulted in reduced energy exports 
and increased energy imports. Therefore, fewer hydro generating units were synchronized within 
the QI, particularly under summer light-load conditions, leading to lower system inertia during this 
period.  

• For the underfrequency load shedding (UFLS) margin metric, the EI showed a statistically significant 
decline from 2021 through 2025. Although the decline is statistically significant, the magnitude of 
the decline, while measurable, is a very small magnitude. The year-over-year reduction in the mean 
and median UFLS margin values was only .003 Hz. During the five-year period, there have been 
changes to both the interconnection frequency response obligations (IFRO) and the minimum 
frequency bias settings, which will all have an impact on the UFLS margin metric. With UFLS starting 

 
72 Metric was revised in 2025 to evaluate the number of TADS events instead of outages. The change was made because a small 
number of events had resulted in a large number of outages. By tracking the frequency of human error events, the metric now tracks 
how often human error occurs instead of how many outages each instance happens to cause.  
73 2025 FRAA Report 

https://www.nerc.com/globalassets/who-we-are/legal--regulatory/filings--orders/nerc-filings-to-ferc/2025/2025_fraa_report_clean.pdf
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at .5 Hz off of nominal, the reduction is de minimis to reliability when the remaining margin to UFLS 
is taken into account.  

• The number of valid events for the TI continues to decline. This was also noted in the 2024 SOR 
report. It was also noted in the 2024 SOR report that there was a declining trend for the number of 
events in the WI; however, the number of events measured in 2025 was back to within historical 
norms. This trend in the reduction of valid M4 events is suspected to be due to the retirement of 
large conventional generation as well as the ongoing integration of battery energy storage facilities 
in both Interconnections and is considered to be a positive indicator when considering impacts to 
Interconnection reliability. 

• In both 2024 and 2025, there were multiple outlier events in the WI. The WI outlier events were 
reviewed and were not considered to be anomalous. This was also noted in the 2024 SOR report. 
These events represent the frequency response performance of the WI when a BA with a large 
battery energy storage system (BESS) fleet experiences a large resource loss. These events are 
becoming common place in both the WI and TI. 

 
During the five-year period (Table 4.2), the WI had two events within the five-year period where the 
measured frequency response was less than the IFRO for the Interconnection. This was noted in the 2024 
SOR. Both events occurred in 2023 and had a starting frequency well above 60.00Hz and had a confirmed 
MW loss under 500 MW. These two factors combined eliminate any concerns that the WI frequency 
response is insufficient. The EI, TI, and QI did not have any events within the five-year period where the 
measured frequency response was less than the IFRO for the respective Interconnection. 
 

 
Frequency response for all Interconnections indicates stable and improving performance for the stabilizing 
period as shown in Table 4.3 below. 
 

Table 4.2: Five-Year Statistical Time Trend 

Interconnection 
M4 

Stabilizing 
Period 

M4.1 
Arresting Period 

Margin-C-UFLS Comment 

Eastern Increasing Increasing Decreasing 
No M4 events with 

FRM below IFRO 

Texas Increasing Increasing Increasing 
No M4 events with 

FRM below IFRO 

Western Increasing Increasing 
Neither Increasing 

nor Decreasing 

Two M4 events with 
FRM below IFRO in 

2023 

Québec 
Neither 

Increasing nor 
Decreasing 

Decreasing 
Neither Increasing 

nor Decreasing 
No M4 events with 

FRM below IFRO 
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During the arresting period, the goal is to arrest the frequency decline for credible contingencies before the 
activation of UFLS. The calculation for IFRO under BAL-003 is based on arresting the point C nadir before the 
first step of UFLS for resource contingencies at or above the resource loss protection criteria (RLPC)75 for the 
Interconnection. Measuring and tracking the margin between the first step UFLS setpoint and the Point C 
nadir is an important indicator of risk for each Interconnection. Figure 4.1 indicates the measurement 
periods used for analysis of the arresting period of events by looking at the frequency response between 
Value A and Point C as well as at the margin between Point C and the first step UFLS setpoint. 
 
During the stabilizing period, the goal is to stabilize system frequency following a disturbance primarily due 
to generator governor action. Figure 4.1 indicates the measurement periods used for analysis of the 
stabilizing period of events by looking at the frequency response between Value A and Value B. 
 
Frequency response for the EI, WI, and TI indicates stable and improving performance for the arresting 
period for 2025. Frequency response for the QI indicates a declining trend for the arresting period for 2025 
as shown in Table 4.4 below. 
 

Table 4.4: 2025 Frequency Response Performance Statistics for Arresting Period 
2025 Operating Year Arresting Performance 

 Number of Events 
Mean 

Frequency 
Response 

Median Min Max 

Mean 
UFLS 

Margin 

Median 
UFLS 

Margin 

Min. UFLS 
Margin 

2021 2022 2023 2024 2025 For Loss of Generation M4 
Events Only 

MW per 0.1 Hz Hz 

Eastern 29 46 47 44 37 2,104 1,980 1,036 3,400 0.452 0.451 0.439 

Texas 44 33 39 23 22 786 764 504 1,382 0.608 0.610 0.544 

Québec 42 22 65 63 63 119 123 51 196 1.078 1.149 0.649 

Western 43 30 28 15 29 979 918 755 1,506 0.416 0.425 0.334 

 

 
74 GADS Events for 2024 has been updated 
75 BAL-003-2 specifies that the RLPC be based on the two largest potential resource losses in an Interconnection or the largest 
resource loss due to an N-2 RAS. This value is updated annually through the BAL-003-2 data collection process. 

Table 4.3: 2025 Frequency Response Performance Statistics for Stabilizing Period 
2025 Operating Year Stabilizing Period Performance 

 
Number of Events 

Mean 
Frequency 
Response 

Median Minimum Maximum 
Number of events 
with FRM below 

the IFRO 

2021 2022 2023 2024 2025 MW per 0.1 Hz  

Eastern 29 46 47 44 37 2,824 2,443 1,107 6,784 0 

Texas 44 33 39 23 22 1,634 1,376 961 3,509 0 

Québec 42 22 65 6174 63 1,319 644 225 23,800 0 

Western 43 30 28 15 29 2,953 2,600 1,256 7,650 0 
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Figure 4.1: Frequency Response Methodology 

 
Figure 4.2 represents an analysis of the arresting period of frequency response events. The Y-axis shows the 
percent UFLS margin from 100% (60 Hz) to 0% (first UFLS set point for the Interconnection). The X-axis 
represents the MW loss for the event, expressed as a percentage of the RLPC for the Interconnection. There 
were no events within the five-year period larger than the RLPC for any of the Interconnections. The largest 
events for the EI and TI were 50% as measured by percentage of RLPC. The largest events for the WI and QI 
were 88% and 96%, respectively, as measured by percentage of RLPC. 
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Figure 4.2: Operating Year 2021–2025 Qualified Frequency Disturbances and 

Remaining UFLS Margin 
 

Interconnection Reliability Operating Limit Exceedances 
 

2025 Performance and Trends  
An IROL76 is an SOL that, if exceeded, could lead to system instability, uncontrolled separation, or cascading 
that may adversely impact the reliability of the BES. The maximum time that an IROL can be exceeded is the 
IROL Tv. The IROL Tv must be less than or equal to 30 minutes. Each RC has a different methodology for 
determining IROLs based on the makeup of their area and what constitutes an operating condition that is 
less than desirable.  
 
IROLs are established to ensure that corrective actions are taken to prevent and mitigate the exceedance of 
limits to either return to the Normal state or stay within the Alert state for certain conditions and 
contingencies that could otherwise cause the BPS to enter the extreme state, being at high risk of system 
instability, cascading, and uncontrolled separation.  
 
The Texas and Western Interconnections both maintained stable trends with no IROL exceedances reported 
in 2025. In the Eastern–Québec Interconnections, there were 19 exceedances that lasted more than 10 
minutes in 2025, more than the five-year rolling average of 11.8 exceedances as shown in Figure 4.3. The 
10- to 20-minute range increased from a single exceedance in 2024 to 18 exceedances in 2025, while one 
exceedance lasted more than 20 minutes. The five-year average still declined slightly as year 2020 rolled off 
with 20 total exceedances.  

 
76 M-8, IROL Exceedance 

https://www.nerc.com/comm/PC/Performance%20Analysis%20Subcommittee%20PAS%202013/M-8_IROL_Exceedance.pdf
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Figure 4.3: IROL Exceedance Counts 

Generation Performance and Availability 
GADS contains information that can be used to compute reliability measures, such as the weighted 
equivalent forced outage rate (WEFOR). GADS collects and stores unit operating information by pooling 
individual unit information, generating unit availability, performance, and calculated metrics. 

Conventional Generation WEFOR 
The horizontal lines in Figure 4.4 show the annual WEFOR compared to the monthly WEFOR columns; the 
solid horizontal bar shows the WEFOR for all years in the analysis period of 8.1%. The 2025 WEFOR rate of 
9.2% is a notable increase over 2024 (7.6%) and above recent historical norms in the 7–8% range.  
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Figure 4.4: Monthly, Annual, and Five-Year WEFOR 

 
Additional analysis identified that the increase is driven by combustion-based generators as shown in Table 
4.5; further details are provided in the 2026 SOR Overview report.  
 

Table 4.5: Primary Fuel Type Year-Over-Year Change in MWh 

Primary Fuel Type 
2024 vs 2025 Year-

Over-Year Change in 
GWh77 

2024 WEFOR 2025 WEFOR 

Gas - Steam Turbine 8,772 19.2% 22.4% 

Gas - Simple Cycle 
Combustion Turbine 

5,938 20.7% 22.8% 

Gas – Simple Cycle w/Heat 
Recovery Steam Generator 
(HRSG) 

-203 7.7% 7.0% 

Combined Cycle 19,154 4.2% 5.7% 

Coal 39,835 11.2% 14.1% 

Oil - Steam Turbine 1,857 24.6% 25.6% 

Oil - Combustion Turbine 2,427 48.2% 69.4% 

Hydro -3,171 8.4% 7.7% 

Nuclear -3,862 2.7% 2.2% 

Other -2,308 11.1% 8.4% 

Total 68,440 7.6% 9.2% 

 
77 Measured by WEFOR numerator: 
 ∑(([𝐹𝑜𝑟𝑐𝑒𝑑 𝑂𝑢𝑡𝑎𝑔𝑒 𝐻𝑜𝑢𝑟𝑠] + [𝐸𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝐹𝑜𝑟𝑐𝑒𝑑 𝐷𝑒𝑟𝑎𝑡𝑒 𝐻𝑜𝑢𝑟𝑠]) ∗ [𝑁𝑒𝑡 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦]) 
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The monthly WEFOR for major contributing fuel types is shown as a layered area chart with a relative 
capacity breakdown pie chart in Figure 4.5. The dashed line shows the monthly WEFOR of all fuel types 
reported to NERC, and the red line shows the mean outage rate of all fuel types reported to NERC over the 
five years in the analysis period. As stated above, in 2025, the annual WEFOR increased to 9.2%. Observing 
individual fuel types, coal experienced a fairly consistent increase in WEFOR throughout the year, simple 
cycle gas turbines experienced normal peak outage rates but with prolonged recovery, and combined cycle 
experienced both a baseline increase as well as two abnormal peak outage periods in early summer and 
early winter. These trends can be further contextualized by comparing the change in MWh of lost production 
due to forced unavailability from 2024 to 2025 in Table 4.5, examining each fuel’s capacity percentage 
(Figure 4.5), and annual net actual generation (Figure 4.6). 
 

 
Figure 4.5: Five-Year WEFOR by Fuel Type and 2025 Resource Mix by Net Maximum 

Capacity 
 

 
Figure 4.6: 10-Year Annual Net Actual Generation (GWh) by Fuel Type  
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Wind and Solar78 Generation Weighted Factors 
Figure 4.7–Figure 4.9 present various weighted factors for wind79 plant data collected in GADS. Because no 
exact analog to conventional generation’s WEFOR calculation exists, the data is broken down into different 
factors representing what percentage of the month the plants were in each state and presented as a stacked 
area chart representing the entire duration of the month. For the purposes of this report, the following 
calculation and data modifications have been made: 

• Resource forced outage factor has been separated into resource forced outage factor (representing
forced equipment outages) and resource unavailable outage factor (representing forced outages
due to a lack of generating resource).

• Resource reserve shutdown factor is calculated the same way as other factors, with reserve
shutdown as the numerator.

• Generation losses due to sub-optimal resource conditions are calculated by subtracting the resource
net capacity factor from the resource generating factor. The value represents the portion of the
month in which the plant was producing at less than full capacity. For example, if a wind plant has
100 MW of installed capacity but due to wind speed is only producing 60 MW and has no other
constraints, this value would be 40%.

