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UNITED STATES OF AMERICA
BEFORE THE UNITED STATES DEPARTMENT OF ENERGY

Federal Power Act Section 202(c)
Emergency Order TransAlta Order No. 202-25-11
Centralia Generation

DECLARATION OF THOMAS MIDDLETON
IN SUPPORT OF
MOTION TO INTERVENE, REQUEST FOR REHEARING,
AND MOTION TO STAY BY STATE OF WASHINGTON

I, Thomas Middleton, declare under penalty of perjury under the laws of the state of
Washington that the following is true and correct:

1. I submit this declaration in support of the State of Washington’s standing to
challenge United States Department of Energy Order No. 202-25-11 (“Order”™). See Ex. 1.1
make this declaration of my own personal knowledge, unless otherwise indicated.

2. Tamnow and at all times mentioned have been a citizen of the United States and a
resident of the state of Washington, over the age of 18 years, competent to make this
declaration, and I make this declaration from my own personal knowledge and judgment. 1
submit this declaration in support of motions to challenge the Order.

3. Tam currently employed by the Washington State Department of Ecology
(Ecology) as a hydrogeologist and cleanup site manager in the agency’s Toxics Cleanup
Program. I hold Bachelor of Arts and Master of Arts degrees in Geological Sciences from the
State University of New York at Buffalo. I have been practicing as a hydrogeologist since 1991
and have worked for Ecology’s Toxics Cleanup Program over the past 18 years. The mission
of Ecology’s Toxics Cleanup Program is to protect human health and the environment by

investigating and cleaning up sites contaminated with hazardous substances.
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4.  About 14,000 