Wind data is presented in Figure 4.7–Figure 4.9, with each figure showing a different stage of data collection: 
plants >200 MW, 100–199 MW, and 75–99 MW.  

NERC is continuing to develop unbiased, representative analysis for wind and solar analysis to best 
understand trends in the data and draw comparisons to more conventional resources. In 2025, equipment 
performances across all wind plant sizes were comparable to one another and would not be considered 
problematic compared to conventional generation, with a resource forced outage factor (RFOF) most like 
hydro generation’s WEFOR. Energy generation at plants >200 MW declined in 2025, warranting further 
investigation. 

78 During this year’s data analysis, NERC identified significant GADS solar data reporting errors and numerous missing plants 
compared to EIA 860 data. NERC will be coordinating with Regional Entity staff to perform industry outreach and resolve these errors 
in 2026. 
79 2025_GADS_Wind_DRI 

https://www.eia.gov/electricity/data/eia860/
https://www.nerc.com/pa/RAPA/gads/GADS_Wind_DRI_DL/2025_GADS_Wind_DRI.pdf


Chapter 4: Grid Performance 

 

2026 State of Reliability 
59 

 

 
Figure 4.7: Monthly Net Output Factor and Weighted Resource Forced Outage Rate 

(WRFOR) Wind Plant Reporting Group 200 MW+ 
 

 
Figure 4.8: Monthly Net Output Factor and WRFOR Wind Plant Reporting Group 100–

199 MW 
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Figure 4.9: Monthly Net Output Factor and WRFOR Wind Plant Reporting Group 75–99 

MW 
 

Transmission Performance and Unavailability 
When evaluating transmission reliability, an important concept is that transmission line outages have 
different impacts on BPS reliability. Some impacts can be very severe, such as those that affect other 
transmission lines and load loss. Additionally, some outages are longer than others, leaving the transmission 
system at risk for extended periods of time. Reliability indicators for the transmission system are measured 
by using qualified event analysis reporting not related to weather and outages reported to TADS. 
 

Transmission-Related Events Resulting in Loss of Load  
In 2025, a total of six distinct non-weather-related transmission events resulted in a loss of firm load that 
met the ERO EAP reporting criteria (Figure 4.10). The median firm load loss over the past five years was 88.0 
MW, which is a decrease from 2020–2024’s 90 MW. In 2024 the median load loss was 85.5 MW or 47.0 MW 
below the 2020–2023 median, and 2025 saw the median increase to 132.5 MW, which is 44.5 MW above 
the 2021–2024 median. 
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Figure 4.10: Transmission-Related Events Resulting in Loss of Firm Load and Median 

Amount of Firm Load Loss Excluding Weather-Related Events80 
 

TADS Reliability Indicators 
A TADS event is an unplanned transmission incident that results in the automatic outage (sustained or 
momentary) of one or more elements. TADS event information was analyzed for the following indicators in 
this section:  

•  Transmission Outage Severity 

• Automatic AC Transmission Outages  

• Transmission Element Unavailability 
 

Transmission Outage Severity 
The impact of a TADS event on BPS reliability is called the transmission outage severity (TOS) of the event, 
which is defined by the number of sustained outages in the event and by the type and voltage class of 
transmission elements involved in the event. TADS events are categorized by initiating cause codes (ICC). 
These ICCs facilitate the study of cause-effect relationships between each event’s ICC and event severity.  
 
The number of events per hour, average event duration, and average TOS for each ICC group are shown in 
Table 4.6. 
  

 
80 M-2, BPS Transmission Related Events Resulting in Loss of Load (Excluding Weather) 

https://www.nerc.com/comm/PC/Performance%20Analysis%20Subcommittee%20PAS%202013/M-2_BPS_Transmission_Related_Events_Resulting_in_Loss_of_Load.pdf
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Table 4.6: TOS vs. Expected TADS Event Duration 

TADS Event 
Events per 

Hour 

TOS Average Event 

Duration (Hours) Average Maximum 

Combined Smaller ICC Groups 0.018 0.039 0.318 34.9 

Failed AC Circuit Equipment 0.099 0.021 0.249 51.5 

Failed AC Substation Equipment 0.063 0.032 0.414 103.1 

Fire 0.017 0.071 0.652 47.2 

Foreign Interference 0.064 0.021 0.196 24.8 

Human Error 0.027 0.027 0.377 12.3 

Lightning 0.064 0.026 0.519 15.2 

Misoperation 0.038 0.040 0.732 20.2 

Other 0.013 0.026 0.327 25.2 

Power System Condition 0.011 0.052 0.998 13.5 

Unknown 0.086 0.025 0.365 12.2 

Vegetation 0.050 0.014 0.494 24.4 

Weather, Excluding Lightning 0.163 0.022 0.654 43.6 

By examining the average TOS, duration, and frequency of occurrence for events with different ICCs (Figure 
4.11) it is possible to determine which ICCs contribute most to reliability performance for the period under 
consideration. The average TOS for events with a specific ICC is displayed on the Y-axis. A higher TOS for an 
ICC indicates that more sustained outages or higher voltage elements were involved in an event. The average 
duration for events with a specific ICC is displayed on the X-axis; generally, events with a longer duration 
pose a greater risk to the BPS. The number of ICC occurrences is represented by the bubble size; larger 
bubbles indicate that an ICC occurs more often. Lastly, the bubble colors indicate a statistical significance of 
a difference in the average TOS of this group and the events from other groups. 
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Figure 4.11: TOS vs. Expected TADS Event Duration 

 
An analysis of the total TOS by year indicates that 2025 shows an improving trend compared to 2024, with 
the Unknown category improving to the point that it went from the No Significant Difference category (blue) 
in 2024 to the Significantly Lower than Average TOS category (green) in 2025. All other categories remained 
the same. Figure 4.12 shows the annual TOS, which is the lowest since TADS data collection began.  
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Figure 4.12: TOS of TADS Sustained Events of 100 kV+ AC Circuits and Transformers 
by Year81 

 

Automatic AC Transmission Outages 
The average number of outages per circuit due to failed ac substation equipment slightly decreased from 
2024 to 2025 and is effectively equal to the previous four-year average (Figure 4.13). The number of 
sustained outages due to failed ac circuit equipment per 100 miles decreased in 2025 to the lowest of the 
past five years (Figure 4.14).  
 

  
Figure 4.13: Number of Outages Per AC Circuit Due to Failed AC Substation 

Equipment82 

 
81 M-17, Transmission Outage Severity 
82 M-14, Automatic AC Transmission Outages Initiated by Failed AC Substation Equipment 

https://www.nerc.com/comm/PC/Performance%20Analysis%20Subcommittee%20PAS%202013/M-17_Transmission_Outage_Severity.pdf
https://www.nerc.com/comm/PC/Performance%20Analysis%20Subcommittee%20PAS%202013/M-14_Automatic_AC_Transmission_Outages_Initiated_by_Failed_AC_Substation_Equipment.pdf
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Figure 4.14: Number of Outages Per 100 Miles Due to Failed AC Circuit Equipment83 

Automatic AC Transformer Outages 
In 2025, there was a slight decrease in the number of automatic ac transformer outages per element caused 
by failed ac substation equipment, but there was no significant change compared to the prior four years. 
Though the decrease in outages is not statistically significant, as can be seen in Figure 4.15, this number 
remains the second highest over the past five years.  

Figure 4.15: Number of Outages Per Transformer Due to Failed AC Substation 
Equipment84 

83 M-15, Automatic AC Transmission Outages Initiated by Failed AC Circuit Equipment 
84 M-14, Automatic AC Transmission Outages Initiated by Failed AC Substation Equipment 

https://www.nerc.com/comm/PC/Performance%20Analysis%20Subcommittee%20PAS%202013/M-15_Automatic_AC_Transmission_Outages_Initiated_by_Failed_AC_Circuit_Equipment.pdf
https://www.nerc.com/comm/PC/Performance%20Analysis%20Subcommittee%20PAS%202013/M-14_Automatic_AC_Transmission_Outages_Initiated_by_Failed_AC_Substation_Equipment.pdf
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Transmission Element Unavailability 
In 2025, ac circuits over 200 kV across North America had an unavailability rate of 0.22%, representing the 
chance that a specific transmission circuit is unavailable due to sustained automatic and operational outages 
at any given time. Transformers also had an unavailability rate of 0.35% in 2025. Figure 4.16 shows that 
while there was a decrease in ac circuit availability in 2025, it was not statistically significant when compared 
to the prior four years.  

Figure 4.16: AC Circuit Unavailability >200 kV85 

Figure 4.17 shows that 2025 is the highest year for transformer unavailability of the five-year analysis 
period, in large part due to an increase in the number of operational outages. Responses from voluntary 
outreach to utilities with the longest operational transformer outages in 2025 aligned with historically 
provided reasons for prolonged outages and did not indicate the need for immediate action. In addition 
to several one-off scenarios, common themes included removing transformers temporarily multiple times 
to maintain system reliability, system redundancy reducing restoration urgency, and two instances where 
supply chain constraints in the form of known long lead times prolonged outages. 

85 M-16, Element Availability Percentage (APC) & Unavailability Percentage 

https://www.nerc.com/comm/PC/Performance%20Analysis%20Subcommittee%20PAS%202013/M-16_Element_Availability_Percentage_and_Unavailability_Percentage.pdf
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Figure 4.17: Transformer Unavailability >200 kV 86 

TADS Physical Security Metric 
Over the past several years, there has been an increase in physical attacks on the BPS. To help measure the 
impact of these transmission physical security events on the BES and identify trends, a new metric was 
introduced, the TADS Physical Security Metric (M18), described as follows.  

• The TADS Physical Security metric uses the data from TADS sustained physical security-related
outages for transmission elements reportable in TADS with a voltage of 100 kV and above. Prior to
2024, these outages were reported using the initiating or sustained cause code labeled Vandalism,
Terrorism, or Malicious Acts. Since 2024, these outages have been reported using the initiating or
sustained cause code labeled Physical Security Incident. The metric is calculated by adding the
number of outages, their average equivalent MVA, and their average duration, for a rolling five-year
period that is then statistically compared to identify trends.

• The bubble chart in Figure 4.18 shows a rolling comparison of the TADS Physical Security metric of
2021–2025 to 2020–2024. The size of a bubble represents the total number of physical security
outages (displayed in the center of each bubble). The X-axis of a bubble shows the average duration
of the outages (in hours), and the Y-axis shows the average MVA capacity impacted for those
outages.

86 M-16, Element Availability Percentage (APC) & Unavailability Percentage 

https://www.nerc.com/comm/PC/Performance%20Analysis%20Subcommittee%20PAS%202013/M-16_Element_Availability_Percentage_and_Unavailability_Percentage.pdf
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Figure 4.18: Comparison of TADS Physical Security Metric for 2020–2024 vs. 2021–
202587 

Figure 4.18 shows a decreasing trend in both the total number of physical security outages (from 78 to 75) 
and average MVA capacity (from 308.5 MVA to 304.6 MVA) and an increase in the average duration for 
those outages (from 80 hours to 92 hours). Based on the rating criteria for this metric, the assessment rating 
for this metric is Stable.  

Table 4.7: 2025 M-18 TADS Physical Security Metric 

2020–2024 2021–2025 

Outage Count 78 75 

Average MVA 308.5 304.57 

Average Duration (Hours) 80.15 92.03 

Incident Tracking Context/Background 
The E-ISAC tracks physical security incidents shared by asset owners across North America to reduce physical 
security risks to the sector by monitoring and reporting on relevant trends such as the criminal threat 
environment and the tactics, techniques, and procedures that result in operational impacts to the North 
American grid. In addition to physical security incidents reported to the ERO through mandatory mechanisms 
such as the DOE-417 and EOP-004 forms, the E-ISAC tracks incidents shared voluntarily by members on the 
E-ISAC Portal or shared directly with the E-ISAC through the Bulk Data Program. Approximately 91% of
incidents tracked by the E-ISAC since 2021 were received through voluntary methods. Since 2021, the E-ISAC
has tracked over 17,000 physical security incidents within the following categories: Assault, Ballistic Damage,
Intrusion, Theft, Threat, Surveillance, Suspicious Activity, and Other. Of these 17,000, less than 3% have
resulted in operational impacts since 2021 (Table 4.8), though the proportion typically fluctuates within
shorter time periods between 2% and 4%.

87 M-18, TADS Physical Security 

https://www.eisac.com/portal/login
https://www.eisac.com/portal/article/PhysicalSecurityBulkDataProgramFactSheet-428
https://www.nerc.com/globalassets/who-we-are/standing-committees/rstc/pas/m-18-tads-physical-security.pdf
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Table 4.8: E-ISAC Severity Level Definitions and Data Summary (2021–2025)88 

Severity Level Definition % of incidents  

Level 0 Non-criminal, potential security nexus 11% 

Level 1 
Likely criminal activity with no operational impacts; only 
monetary.  

86% 

Level 2 
Some operational impacts; including limited customer outages, 
generation unavailability, or partial loss of control and 
monitoring. 

2% 

Level 3 
Significant operational impacts; including extensive customer 
outages, generation unavailability or loss of control and 
monitoring. 

<1% 

 

Operational Impacts Increasing 
Since 2021, Level 2 and Level 3 incidents shared with the E-ISAC have increased (Figure 4.19). While 2023 
saw an increase in Ballistic Damage incidents resulting in operational impacts, the primary tactics that 
increased throughout 2024 and 2025 involved Theft or Vandalism. The change in tactics reflects the changing 
risk environment and can be attributed to copper market spikes and supply chain constraints, leading to 
increased targeting of copper through Theft and Vandalism. In 2025, the E-ISAC observed sustained levels 
of Vandalism and Ballistic Damage compared to historic norms, paired with an increase in operational 
impacts from Theft and continued targeting of fiber infrastructure.  

 
Figure 4.19: Incidents Resulting in Operational Impacts (Severity Level 2 and Level 3) 

by Tactic (2021–2025) 
 

Unlike Operational Impacts, Overall Incidents Decreased 
In 2025, overall incidents shared with the E-ISAC decreased by 11% compared with 2024 (Figure 4.19); this 
decline was relatively consistent between mandatory/voluntarily shared incidents for all severity levels. This 
is in contrast to incidents discussed above resulting in operational impacts. The differing volume trend 
observed between all incidents versus those resulting in operational impacts can be attributed to a shifting 
tactical focus by adversaries, with copper thefts increasingly affecting energized distribution (non-
substation) assets, resulting in customer outages.  
 
For more insight into the risks to industry related to physical security incidents that result in operational 
impacts, see the E-ISAC’s annual Grid-Impacting Report (available to E-ISAC members on the Portal). 

 
88 https://www.eisac.com/portal/article/124886-Physical-Security-Incident-Severity-Level-Categorization  

https://www.eisac.com/portal/article/EISACPhysicalSecurityReportGridImpactingIncidents20242025
https://www.eisac.com/portal/article/124886-Physical-Security-Incident-Severity-Level-Categorization
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Appendix A: Supplemental Analysis at Interconnection 
Level 

 

Severity Risk Index by Interconnection 
 

Eastern and Québec Interconnections 
The cumulative SRI for the EI and QI in Table A.1 shows a 3% increase compared to the average of the four-
year period of 2021–2024. The 2025 cumulative SRI was the second highest among the five years analyzed. 
 

Table A.1: Annual Cumulative SRI, Eastern and Québec Interconnections 

Year 
Cumulative 
Weighted 

Generation 

Cumulative 
Weighted 

Transmission 

Cumulative 
Weighted Load 

Loss 

Annual 
Cumulative SRI  

Average 
Daily SRI 

2021 346.3 53.7 65.8 465.9 1.28 

2022 385.1 52.3 53.0 490.4 1.34 

2023 324.5 64.4 47.2 436.1 1.19 

2024 358.7 59.5 52.0 470.2 1.28 

2025 367.5 52.7 46.8 467.0 1.28 

 
The top 10 SRI days of the EI and QI were distributed throughout the year as shown in Figure A.1 (numbered 
circles). A total of 7 of the top 10 days that occurred in the EI and QI aligned with the top 10 SRI days reported 
for North America. 

 
Figure A.1: 2025 Eastern and Québec Interconnections Daily SRI with Top 10 Days 

Labeled, 90% Confidence Interval 
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Figure A.2: Eastern and Québec Interconnections Top Annual Daily SRI Days, Sorted 
Descending 

Figure A.2 shows the EI and QI’s top 10 SRI days in 2025 relative to the four prior years, while Table A.2 
provides details on each component’s contribution to the top 10 SRI days. Out of the top 10 SRI days for the 
EI and QI, three were driven by load loss, one was driven by a combination of generation and load loss, none 
were driven by transmission, and the rest were predominantly driven by generation.  

Table A.2: 2025 Top 10 SRI Days, Eastern and Québec Interconnections 

Rank Date 
SRI and Weighted Components 2025 

Atypical Weather 
Conditions 

Regional Entities 
SRI 

Weighted 
Generation 

Weighted 
Transmission 

Weighted 
Load Loss 

1 
February 16, 
2025 

4.20 2.20 0.31 1.68 
Northwestern 
Atmospheric River 

WECC 

2 
January 22, 
2025 

3.98 3.74 0.15 0.08 Winter Storm Enzo RF, SERC 

3 June 24, 2025 3.91 3.09 0.26 0.55 Thunderstorms NPCC, RF, SERC 

4 
January 21, 
2025 

3.89 3.71 0.10 0.07 Winter Storm Enzo RF, SERC 

5 
December 
19, 2025 

3.74 1.70 0.29 1.76 
Northwestern 
Atmospheric River 

WECC 

6 
April 29, 
2025 

3.62 1.06 0.37 2.19 Thunderstorms MRO, NPCC, RF 

7 June 23, 2025 3.11 2.13 0.16 0.82 Thunderstorms NPCC, RF, SERC 

8 April 2, 2025 3.09 0.99 0.55 1.56 
Tornadoes & 
Severe Storms 

MRO, RF, SERC 

9 
March 16, 
2025 

2.89 0.50 0.34 2.05 Tornadoes MRO, RF, SERC 

10 
December 
15, 2025 

2.87 2.51 0.07 0.29 Winter Storm RF, SERC, Texas RE 
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Table A.3 shows the top 10 SRI days for the EI and QI over the last five years with no dates in 2025. 

Table A.3: 2021–2025 Top 10 SRI Days, Eastern and Québec Interconnections 

Rank Date 

SRI and Weighted Components 2025 
Atypical Weather 

Conditions 
Regional 
Entities SRI 

Weighted 
Generation 

Weighted 
Transmission 

Weighted 
Load Loss 

1 
December 23, 
2022 

13.70 8.88 0.90 3.92 Winter Storm Elliott All 

2 
December 24, 
2022 

9.46 8.12 1.27 0.07 Winter Storm Elliott All 

3 
February 16, 
2021 

8.31 4.10 0.58 3.63 Cold Weather Event 
MRO, RF, 
SERC 

4 
December 11, 
2021 

6.57 0.92 0.92 4.73 Severe Storms 
NPCC, RF, 
SERC 

5 
September 27, 
2024 

6.45 1.62 3.61 1.23 Hurricane Helene SERC 

6 June 14, 2022 6.09 1.70 0.49 3.90 
High Temperatures and 
Derecho 

All 

7 April 1, 2023 5.80 0.74 0.63 4.43 
Widespread Storms and 
Tornadoes 

MRO, RF, 
SERC 

8 June 15, 2022 5.22 1.63 0.24 3.36 Hurricane Isaias 
NPCC, RF, 
SERC 

9 
February 15, 
2021 

5.15 3.62 0.54 0.99 Unnamed Tropical Storm RF, SERC 

10 June 22, 2023 4.42 1.34 2.95 0.13 
High Temperatures and 
Derecho 

All 

Western Interconnection 
The 2025 cumulative SRI for the WI shows an 9% decrease over the prior four-year period of 2021–2024. 
The 2025 cumulative SRI was the lowest among the five years analyzed (Table A.4). 

Table A.4: Annual Cumulative SRI, Western Interconnection 

Year 
Cumulative 
Weighted 

Generation 

Cumulative 
Weighted 

Transmission 

Cumulative 
Weighted Load 

Loss 

Annual 
Cumulative SRI 

Average 
Daily SRI 

2021 426.8 98.2 97.8 622.7 1.71 

2022 423.8 87.3 60.1 571.2 1.57 

2023 423.1 68.6 59.6 551.3 1.51 

2024 418.0 74.3 50.1 542.4 1.48 

2025 402.5 76.2 42.2 521.0 1.43 

The top 10 SRI days of the WI for 2024 were distributed throughout the year as shown in Figure A.3. A total 
of 2 of the top 10 days that occurred in the WI aligned with the top 10 SRI days reported for North America. 
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Figure A.3: 2025 Western Interconnection Daily SRI with Top 10 Days Labeled, 90% 
Confidence Interval 

Figure A.4: Western Interconnection Top Annual Daily SRI Days Sorted Descending 
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Table A.5 details each component’s contribution to the top 10 SRI days for the WI; WECC is the only Regional 
Entity in the WI. Out of the top 10 SRI days for the WI, one was driven by load loss, two were driven by a 
combination of transmission and generation, and the rest were predominantly driven by generation. 

Table A.5: 2025 Top 10 SRI Days, Western Interconnection 

Rank Date 
SRI and Weighted Components 2025 

Atypical Weather Conditions 
Regional Entities SRI 

Weighted 
Generation 

Weighted 
Transmission 

Weighted 
Load Loss 

1 
December 
17, 2025 

11.36 4.54 4.02 2.80 Northwestern Atmospheric River 

2 
June 19, 
2025 

6.38 0.87 0.44 5.07 Thunderstorms, Tornadoes 

3 
November 
13, 2025 

5.58 3.23 2.35 0.00 Wyoming System Event 

4 
December 
24, 2025 

4.11 1.07 0.87 2.16 Winter Storm 

5 
January 8, 
2025 

3.81 1.54 1.73 0.53 High Wind Conditions 

6 
August 7, 
2025 

3.55 2.73 0.67 0.14 Extreme Heat 

7 
August 26, 
2025 

3.46 1.99 0.57 0.90 Extreme Heat 

8 
April 1, 
2025 

3.21 2.80 0.18 0.23 Thunderstorms, Tornadoes 

9 
August 23, 
2025 

3.21 1.26 0.80 1.15 Extreme Heat 

10 
October 1, 
2025 

3.14 2.76 0.38 0.00 Thunderstorms 

Table A.6 shows the top 10 SRI days for the WI over the last five years, with three days in 2025 highlighted 
in red. 

Table A.6: 2021–2025 Top 10 SRI Days, Western Interconnection 

Rank Date 

SRI and Weighted Components 2025 
Atypical Weather 

Conditions SRI 
Weighted 

Generation 
Weighted 

Transmission 
Weighted 
Load Loss 

1 
December 
17, 2025 

11.36 4.54 4.02 2.80 
Northwestern Atmospheric 
River 

2 
February 4, 
2024 

10.67 0.34 0.31 10.02 Atmospheric River 

3 
November 
15, 2021 

10.23 1.42 0.40 8.41 Atmospheric River 

4 
January 13, 
2021 

10.16 1.86 3.83 4.48 Northwest Winter Weather 

5 
February 
24, 2023 

6.75 2.61 0.88 3.26 Winter Storm 

6 
June 19, 
2025 

6.38 0.87 0.44 5.07 Tornadoes, High Winds 

7 
November 
5, 2022 

6.13 1.75 1.77 2.61 Severe Weather 
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Table A.6: 2021–2025 Top 10 SRI Days, Western Interconnection 

Rank Date 

SRI and Weighted Components 2025 
Atypical Weather 

Conditions SRI 
Weighted 

Generation 
Weighted 

Transmission 
Weighted 
Load Loss 

8 
November 
13, 2025 

5.58 3.23 2.35 0.00 Wyoming System Event 

9 
December 
20, 2022 

5.14 1.05 0.15 3.93 Winter Storm 

10 
February 
13, 2021 

5.14 1.14 1.30 2.70 Winter Storm Uri 

 

Extreme-Day Analysis by Interconnection 
The extreme-day analyses for transmission and generation for 2025 are presented by Interconnection. The 
maximum TADS reported MVA capacity or GADS reported net maximum capacity for 2025 is shown in the 
upper right or left corners of Figure A.5–Figure A.10. The largest outliers and extreme days correlating with 
NERC-wide extreme days have been labeled with any atypical weather conditions during those days. 
Interconnection extreme days that do not align with NERC-wide extreme days are dated, but the underlying 
conditions are not identified. The number of customers interrupted (CI) due to transmission or generation 
sources for the day is obtained from the IEEE PES Distribution Reliability Working Group (DRWG) benchmark 
data. All dates are shown in UTC.  
 

 
Figure A.5: Eastern and Québec Interconnections—Transmission Impacts During 

Extreme Days of 2025 
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Figure A.6: Eastern and Québec Interconnections—Generation Impacts During 

Extreme Days of 2025 
 

 
Figure A.7: Texas Interconnection—Transmission Impacts During Extreme Days of 

2025 
 



Appendix A: Supplemental Analysis at Interconnection Level 

 

2026 State of Reliability 
77 

 

 
Figure A.8: Texas Interconnection—Generation Impacts During Extreme Days of 2025 

 

 
Figure A.9: Western Interconnection—Transmission Impacts During Extreme Days of 

2025 
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Figure A.10: Western Interconnection—Generation Impacts During Extreme Weather 

Days  
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Incident Review 
Load-Pocket Shoulder Season Challenges 
 
Primary Takeaways  
In recent years, shoulder seasons have become increasingly challenging for bulk power system (BPS) operators 
to manage. This review details 4 of 6 incidents over a 13-month period that resulted in pre-contingent load 
shedding. All these load-shed incidents had similar contributing circumstances: All incidents occurred during 
what is commonly known as the “shoulder seasons” and had unavailable generation that was either planned 
or unplanned, unavailable transmission that was either planned or unplanned, and more load than forecasted. 
Load was shed in all instances because of real-time contingency analysis (RTCA) results that indicated 
significant issues related to the next loss of a transmission element. These issues would have involved either 
significant overloads that could lead to cascading or significantly low voltages bordering on voltage instability.  
 
During RTCA, which is important for operating the power system, analysis is performed on the system’s current 
operating state. This differs from operational planning analysis (OPA), which studies the system for forecasted 
operating conditions. Very often, the real-time operating conditions are different than the forecasted 
operating conditions.  
 
RTCA is the safety net used to ensure that the system is operating in a secure state in its current configuration 
and loading levels. Planned and unplanned outages, variable energy resources (VER), and variable weather 
conditions leading to variations in load can drive real-time conditions that necessitate load shed to maintain 
BPS reliability. 
 

Background 
Shoulder seasons are the spring and fall periods that are between the summer and winter peak load periods. 
These seasons have historically been used for planned BPS maintenance and construction in preparation for 
the upcoming peak load season. For instance, generating resources require periodic maintenance to ensure 
their availability during peak seasons. This periodic maintenance requires an outage of the generating facility. 
Market rules and other economic incentives have caused generation planned maintenance outages to be 
concentrated into the shoulder seasons, leading to increasing numbers of generators being out for 
maintenance simultaneously. Additionally, transmission lines require periodic maintenance, such as insulator, 
crossarm, or structure replacement, leading to planned outages during shoulder seasons.  
 
Furthermore, the BPS is in a cycle of growth and transition, and significant new transmission development is 
occurring. To facilitate the construction of new transmission facilities, outages on existing BPS transmission 
facilities are required. This work is also concentrated in the shoulder seasons. 
 
Historically, BPS reserve margins have been sufficient for the shoulder seasons to accommodate these outages 
without much difficulty, but reserve margins have shrunk in recent years. In its 2024–2025 Winter Reliability 
Assessment,1 NERC identified significant reductions in thermal generation from the previous winter. In many 
instances, this thermal generation has been replaced by VERs, such as wind and solar. However, VERs present 

 
1 https://www.nerc.com/globalassets/programs/rapa/ra/nerc_wra_2024.pdf  

https://www.nerc.com/globalassets/programs/rapa/ra/nerc_wra_2024.pdf
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challenges and uncertainties for system operators in combination with facility outages during the shoulder 
seasons.  
 
Another factor is load magnitude, of which temperature was historically the major driver with the largest 
percentage of load being residential and commercial building cooling and heating. Cold temperatures in the 
winter and hot temperatures in the summer caused loads to peak in those seasons, with lower loads in the 
shoulder seasons. However, loads that have a flat demand curve regardless of temperature have recently 
grown significantly, causing the delta between peak and shoulder seasons to shrink. Temperatures in the 
shoulder seasons were also historically temperate, meaning that operators could count on temperature-
sensitive load to not be high in magnitude. In recent years, shoulder season temperatures have varied more 
significantly than historical norms. Compounding the challenges, especially in spring, thunderstorms and 
tornadoes create unplanned (forced) equipment outages.  
 
All these factors must be considered when determining whether to grant equipment outage requests. The 
outages are typically planned weeks, if not months, in advance, as operators must forecast system conditions 
to determine whether the outage request is feasible. If conditions are much different than those predicted 
weeks or months earlier, load shed may be required to maintain a secure operating state, which is what 
occurred in the incidents described in this incident review. 
 

Summary of the Incidents 
This incident review summarizes four shoulder season load-shed incidents. Each is unique, but all share some 
of the aforementioned common difficulties. These incidents all occurred in a smaller area within a Balancing 
Authority (BA) area footprint, referred to as a load pocket.2 Load pockets have varying degrees of transmission 
lines that connect the pockets to the larger grid. Energy imports on these transmission lines, along with the 
generation internal to the load pocket, serve as the energy source for load within the pocket. The magnitude 
of the load within the pocket, offset by the internal generation, determines the import capability that is needed 
to serve the load pocket. The needed import capability determines the required number or total capacity of 
the connecting transmission lines. Entities will sometimes create a transmission “ring” around the load pocket. 
Conceptual diagrams of simple and complex load pockets are depicted in Figure 1 and Figure 2. 
 

 

Figure 1: Simple Load Pocket 

 
2 A “load pocket” is a concentrated area of load that typically contains some generation. 
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Figure 2: Complex Load Pocket 
 

Incident Details 
 

Entity A Incidents 
Entity A experienced three load-shed incidents in the same load pocket in 2024 and 2025. Details are included 
for two of those incidents. This load pocket has seen rapid and significant load growth in the past few years, 
driving increased reliability risk in the shoulder season. Transmission projects are planned to increase the 
capacity into the load pocket but are still a few years from being in service. Consequently, the capacity margin 
for this load pocket, which contains a substantial amount of VERs consisting of wind and solar facilities, has 
been reduced from previous levels.  
 
Each of the three incidents contained a combination of the following contributing factors: 

• Unavailable Generation 

▪ Planned Maintenance Outages 

▪ Unplanned/Forced Outages 

▪ Low Wind Generation Output 

▪ Solar Generation Evening Ramp Down 

▪ Emission Constraints 
 

Planned and unplanned generation outages or derates within the load pocket contributed to these 
incidents. Unavailable generation internal to the load pocket places an increased need for capacity on 
the transmission lines that connect the load pocket to the rest of the electric grid.  

• Load Forecast Error 
In each incident, there was a significant difference between actual and forecast load, with a significant 
portion of this extra load attributable to line losses on the transmission system. These increased losses 
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resulted from increased power flow on the transmission system due to reduced generation output 
internal to the load pocket. 

• Transmission Outages 

▪ Planned Outages 

▪ Unplanned/Forced Outages 
 
In both the load-shed incidents being examined, unplanned/forced outages of 345 kV transmission 
lines due to faults contributed significantly to the potential voltage instability. 

• Solar Generation Evening Ramp Off 
Evening solar generation ramp down presents a significant challenge for grid operators, as, in the 
shoulder seasons, it coincides with the daily peak load. In one of Entity A’s incidents, the solar 
generation ramp down from 200 MW at 18:30 to 25 MW at 19:30 was coincident with the entity’s daily 
peak load and coincided with minimum wind generation internal to the load pocket.  

• Low Wind Generation Output 
This load pocket contains a significant amount of wind generation, but during one of the load-shed 
incidents, the wind generation was approximately 2% of nameplate.  

 
Incident 1 
In this April event, a 345 kV transmission line was forced out of service due to a sustained fault. This outage, 
coupled with a planned maintenance outage on another 345 kV line, resulted in an increased dependence on 
generation internal to the load pocket due to decreased transmission import capability. Low wind speeds that 
day resulted in only 100 MW of wind generation internal to the load pocket, compared to 4,700 MW of 
nameplate capacity. As peak load was approaching later in the day, a generator inside the load pocket that 
was planned to help meet the daily peak load failed to start. At very close to the same time, the solar evening 
ramp off also began with solar ramping down from 200 MW to 25 MW in one hour, coincident with load 
increasing to its daily peak value. RTCA, when accounting for these transmission and generator 
outages/unavailability, indicated that voltage instability would occur with the next contingency, requiring the 
operators to shed load pre-contingency. To return the system to a secure operating state as soon as possible, 
the operators shed approximately 150 MW of load. 
 
Incident 2 
In this March event, the load pocket experienced a significant internal unforecasted wind generation reduction 
that led to increased flows on the transmission system, resulting in increased line losses. At the time of the 
unexpected wind generation reduction, there were extensive planned and unplanned/forced outages of 
flexible/dispatchable generation, which is a key element to respond to unplanned/unforecasted generation 
shortages. Additionally, a key 345 kV transmission line was out of service for planned maintenance.  
 
The generation reduction, increased flows, and resulting increased line losses on the transmission system led 
the RTCA to indicate voltage instability in the pocket for the next contingency. This circumstance required the 
operator to shed load pre-contingency—specifically shedding 122 MW of load to return the system to a secure 
operating state as quickly as possible. 
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Entity B Incidents 
Entity B experienced two load-shed events in the same load pocket in April 2025. Both incidents were 
prompted by RTCA analysis indicating voltage instability—severe enough to require pre-contingent load 
shedding—for a next contingency loss. These incidents resulted in load sheds of 115 MW and 140 MW, 
respectively, to maintain reliability of the BPS. This load pocket has experienced significant generation 
retirements during the last 10 years, resulting in less reserve margin within the load pocket and leading to less 
flexibility for operators to respond to unanticipated conditions. 
 
Contributing Factors for the April 26 Incident3 
Generation planned maintenance outages contributed significantly to this incident, as 3,000 MW of generation 
was unavailable due to planned maintenance outages inside the load pocket. At the time of the outage requests 
months earlier, analysis did not reveal any issues with the outages based on the forecasted assumptions.  
 
A 345 kV line and a dc tie transmission line were out of service on the day of the incident, significantly reducing 
the import capacity into the load pocket. 
 
Grid operators perform OPA studies to identify any potential issues for the next-day operating conditions. This 
gives the grid operator time to develop mitigations for any identified issues. This analysis must use forecasted 
conditions, such as load, generation, and network topology. Differences between the actual real-time 
conditions and those forecasted in the OPA could result in unanticipated challenges. In this instance, a few real-
time differences arose, as follows: 

• The load pocket experienced a high temperature exceeding the daily forecast by approximately 5 
degrees, resulting in a load 300 MW over the forecasted load. 

• A 185 MW natural-gas-fired unit was off-line in real time. 

• The network power flow differed significantly from the flow predicated in the OPA, which anticipated 
a north to south power flow. The actual flow in real time during the incident was south to north. 

 
In addition to the grid operator performing day-ahead reliability planning studies, the market function performs 
day-ahead market analysis to determine the generation plan for the next day. As the market analysis 
determined that a 348 MW natural gas generator internal to the load pocket was not needed for economic or 
reliability purposes, the unit was placed in reserve shutdown mode.  
 

Entity C Incident 
In this May incident, a combination of extensive planned and unplanned generation outages, higher-than-
forecasted load, and a critical 500 kV transmission line outage led to a transmission system emergency resulting 
in a need to shed 600 MW of load to maintain reliable operations. 
 
Both planned and unplanned generation outages internal to the load pocket contributed significantly to this 
incident; 74% of the generation internal to the load pocket was unavailable on that day, and a 500 kV 
transmission line had previously been forced out of service due to structure failures caused by severe weather. 

 
3 4-26-2025 Load Shed Event 

https://www.spp.org/documents/74283/spp's%20summary%20of%20the%20april%2026,%202025,%20shreveport-area%20load%20shed%20event.pdf
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These factors led to a 1,732 MW decrease in transmission capacity into the load pocket. In total, the load 
pocket’s available capacity was reduced by 9,332 MW. 
 

Table 1: Load Pocket Capacity Reductions 

Load-Pocket Unavailable Generation Reduction (MW) 

Planned Outages 2,600  

Unplanned Outages 3,900  

Derates 1,100  

Total 7,600  

Unavailable 500 kV line Capacity 1,732  

Total Unavailable Capacity Into Load Pocket 9,332  

 
Additionally, the temperature in the load pocket on that day was 92 degrees, approximately 5 degrees hotter 
than normal, resulting in a substantial increase in load and causing the actual load to exceed the forecasted 
load level.  
 
The day prior to the load-shed incident, operators identified that a 230 kV line would overload if the loss of a 
500 kV line occurred. The day-ahead analysis did not indicate an overload greater than 125%, and a plan was 
formulated to initiate post-contingent load shed to alleviate the overload should the 500 kV line be lost. 
 
On the day of the load shed, the increased transmission line loading resulted in the need to adjust the system 
to address other transmission lines exceeding their rating. These adjustments, in addition to the increased 
loading, resulted in the RTCA indicating that the overload on the 230 kV line was greater than 125% for the 
next worse contingency: the loss of the 500 kV line.  
 
The entity’s operating procedure states that contingent overloads greater than 125% require further analysis 
to assess the potential for cascading. If this analysis identifies a load loss of 1,000 MW or more when removing 
elements loaded greater than 125%, a temporary interconnection reliability limit (TIROL) is identified and pre-
contingent load shed is required, as happened on this day for the entity. After the TIROL was identified, the 
entity declared a transmission system emergency and initiated 600 MW of load shed to alleviate the TIROL. 
 

Future Considerations 
All these incidents occurred in shoulder seasons. Each incident had significant amounts of planned and 
unplanned outages, higher-than-forecasted temperatures, and RTCA results for a next contingency that 
required pre-contingent load shedding.  
 
As interconnections are changing in both resource mix and load characteristics coupled with weather variability 
during shoulder seasons, a different approach may be needed when coordinating facility outages. Entities 
should consider the following: 

• Planning a higher level of operating margin and committing additional generation in load pockets to 
account for larger real-time variabilities in generation, load, and weather 

• Including demand-side management in the mitigation plans for insufficient capacity in load pockets 

• Considering more extreme scenarios when determining which outage requests to approve 
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• Considering PRC-023 loadability requirements when determining contingent overload thresholds that 
trigger cascading analysis 

• Periodically revisiting planned outages and considering updated and expected system conditions to 
determine whether such outages should be postponed 

• In market areas, reviewing processes to ensure that reliability studies (OPA) are using accurate 
generation dispatch and availability as determined from the latest day-ahead market analysis 
(Coordinating processes that eliminate discrepancies between the day-ahead market unit commitment 
plan and the OPA studies.) 

 
For more information, please contact:  
NERC – Event Analysis 
 
Date of Publication: March 4, 2026 
 
 

mailto:nercea@nerc.net
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Preface  

 
Electricity powers our modern life and is the bedrock of our economic wellbeing. The Electric Reliability 
Organization (ERO) Enterprise—comprised of NERC and the six Regional Entities—is firmly committed to 
assuring a highly reliable, resilient, and secure bulk power system (BPS) in North America. The ERO Enterprise 
enables collaborative engagement with industry, regulators, and stakeholders, embracing innovation and 
supporting the needs of nearly 400 million people. 
 

RELIABILITY | RESILIENCE | SECURITY 

POWERING TODAY. PROTECTING TOMORROW. 

 
The North American BPS is made up of six Regional Entities as shown on the map and in the corresponding 
table below. The multicolored area denotes overlap as some load-serving entities participate in one Regional 
Entity while associated Transmission Owners/Operators participate in another. 

 

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 Overview 

NERC delivers the State of Reliability (SOR) as a two-part report that consists of the 2026 SOR Overview and 
the 2026 SOR Technical Assessment.1 The 2026 SOR Overview serves as a high-level summary of the most 
important and actionable topics impacting the BPS and how they are being addressed, while the 2026 SOR 
Technical Assessment provides NERC’s comprehensive annual analytical review of BPS reliability for the 2025 
calendar year. The analysis within the SOR report fulfills a key role in NERC’s mission by providing an 
unbiased, data-driven look at the BPS’s reliability, identifying ongoing challenges, and informing future-
looking assessments. This overview seeks to inform regulators, policymakers, and industry leaders of the 
most significant reliability risks facing the BPS and describes the actions that the ERO Enterprise has taken, 
and will take, to address them. 
 

Development Process 
ERO staff developed this overview and the corresponding 2026 SOR Technical Assessment with support from 
the Performance Analysis Subcommittee (PAS). Both documents draw conclusions from an established set of 
reliability indicators and mandatory information reported by industry to the Transmission Availability Data 
System (TADS), the Generating Availability Data System (GADS), the Misoperation Information Data Analysis 
System (MIDAS), voluntary reporting into the Event Analysis Management System (TEAMS), Bulk Power 
System Awareness monitoring and processes, the Institute of Electrical and Electronics Engineers (IEEE) 
Distribution Reliability Working Group, and other sources as available. 
 

Considerations  

• Data in the SOR represents the performance for the January–December 2025 operating year unless 
otherwise noted. 

• Analysis in this report is based on data from 2021–2025 that was available in Spring 2026 and 
provides a basis to evaluate 2025 performance relative to performance from the last five years. All 
dates and times shown are in Coordinated Universal Time (UTC).  

• The SOR is a review of industry-wide trends—not a review of the performance of individual entities. 

• When analysis is presented by Interconnection, the Québec Interconnection is combined with the 
Eastern Interconnection unless specific analysis for the Québec Interconnection is shown.  

 
1 NERC SOR 2026 Technical Assessment 

https://www.nerc.com/globalassets/programs/rapa/pa/nerc_sor_2026_technical_assessment.pdf
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Executive Summary 

The North American BPS continues to deliver reliable electric service under increasingly challenging 
conditions. Key performance indicators remain stable overall even as the system experiences rising demand 
growth, more frequent extreme weather events, and significantly higher penetrations of inverter-based 
resources (IBR). 
 
At the same time, the report highlights a critical shift in the nature of reliability risk. Many of the emerging 
concerns facing the system are no longer driven by single contingencies or localized disturbances but by 
correlated and system-wide stresses, including energy limitations, operational challenges associated with 
maintaining reliability in lower-inertia systems, and declining availability of aging combustion generation. 
Although fuel supply uncertainty and extreme weather exposure were not major drivers in this year’s 
assessment, they remain subject to ongoing monitoring given their continuing potential to affect reliability. 
The findings emphasize that continued reliability success will depend not only on maintaining infrastructure 
and resource adequacy but also on improving industry’s ability to anticipate, model, and manage these 
evolving risks before they manifest as reliability events. 
 
While the SOR focuses on historical occurrences in the past year, it is also important to recognize future 
resource adequacy concerns. NERC’s forward-looking Long-Term Reliability Assessment2 and related non-
NERC reports3 continue to highlight that generation development has not and is not expected to keep pace 
with needs as new projects face delays and cancellations due to supply chain constraints, changing 
economies, and increasing grid upgrade costs. Similarly, while existing transmission performance continues 
to improve, its development, particularly of major interstate lines, is not advancing at a pace that can 
adequately support future reliability needs.  
 

Reliability Indicators 
Table 1 provides an overview of key performance measures of the BPS that compares 2025 performance to 
the previous four years. The results show that while a majority of these measures continue to improve or 
remain stable, several indicators are identified for monitoring or further attention, highlighting areas that 
warrant industry focus. The table is intended to contextualize known and emerging trends and areas of 
operational focus to help stakeholders understand where reliability risks may be evolving or re-emerging as 
the grid continues to transform. 
 

 
2 Long-Term Reliability Assessments 
3 MISO 2026 Reliability Imperative Report 

https://www.nerc.com/our-work/assessments/long-term-reliability-assessments
https://cdn.misoenergy.org/2026%20Reliability%20Imperative%20Report744320.pdf
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Table 1: Reliability Indicators4 

Improving Stable Monitor Actionable 

Frequency Response: 
Eastern, Texas, and 

Western Interconnections 

Frequency Response:  
Québec Interconnection 

Winter Reserve Margin: 
NPCC Maritimes  

Inertia and Rate-of-
Change-of-Frequency: 

Québec Interconnection5 

Inertia and Rate-of-
Change-of-Frequency: 

Eastern, Texas, and 
Western Interconnections 

Protection System 
Misoperations Rate  

Transmission-Related 
Events Resulting in Loss 
of Load: Supported by 

Event Analysis Data 

 

Energy Emergency Alerts 

Transmission Outages 
Caused by Failed Protection 

System Equipment:  
AC Circuits 

Interconnection 
Reliability Operating 

Limit (IROL) Exceedance  
 

Transmission Outages 
Caused by Failed 

Protection System 
Equipment: Transformers 

Automatic AC Transmission 
Outages Caused by Failed AC 

Substation Equipment:  
AC Circuits 

Transmission Outages 
Caused by Failed AC 

Substation Equipment: 
Transformers 

 

Automatic Transmission 
Outage Events Involving 

Human Error:  
AC Circuits and 
Transformers 

Transmission Element 
Availability:  
AC Circuits 

Transmission Element 
Availability:  
Transformers 

 

Transmission Outages 
Caused by Failed AC 
Circuit Equipment  

Transmission Outage 
Severity 

  

 
Transmission Physical 

Security Metric 
  

 

Emerging Trends 
While the BPS remains reliable and continues to perform well operationally, underlying reliability risk is 
increasing and changing in nature; the margin for error continues to decrease while dependence on 
operational mitigations increases.  
 
NERC’s analysis in the SOR report also identifies several important emerging trends: 
 

1. Conventional generation forced outage rates are up. 
The report identifies a meaningful increase in conventional generator forced outage rates in 2025, 
with annual weighted equivalent forced outage rates (WEFOR) increasing to 9.2% compared to 
historical norms rarely exceeding 8%. Coal and combined-cycle units were the primary drivers of this 
increase with an increase of over 39.8 TWh and 19.1 TWh of unavailable energy year over year, 
respectively. In contrast to recent years’ generation challenges, operational performance during the 

 
4 Some metrics are evaluated for multiple sub-topics. These metrics are either listed multiple times, with the different sub-topics 

beneath the bolded metric name (e.g. different interconnections for Frequency Response), or the criteria driving the overall 
status is listed (e.g. NPCC Maritimes causing Winter Reserve Margin to have the Monitor status). 

5 The Québec Interconnection has been experiencing low hydraulicity conditions since 2023. In 2025, this resulted in reduced 
energy exports and increased energy imports. Therefore, fewer hydro generating units were synchronized within the 
Interconnection, particularly under summer light-load conditions, leading to lower system inertia during this period. These 
conditions have been cyclical historically and are expected to improve in the coming years.  
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most challenging winter week of 20256 improved as industry winterization efforts continued. 
Instead, the reduction in availability was distributed throughout the year, suggesting a broader 
baseline degradation in much of the coal and combined-cycle fleets’ performance.  
 

2. Demand growth and large load integration continue challenging operators. 
Projected annual energy demand rose to nearly 4.95 million GWh in 2025, while actual summer peak 
demand in several areas approached or exceeded the normal forecast. Data center and 
computational loads continued emerging as a major reliability consideration due to their scale, 
speed of development, and unique operational characteristics. In 2025, two instances of data center 
customer-initiated load reduction (CILR) exceeded 1,000 MWs, with many more exceeding 100 MWs. 
NERC continued to work with the electric and data center industries to issue new alerts, host 
technical conferences, perform standards work, and offer large load guidance activities, reflecting 
the growing importance of load modeling, operational coordination, and frequency response 
impacts associated with these rapidly growing loads.   
 

3. Resource mix transformation is fundamentally changing system operations and reliability 
management. 
Solar, wind, and battery energy storage systems (BESS), all IBRs, continued to expand rapidly in 2025, 
with BESS growth approximately matching solar growth. In several peak demand periods, solar 
and/or wind production materially exceeded planning assumptions and supported system 
operations during stressed conditions. Additionally, BESS continued to demonstrate the capability to 
provide rapid frequency response. At the same time, IBRs are increasing operational complexity 
associated with inertia, protection systems, dynamic performance, and disturbance response. NERC 
continued extensive IBR mitigation work in 2025 and early 2026, including new technical 
requirements related to IBR performance, ride-through capability, and model validation.   
 

4. Industry mitigation actions are tracking well in many foundational reliability areas. 
The 2026 SOR Technical Assessment also documents continued improvement in several important 
controllable reliability metrics, including overall transmission system outage severity, protection 
system misoperations, failed protection-system-related outages, and transmission-related loss-of-
load events.  

 
 

 
6 Comparisons across winter storm events should be interpreted with caution, as outage risk remains elevated and storm impacts 

vary significantly by the area impacted, duration, system condition, and event severity.   
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Conventional Generation Forced Outage Rates Up 

Forced outage performance is a foundational indicator of BPS reliability because it illustrates the ability of 
generating resources to perform daily as well as when they are most needed, during periods of high demand, 
stressed system conditions, and extreme weather. While reserve margins and accredited capacity metrics 
provide a static view of resource sufficiency, an analysis of year-over-year forced outage rate changes 
provides insights into the availability of the conventional resource fleet, revealing trends in outage behavior 
and emerging reliability vulnerabilities. 
 

Analysis of 2025 Weighted Equivalent Forced Outage Rate 

Our 2025 analysis of the conventional GADS7 revealed 
an increase in reported units’ annual WEFOR8 to 9.2%, 
which is higher than the historical norms of 7–8% (see 
Figure 2). This increase was not the result of any 
particular event but an increase distributed across most 
months throughout the year, with three months’ 
WEFORs being comparable to the months when winter 
storms Elliott and Uri occurred. The lack of specific 
major events is indicative of a more subtle baseline 
increase in conventional forced outage rates. This, 
combined with tightening reserve margins9 in some 
areas that have continued into 2025 from prior years—
as well as performance improvements during the most 
challenging winter week of the year (January 19–25), 
highlighted by NERC, the Federal Energy Regulatory 
Commission (FERC), and industry—emphasizes the 
overall operational improvements while underscoring 
the increasingly precarious position of the BPS. As 
WEFOR increases, planning reserve margins may also 
increase at a higher rate to accommodate the 

associated uncertainty10 (see Figure 1).11  

 
  

 
 

 
7 GADS reporting is mandatory for units with a capacity >20 MW owned by NERC-registered Generator Owners (GO) per Section 

1600 of NERC’s Rules of Procedure. The conventional data set is separate from wind, solar, and hybrid energy storage data 
collection. Standalone energy storage is not currently collected by NERC under a Section 1600 data request. 

8 GADS Data Reporting Instructions - Appendix F Equations - WEFOR is an equation used throughout the electric industry to assess 
generator reliability by looking at how much units’ time and generating capacity is reduced due to forced outages and derates 
relative to the amount of time they could be generating, weighting that value by each units’ net maximum capacity. 

9 Reserve margins refer to the amount of excess generation an area is required to have available as a contingency for major system 
events to reduce the likelihood of cascading blackouts and load shedding. They are also key to NERC’s Reliability Assessments’ 
ability to forecast adequate generation. 

10 Many factors impact reserve margin calculations and vary from season to season throughout the year. Higher impact drivers 
include forced outage rates, planned maintenance rates, load forecasts, extreme weather outage adders, resource fleet 
composition, variable energy performance, and resource age. 

11 Figure is for demonstrative purposes. Proportions are not perfectly representative to actual value relations. 

Figure 1: Conceptual Example of 
Forced Outage Rates Impacting 

Reserves 
 

https://www.nerc.com/globalassets/programs/rapa/gads/conventional/appendix_f_equations_2026.pdf
https://www.nerc.com/programs/reliability-assessment--performance-analysis/reliability-indicators/m-1-reserve-margin
https://www.nerc.com/our-work/assessments
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Figure 2: Monthly, Annual, and Five-Year WEFOR 

 
Further analysis (see Table 2) identified that the increase in unavailability was primarily driven by a variety 
of combustion-based generators. The largest year-over-year increases in TWh of unavailability were observed 
in coal (39.8 TWh increase from 2024 to 2025) and combined-cycle units (19.1 TWh increase from 2024 to 
2025). Combining this information with each type of unit’s installed net maximum capacity and WEFOR 
identifies coal-fueled generators as being of more concern than others. 
 

Table 2: 2024 vs. 2025 Year-Over-Year Forced Unavailability Comparison 

Primary Fuel Type Change in GWh12 2024 WEFOR 2025 WEFOR 

Gas - Steam Turbine 8,772 19.2% 22.4% 

Gas - Simple Cycle Combustion Turbine 5,938 20.7% 22.8% 

Gas - Simple Cycle w/Heat Recovery Steam 
Generator (HRSG) 

-203 7.7% 7.0% 

Combined Cycle 19,154 4.2% 5.7% 

Coal 39,835 11.2% 14.1% 

Oil - Steam Turbine 1,857 24.6% 25.6% 

Oil - Combustion Turbine 2,427 48.2% 69.4% 

Hydro -3,171 8.4% 7.7% 

Nuclear -3,862 2.7% 2.2% 

Other -2,308 11.1% 8.4% 

Total/Overall 68,440 7.6% 9.2% 

 
12 Measured by WEFOR numerator: 
 ∑(([𝐹𝑜𝑟𝑐𝑒𝑑 𝑂𝑢𝑡𝑎𝑔𝑒 𝐻𝑜𝑢𝑟𝑠] + [𝐸𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝐹𝑜𝑟𝑐𝑒𝑑 𝐷𝑒𝑟𝑎𝑡𝑒 𝐻𝑜𝑢𝑟𝑠]) ∗ [𝑁𝑒𝑡 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦]) 
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To identify possible commonalities, the owners of 41 generators that had a year-over-year increase of at least 
1 TWh13 of unavailability were asked to voluntarily provide additional context to their 2025 GADS data by 
NERC and the Regional Entities. Of those contacted, responses for 26 generators were provided, which 
identified several key insights to drive further investigation: 

• Sixteen of the units experienced equipment destruction extensive enough to significantly prolong 
their 2025 outage(s). 

• Eight of the units indicated that supply chain constraints significantly prolonged their 2025 outage(s). 

▪ Constraints were all indicated as occurring at the manufacturer; however, constraints may have 
occurred deeper into the supply chain unknown to the Generator Owner (GO). 

▪ Constraints identified included being unable to obtain materials for the repairs, challenges 
locating part specifications, inexperienced project management, and lack of staff to perform the 
work. 

• Six of the units indicated complete or partial turbine blade release or vibration, which, upon further 
inspection, would have likely resulted in eventual release. 

• Multiple units14 leveraged the forced outage downtime to perform additional maintenance and 
inspections. Some indicated that these actions also extended the duration of the outage(s) but 
resulted in future benefits by either functionally moving up scheduled outages or identifying 
opportunities to prevent future outages. 

 
After entity responses were evaluated, cause code components were also evaluated by an approximated 
MWh of forced capacity reduction since 2016. The largest groups were then trended to identify which ones 
had the largest and/or most consistent increases, with the following component groups being identified: 

• Catastrophe: Increases over prior year in 2017, 2020, and 2024 

▪ Largely driven by an increase in use in 2020 because of COVID-19. NERC directed reporters to 
utilize this code for outages relating to the pandemic at that time prior to the addition of a more 
appropriate cause code. 

▪ 2017 and 2024 increases were higher than usual but would not have warranted inclusion on 
their own. 

• Turbines (High, Intermediate, and Low Pressure): Increases over prior year in 2017, 2020, 2023, and 
2025 

▪ All three individual turbine component groups were independently identified and represent the 
largest, most consistently increasing group if combined. 

• Regulatory: Increases over prior year in 2017, 2018, 2019, 2022, 2023, and 2025 

▪ Most consistently increasing component group. 

▪ Initial analysis did not indicate any alignment with a particular policy objective, with both 
decreases and increases throughout various governmental phases. 

 
13 Year-over-year variation in MWhs of unavailable generation was used intentionally used in lieu of WEFOR or a single year’s 

MWhs of unavailable generation. This was to focus on units that experienced issues starting in or shortly before 2025 and were 
most impactful to the overall annual WEFOR. A cutoff was applied to limit overall industry burden and receive a processable 
amount of input given the timeframe while also being a large enough group to identify common issues. The exact 1 TWh 
amount provided a clean cut point with a sufficient population but was ultimately arbitrary. 

14 Because this specific information was not directly requested and this is a common industry practice, an exact number of units is 
not available. 
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• Safety: Increases over prior year in 2018, 2020, 2022, and 2025 

• Nox Reduction Systems: Increases over prior year in 2017, 2018, 2022, and 2025 

• Boiler Fuel Supply to Bunker: Increases over prior year in 2017, 2020, 2022, 2024, and 2025 
 

Further data analysis of these component groups and investigation into the underlying cause codes and 
submitted verbal descriptions are necessary. 
 
The results of this analysis align with, but do not prove, industry assertions concerning coal and combined-
cycle units. Most large coal units are over 40 years old and are expected to be retired in the relatively near 
future. These large coal and combined-cycle units were not designed for regular cycling, which has become 
an operational requirement in some areas and a necessity to maintain economic viability in others. These 
factors compound to increase the likelihood of failure over time and act to reduce the incentive to prioritize 
expensive restoration. Recent Federal Power Act section 202(c) emergency energy orders requested through 
the Department of Energy (DOE) have also received mixed reception among GOs. These mandates do 
improve system capacity, but that capacity may not be from reliable units. 
 

Related Actions 
 

Recommendations 

• NERC will pursue further analysis and collaborate with the GADS user group (GADSUG) to better 
understand the causes driving this increase in WEFOR. 

• NERC will work with industry to develop specific, measurable reliability indicators for generation 
performance. 

• NERC and the relevant stakeholders should consider adjusting or at least be prepared to adjust 
reserve requirements to account for lower conventional generation availability. 

• GOs should consider bolstering turbine inspection procedures at required intervals. GOs should also 
consider performing these inspections more frequently or when other major maintenance/outages 
provide the opportunity. 

• Regulators should consider implementing alternative operating requirements during energy 
emergencies to ensure that regulations do not hinder BPS reliability during critical periods. 

• GOs should ensure that manufacturers have capability and plan to replace major components in the 
event of failure. 

• Manufacturers should consider immediately increasing the number of trained technical 
maintenance personnel to bolster expertise due to the increasing frequency of outages involving 
major equipment failure and the lack of adequate or sufficiently experienced staff, which was cited 
multiple times. 

• Manufacturers should verify material procurement and processing capabilities. 
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Demand Growth and Large Load Integration Challenges 
Continue 

Recent events involving data centers and cryptocurrency mining facilities continue to demonstrate the 
importance of improving industry’s understanding of these loads’ characteristics and risks as well as the 
considerations and mitigations needed to reliably integrate them into the BPS. 

In a February 2025 event in the Eastern Interconnection, 1,800 MW of data center CILR occurred due to a 
transmission fault. An additional Eastern Interconnection event in February 2025 resulted in 428 MW of data 
center CILR. Similar Eastern Interconnection events were observed in March 2025 (227 MW of data center 
CILR), May 2025 (540 MW of data center CILR), and June 2025 (1,300 MW of data center CILR). ERCOT 
continues to experience cryptocurrency mining facility CILR events with nine events occurring in 2025 in 
which at least 100 MW of CILR occurred from computational load facilities.15 Figure 3 provides a summary 
of the Eastern Interconnection and ERCOT data center and cryptocurrency mining facility events. 

Figure 3: Customer-Initiated Load Reduction Events 

Figure 4 provides a breakdown of the large CILRs tracked in ERCOT since 2023. Compared to 2023, the 
number of events in 2024 and 2025 increased, without indicating improvement. Most events were large 
computational load events; however, several non-computational load events did occur. 

15 See the Incident Review: Considering Voltage-Sensitive Crypto Load Reductions for an analysis of cryptocurrency mining facility 
ride-through events in ERCOT. 

https://www.nerc.com/globalassets/our-work/reports/event-reports/incident_review_considering_voltage-sensitive_crypto_load_reductions.pdf
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Figure 4: ERCOT Large Load Ride-Through Events 

These events demonstrate that the reliability challenges from large loads will increase as these facilities 
become more prevalent on the grid. As the size of individual large load facilities increases and if large load 
facilities are located near one another, the sizes of these large load events will likely increase. This could lead 
to measurable frequency or voltage stability issues. It remains important for grid planners and operators to 
understand and study the expected performance of the large load facilities during grid disturbances. For the 
reliability risks to be studied and addressed, load models and study practices that reflect the behavior of the 
large loads and the risks to the BPS are essential. Continued collaboration between large load facility owners 
and operators as well as grid planners and operators is essential to ensure the reliable operation of the BPS. 

Related Actions 

Existing and Ongoing Efforts 

• NERC developed a Large Loads Action Plan to address the BPS risks related to emerging large loads.16

• The Large Loads Working Group (LLWG) continues to provide technical guidance, industry
collaboration, and reliability risk assessment and monitoring for the increasing integration of large
loads. The LLWG has published the following white papers and reliability guideline:

16 Large Loads Action Plan 

https://www.nerc.com/initiatives/large-loads-action-plan
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▪ A white paper discussing the characteristics of emerging large loads and the risks they pose to 
the BPS17 

▪ A white paper discussing the gaps in NERC Reliability Standards and industry practices related to 
emerging large loads18 

▪ A reliability guideline providing industry with the best practices for mitigating BPS risks related 
to emerging large loads19 

• The Load Modeling Working Group (LMWG) continues to address gaps in modeling the dynamic 
characteristics of the emerging large loads. The LMWG’s activities include the following: 

▪ Developed a technical reference guide for industry on modeling data centers for transient 
stability studies 

▪ Endorsed and continues to improve a performance model called Power Electronic Reconnecting 
and Ceasing (PERC1) for modeling data centers in 2025 

▪ Continues to educate industry with workshops and by developing tools to help industry develop 
useful data center models, such as a data center questionnaire20 

• NERC issued a Level 2 Industry Recommendation Alert to address risks related to large loads.21  

• Additionally, NERC issued a Level 3 Essential Actions Alert providing specific actions deemed 
essential to address BPS risks posed by computational large loads,22 including the following: 

▪ Transmission Planners and Planning Coordinators developing requirements for computational 
load modeling data, settings, and parameters 

▪ Transmission Planners and Planning Coordinators focusing on computational load impacts in 
system studies 

▪ Planning Coordinators updating their qualified change definition to reflect the changes that can 
occur to computational loads 

▪ Transmission Operators establishing a commissioning process that ensures operational 
readiness for the integration of large loads 

▪ Transmission Planners and Planning Coordinators implementing actions to ensure that non-
consequential loss of firm computational load does not occur for typically cleared faults 

▪ Transmission Owners taking actions to capture and share fault recording data for computational 
load facilities 

▪ Transmission Operators, Reliability Coordinators, and Balancing Authorities establishing 
interpersonal communication capabilities and joint operating procedures with computational 
loads as well as issuing operating instructions to prevent Bulk Electric System (BES) emergencies 

• NERC hosted a technical conference focused on the BPS risks posed by emerging large loads and the 
mitigations needed to integrate emerging large loads into the BPS.23 

 
17 Characteristics and Risks of Emerging Large Loads 
18 NERC LLWG White Paper - Assessment of Gaps 
19 Risk Mitigation for Emerging Large Loads 
20 Data Center Information Collection Questionnaire 
21 Large Load Interconnection, Study, Commissioning, and Operations 
22 Level 3 Computational Load Alert 
23 02-24-26 Emerging Large Loads Technical Conference 

https://www.youtube.com/watch?v=gdOrZLv6_Qc
https://www.nerc.com/globalassets/who-we-are/standing-committees/rstc/whitepaper-characteristics-and-risks-of-emerging-large-loads.pdf
https://www.nerc.com/globalassets/our-work/guidelines/reliability/white-paper---assessment-of-gaps.pdf
https://www.nerc.com/globalassets/our-work/guidelines/reliability/RG_Risk-Mitigation-For-Emerging-Large-Loads.pdf
https://www.nerc.com/globalassets/who-we-are/standing-committees/rstc/lmwg/data-center-information-collection-questionnaire.pdf
https://www.nerc.com/globalassets/programs/bpsa/alerts/2025/nerc-alert-level-2--large-loads.pdf
https://www.nerc.com/globalassets/programs/bpsa/alerts/level-3-computational-load-alert.pdf
https://www.nerc.com/events/02-24-26-emerging-large-loads-technical-conference
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• NERC posted draft updates to the NERC Rules of Procedure for establishing a new registered entity
for computational load entities. Additionally, the NERC Standards Committee has launched a
standards project to develop Reliability Standards that address the risks posed by computational
loads.

• The frequency response metric will continue to be monitored to measure the response to frequency
events during large load tripping events.

Recommendations 

• The following recommendations are discussed in the LLWG white papers:24

▪ Registered entities should coordinate with large load entities to address the risks posed by
emerging large loads.

▪ Relevant NERC Reliability and Security Technical Committee (RSTC) subgroups (including the
LLWG, the LMWG, the Security Working Group, and the System Protection and Control Working
Group) should continue to assess and address the risks posed by emerging large loads.

▪ Regulators should work with utilities to address the risks posed by emerging large loads.

▪ Policymakers should review interactions between interconnection requirements, existing state
regulations and planning processes, and regional grid operator requirements. Additionally,
policymakers should review requirements for large load customers to provide operational data
and information to Transmission Owners (TO), Transmission Operators (TOP), Transmission
Planners (TP), and other entities.

• NERC registered entities should implement the recommendations provided in the Level 2 Industry
Recommendation Alert and the Level 3 Essential Actions Alert.25

• NERC will continue incident analysis and lessons learned and share findings with industry.

▪ NERC will consider the necessity of mandatory data collection requirements.

• Communication and coordination with the Electric Power Research Institution (EPRI), the Energy
Systems Integration Group (ESIG), large load industry groups, and the electric industry at large should
be continued.

24 Characteristics and Risks of Emerging Large Loads, NERC LLWG White Paper - Assessment of Gaps 
25 Large Load Interconnection, Study, Commissioning, and Operations, Level 3 Computational Load Alert 

https://www.nerc.com/globalassets/who-we-are/standing-committees/rstc/whitepaper-characteristics-and-risks-of-emerging-large-loads.pdf
https://www.nerc.com/globalassets/our-work/guidelines/reliability/white-paper---assessment-of-gaps.pdf
https://www.nerc.com/globalassets/programs/bpsa/alerts/2025/nerc-alert-level-2--large-loads.pdf
https://www.nerc.com/globalassets/programs/bpsa/alerts/level-3-computational-load-alert.pdf
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Resource Mix Transformation 

The BPS and BES continue to experience a rapid resource mix transformation as conventional generation 
retirements continue to be replaced primarily by natural gas and increasing IBR penetration. This reduction 
in conventional resource diversity and increased reliance on variable energy resources continued to pose 
risks and challenge grid operations in 2025. Additionally, the magnitude of BESS helping to smooth solar 
generation coming on-line in the morning and going off-line in the evening has increased, with installed 
capacity roughly matching solar additions last year. 

IBR Reliability Considerations 
As detailed in NERC’s 2025 SOR Overview,26 IBR reliability risks remain a priority as these resources continue 
to grow across the BPS. The primary concern is that some IBRs have unexpectedly reduced or ceased output 
in response to normally occurring grid disturbances, including generator faults, then rapidly resume output 
within minutes. These events are driven by a combination of ride-through performance limitations, inverter 
and plant-level controls, protection systems, and modeling quality deficiencies. Following several major IBR-
driven disturbances since 2017, NERC has pursued numerous activities to mitigate related reliability 
concerns.27 The 2025 SOR identified continued unexpected IBR output reductions following normally 
occurring system disturbances with four events four events exceeding 500 MW reported in 2024 and 16 such 
events reported since 2020.  

Available operational data in 2025 suggests improvements in several key areas. Industry participation in 
model validation and disturbance review activities increased substantially following implementation of the 
alert recommendations. While no major widespread disturbance events associated with previously observed 
common-mode IBR tripping mechanisms were identified during the assessment period, there was a loss of 
1,132 MW due to sub-synchronous oscillation protection tripping generation off, a failure mode previously 
unobserved at this scale. Additionally, rapidly increasing IBR penetration continues to increase operational 
complexity, particularly in regions experiencing reduced inertia, high renewable penetration during light-load 
conditions, or rapidly changing power flow conditions. Throughout 2025 and the first half of 2026, several 
additional major efforts have been undertaken and/or completed as highlighted below.  

IBR-Related Actions 

Existing and Ongoing Efforts 

Level 3 Alert28 
NERC issued Level 3 Alert: Essential Actions for Inverter-Based Resource (IBR) Performance and Modeling to 
TOs, TPs, Planning Coordinators (PC), and currently registered GOs to enhance technical minimum 
requirements, study processes, and improve modeling to mitigate risks posed by IBR performance during 
system disturbances.   

• Essential Action #1: Each TO and TP, in coordination with their PC, should enhance the existing
criteria and policies in their generator interconnection and planning activities, respectively,
with additional technical details and IBR-specific performance criteria. These performance-based
factors help ensure uniform IBR performance both in normal and post-disturbance operations and
include reactive power control, frequency response control, ride-through behavior and post-
disturbance performance, and full use of reactive power capability.

26 2025 NERC State of Reliability - Overview 
27 Quick Reference Guide: Inverter-Based Resource Activities 
28 NERC Level 3 Alert: Essential Actions for Inverter-Based Resource (IBR) Performance and Modeling 

https://www.nerc.com/globalassets/programs/rapa/pa/nerc_sor_2025_overview.pdf
https://www.nerc.com/globalassets/initiatives/inverter-based-resource-activities/ibr_quick_reference_guide_activities.pdf
https://www.nerc.com/globalassets/programs/bpsa/alerts/2023/level-3-alert-essential-actions-ibr-performance-and-modeling.pdf
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• Essential Action #2: Each TP and PC should enhance their modeling and study practices to ensure 
that sufficient study work and model quality verification are performed and documented to reflect 
models that are representative of installed, or to-be installed, equipment by establishing model 
quality and accuracy criteria as well as model performance tests and conformity criteria and by 
enhancing existing criteria used throughout the generator interconnection.   

• Essential Action #3: TOs, TPs, or PCs should perform a detailed review of currently operating IBRs on 
their systems to understand the extent of condition of both real-world performance and accuracy of 
their models.  

• Essential Action #4: Each GO should create and implement processes to help ensure that the models 
used for the evaluation of their design and submitted to TPs and PCs for use in generator 
interconnection and planning processes are accurate and high-fidelity representations of their IBRs.  

 
To follow up on the Level 3 Alert, the ERO has developed an outreach strategy for 2026 to gather information 
about why entities are not adopting essential actions or are reporting substandard performance 
expectations and to address legitimate challenges through clarification of essential actions or, 
where appropriate, through regulatory processes.  
  

New Standards 
Significant reliability gaps associated with modeling are addressed by the updated MOD standards finalized 
in 2025: MOD-026-2,29 MOD-032-2,30 and MOD-033-2.31 Model validation and verification requirements in 
MOD-026-2 improve model accuracy and documentation. Enhancements in MOD-032-2 help ensure that 
validated and verified models are collected and used for both local reliability studies and Interconnection-
wide case creation. Improvements in MOD-033-2 allow PCs to assess individual generator performance 
against their model behaviors as part of system model validation efforts and to remedy discrepancies 
through MOD-032-2 processes.    
  

Inverter-Based Resource Subcommittee and Electromagnetic Transient 
Modeling Working Group  
The Inverter-Based Resource Subcommittee (IRPS) and Electromagnetic Transient Modeling Working Group 
(EMTWG) continue to develop reliability guidelines and white papers to share best practices among industry 
to further reduce IBR risks associated with modeling, studies, commissioning, and testing. Many of these 
risks can be traced back to poor commissioning and testing of IBRs before they enter commercial operation. 
These gaps are addressed in the Draft Reliability Guideline: IBR Commissioning Best Practices32 and an 
upcoming white paper, IBR Equipment EMT Model Validation, which aims to provide model validation 
acceptance criteria, thereby complementing model validation requirements in MOD-026-2 and closing risks 
posed by inaccurate models. 
 

Category 2 Generator Owner Registration33 
On May 18, 2023, FERC issued an order approving the NERC Work Plan filed on February 15, 2023, as 
amended on March 13, 2023, to address registration of IBRs that are connected to the BPS but not within 
NERC’s definition of the BES (referred to hereafter as “Category 2 GO/GOP”). The ERO Enterprise has 
identified and communicated with 531 IBR facilities that meet the Category 2 GO/Generator Operator (GOP) 
registry criteria across all the Regional Entities and are, or planned to be, interconnected as of May 15, 2026. 
 

 
29 MOD-026-2 
30 MOD-032-2  
31 MOD-033-3 – Further revisions have been implemented in 2026. 
32 Draft Reliability Guideline: Commissioning Best Practices 
33 NERC Files IBR Registration Update, Marking Milestone for Grid Reliability 

https://www.nerc.com/standards/reliability-standards/mod/mod-026-2
https://www.nerc.com/standards/reliability-standards/mod/mod-032-2
https://www.nerc.com/standards/reliability-standards/mod/mod-033-3
https://www.nerc.com/globalassets/who-we-are/standing-committees/rstc/0-rstc-agenda-links/draft_rg_ibr_commissioning_best_practices_v2_irps_clean-1.pdf
https://www.nerc.com/newsroom/nerc-files-ibr-registration-update-marking-milestone-for-grid-reliability
https://www.nerc.com/newsroom/nerc-files-ibr-registration-update-marking-milestone-for-grid-reliability
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Beginning on May 15, 2026, entities with identified IBR facilities that meet the Category 2 GO/GOP registry 
criteria were registered and are now subject to compliance with applicable Reliability Standards, as required 
by the IBR Order. As part of the Inverter-Based Resource Registration Initiative, NERC staff developed a 
document identifying the finalized and pending compliance dates for the applicability and enforceability of 
Reliability Standards applicable to Category 2 GO and GOP registrations. As of May 15, 2026, entities 
registered as Category 2 GOs or Category 2 GOPs are required to comply with, as applicable, BAL-001-TRE, 
IRO-010-5, MOD-032-2, PRC-012-2, PRC-017-1, TOP-003-6.1, VAR-001-5, and VAR-002-4.1.  

Additional technical conferences will be pursued to assist in identifying which Reliability Standards must be 
revised to establish applicability to Category 2 IBRs and in which order and grouping they should be 
developed.  

The ERO Enterprise is integrating the new Category 2 GO and GOP registrants into relevant ERO Enterprise 
efforts, including Compliance Monitoring and Enforcement Program activities related to Reliability Standards 
applicable to those entities. The ERO Enterprise will continue to identify and register additional entities that 
meet the Category 2 GO and GOP registry criteria as additional IBR facilities are developed and connected to 
the BPS.  

The completion of the NERC Work Plan represents the conclusion of a substantial three-year ERO Enterprise 
effort to address the risk to BPS reliability posed by unregistered IBR facilities.  

BESS Reliability Considerations 
As the BES resource mix continues to rapidly evolve, BESS penetration has rapidly increased over the past 
several years (see Figure 5) to approximately match solar growth in 2025. This growth is projected to 
continue, requiring observation and analysis of this resource’s capabilities. 

              Figure 5: 2022–2025 Battery and Hybrid Capacity by Interconnection
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Unique Failure Event 
In January 2025, a 300 MW BESS facility experienced thermal runaway during routine testing that ultimately 
resulted in the functional destruction of a previous-generation warehouse-style facility.34 While outages 
internal to the plant regularly occur with other generation resources of similar or greater capacities, the 
permanent, unplanned loss of a non-BESS facility is exceedingly rare. As such, this type of failure represents 
a risk consideration unique to BESS that needs to be taken into consideration as the resource continues to 
expand. Improvements to BESS reliability, thermal runaway mitigation, failure isolation, fire suppression, and 
updates to fire codes have all acted to significantly reduce the likelihood of these events occurring. NERC will 
continue to monitor these failure events, but they do not represent a significant concern to overall system 
reliability at this time. 

Load Curve Smoothing 
BESS is typically installed to take advantage of price differences between high-generation/low-load and low-
generation/high-load conditions. As a result, it provides a smoothing effect that functionally reduces 
expected and unexpected variability from increasingly prevalent wind and solar generation (see Figure 6).  

As a result, conventional generators have more time to come off-line and on-line during the most strenuous 
portions of the day in areas most impacted by as the period when solar resources are going off-line just 
before peak load conditions in the evening. Because many older, larger conventional generators were not 
designed to cycle on- and off-line daily, increasing the ramp period can reduce wear and tear, improving their 
reliability. 

Figure 6: Total Renewables Plus Evening Solar Ramp35 

34 Moss Landing BESS Fire Report Final 12.22.25.pdf 
35 Secondary Y-axis has been shifted and scaled for visual clarity. 

https://www.wecc.org/sites/default/files/documents/progress_report/2025/Moss%20Landing%20BESS%20Fire%20Report%20Final%2012.22.25.pdf


Resource Mix Transformation 

2026 State of Reliability - Overview 
13 

Frequency Response Impacts 
As detailed earlier in the 2025 SOR Overview,36 BESS has demonstrated the capability to rapidly respond to 
frequency disturbances. In 2025, areas with sufficiently dense BESS installations and primary frequency 
response support initiatives continued to demonstrate the resource’s ability to arrest frequency decline and 
restore frequency to deadband more quickly than conventional generators.  

It should be noted that BESS are energy storage resources with limited capacity, typically intended to last a 
few hours. As a result, BESS’s role in frequency disturbance events is ultimately to rapidly recover and 
maintain frequency until additional resources can come on-line for indefinite system support. This 
introduces a functional limitation during long-term widespread system degradation events, meaning that 
BESS is not a complete solution for events like major winter storms. 

BESS-Related Actions 

Recommendations 

• BESS data collection and sharing value and viability are being evaluated by NERC’s Performance
Analysis team.

• NERC encourages BESS facilities to provide information on services that they are providing with
relevant parties.

• NERC encourages policymakers to consider revisions to fire codes if they have not already.

• NERC will continue to monitor BESS performance and major events for risks.

• In November 2025, ERCOT stakeholders approved Nodal Operating Guide Revision Request 272 and
Planning Guide Revision Request 121. These revisions require new BESS resources with a standard
generation interconnection agreement (SGIA) date on or after April 1, 2026, to demonstrate the
capability of providing advanced grid-support (grid-forming) functions as well as to provide
appropriate models for these functions.

36 2025 NERC State of Reliability - Overview 

https://www.nerc.com/globalassets/programs/rapa/pa/nerc_sor_2025_overview.pdf
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Industry Mitigation Actions 

Performance data reported to NERC enables a risk-based approach to reliability management across major 
emerging reliability issues prior to the creation of formal reliability indicators. Current areas of focus include 
severe weather, conventional generator performance, large loads, BESS, and IBRs (see Table 3). In response 
to these evolving risks, industry and the ERO Enterprise implemented a broad range of mitigation activities 
throughout 2025 detailed in the body of this report.  

In addition to these top priorities, more cautionary mitigation activities included more conservative 
operating practices during stressed and cold-weather conditions, increased use of probabilistic and all-hours 
reliability assessments, improved model validation requirements, transmission planning resilience analysis 
for extreme weather events, and new planning and operational guidance associated with load-pocket 
reliability risks.  

Table 3: Monitoring Emerging Trends and Mitigation Resolution 

Monitored 
Reliability 
Challenge 

Key Measures 
Tracked 

2025 Trends 
Mitigation 

Effectiveness 
Indicators 

Indicators that 
Additional 

Attention is 
Required 

Increasing 
Incidence of 

Severe 
Weather 

Severity risk index 
(SRI), transmission 

outages, restoration 
duration, MVA-days 

lost, load loss 

Worst SRI days remained 
within historically 

favorable ranges; overall 
weather conditions 

considered favorable  

Reduced outage 
severity, faster 

restoration, 
lower 

cumulative SRI 

Increasing high-
SRI days, longer 

restoration times, 
larger correlated 

outages 

Generator 
Forced 

Outage and 
Performance 

Trends 

Annual/monthly 
WEFOR, fuel-specific 

outage rates, 
unavailable MWh, 
seasonal outage 

spikes 

Overall WEFOR increased 
to 9.2%; coal 11.2% to 

14.1% (39.8 TWh 
change), combined cycle 
4.2% to 5.7% (19.1 TWh 

change) 

Improved winter 
performance, 

reduced outage 
severity during 
extreme events 

Elevated WEFOR, 
correlated winter 

outage spikes 

Reliable 
Large Load 
Integration 

Peak demand 
growth, frequency 

response, load 
forecast error, 
transmission 

constraints, CILR 

Annual energy demand 
increased to ~4.95 

million GWh; actual 
summer peak higher than 

forecast; two CILRs 
exceeding 1,000 MWs 

Stable 
frequency 

performance, 
improved 

operational 
visibility 

Rapid localized 
demand growth, 

frequency 
volatility, 
planning 

uncertainty 

Reliable BESS 
Integration 

and 
Performance 

Frequency arrest 
performance, 

recovery speed, 
BESS availability 

BESS deployment 
approximately matched 
solar growth; improved 
fast frequency response 
performance observed 

when incentivized in 
high-BESS areas 

Improved 
frequency 
recovery, 

successful grid-
forming 

performance 

Thermal 
runaway/fire 

events, duration 
limitations, 

unavailable BESS 
capacity 

Reliable IBR 
Integration 

Ride-through 
performance, rate-

of-change-of-
frequency (RoCoF), 

IBR trip events, 
model validation 

Expanded IBR mitigation 
activities continued 

through 2025 

Reduced 
disturbance-

related tripping, 
improved model 

accuracy 

Weak-grid 
instability, 

repeated tripping 
events, model-
performance 
divergence 
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Hydropower generation expected to recover despite snow drought in the West
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In our April Short-Term Energy Outlook (STEO), we expect U.S. hydropower generation will increase by 5% in 2026 but remain 1.8% below the 10-year
average following snow drought conditions in some states. Hydropower generation in 2025 increased to 245 billion kilowatthours (BkWh), about 4 BkWh
more than the record-low generation year 2024. In 2026, we expect generation will be 259 BkWh, which would represent 6% of U.S. electricity generation.

Seasonal precipitation in the form of rain and snowpack accumulation are the two main factors that help predict water supply and hydropower generation.
Seasonal precipitation influences soil moisture, and moister soil helps to preserve the snowpack, which in turn acts as a natural reservoir.

According to data from the Western Regional Climate Center , precipitation levels across the western United States have been mostly normal. However,
many states in this region have experienced record warm winter temperatures leading to snow drought conditions . A heat wave in March  affecting much
of the western United States also led to early snowmelt especially around California, the Southwest, and portions of the Northwest. These conditions will
likely affect hydropower generation, as less water supply is expected in the spring and summer months.

Northwest
The Columbia River Basin in the Northwest region contains more than one-third of U.S. hydropower capacity and generates enough electricity to power over
4 million homes. Changes in water supply in the Northwest can affect the use of other electricity-generating fuels in the region, such as natural gas, and can
affect electricity trade with neighboring areas.

We expect hydropower generation in the Northwest and Rockies region to be 125 BkWh, which is a 17% increase compared with 2025 and 4% less than the
10-year average. Hydropower generation in December 2025 and January 2026 was unusually high due to a series of atmospheric rivers that led to
devastating flooding in the region. Our hydropower forecast is informed by the water supply outlook from the National Oceanic and Atmospheric
Administration’s Northwest River Forecast Center .
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California
We forecast hydropower generation in California to be 28.5 BkWh in our April STEO, which is 6% less than last year’s generation but 15% more than the 10-
year average.

As of April 1, reservoir levels  in most major reservoirs in California were above the 30-year historical average for this time of year. The two largest
reservoirs in the state, Shasta and Oroville, were at 114% and 124% of the historical average, respectively. The state of California also experienced three
consecutive weeks of no drought or drier than normal conditions. However, according to the California Department of Water Resources, snowpack conditions
as of April 1  were well below normal with Northern Sierra Nevada at 7%, Central Sierra at 25%, and Southern Sierra at 39%. Additionally, warmer-than-
normal temperatures in March led to some early snowmelt across the state.

Principal contributor: Lindsay Aramayo
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DOE's Use of Federal Power
Act Emergency Authority

Under Federal Power Act (FPA) section 202(c), during the continuance of a

war in which the United States is engaged or when an emergency exists by

reason of a sudden increase in the demand for electric energy, or a shortage of

electric energy, or of facilities for the generation or transmission of electric

energy, or of the fuel or water for generating facilities, or other causes, the

Secretary of Energy may require by order temporary connections of facilities,

and generation, delivery, interchange, or transmission of electricity as the

Secretary determines will best meet the emergency and serve the public

interest. 16 U.S.C. § 824a(c).

All public comments and requests related to FPA section 202(c) should be

sent via email to AskCR@hq.doe.gov. Information that the sender deems

sensitive and not eligible for public release should be marked accordingly, and

both a public (redacted) and non-public version of such materials should be

submitted. Additional information about 202(c) procedures, if necessary, will

be announced on this page.

The provision of this process for submission of correspondence or comments

on any pending application is for purposes of ensuring the receipt by the

appropriate office and personnel within the Department. Establishment of this
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An official website of the United States government Here's how you know

10/9/26, 8:56 AM DOE's Use of Federal Power Act Emergency Authority | Department of Energy

https://www.energy.gov/ceser/does-use-federal-power-act-emergency-authority 1/6

https://www.energy.gov/ceser
https://www.energy.gov/ceser/does-use-federal-power-act-emergency-authority
https://www.energy.gov/ceser/does-use-federal-power-act-emergency-authority
https://www.energy.gov/ceser/does-use-federal-power-act-emergency-authority
https://www.energy.gov/
https://www.energy.gov/


email address does not establish a “docket,” and those submitting

correspondence do not constitute parties or intervenors to any proceeding.

Further, submission of correspondence to the Department does not in any way

limit or prevent the ability of the Secretary to act on any application, or

pursuant to section 202(c) without application, in any way and at any time as

he or she deems appropriate.
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1, 2025 to Dec. 31, 2025
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Numbering Scheme Information

Beginning in 2022, the Department modified the numbering scheme

associated with its section 202(c) emergency orders. Prior to 2022,

emergency orders followed a fiscal year timeline, whereas since the beginning

of 2022, emergency orders have aligned with the calendar year.  For example,

202(c) orders issued from Jan.

1, 2022 to Dec. 31, 2022

202(c) orders issued from Jan.

1, 2021 to Dec. 31, 2021

Learn More

2020 DOE 202(c)
Orders

202(c) orders issued from Jan.

1, 2020 to Dec. 31, 2020

Learn More

DOE 202(c) Orders
Issued Prior to
2020

DOE 202(c) orders issued prior

to 2020
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Committed to Restoring America’s Energy Dominance.
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Contact Us Careers
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Budget & Performance Directives, Delegations, &
Requirements

Freedom of Information Act (FOIA) Inspector General

Privacy Program

Federal Government

USA.gov The White House

a 202(c) emergency order issued in November 2017 is identified as Order No.

202-18-1 and an order issued in December 2022 is identified as Order No.

202-22-3.
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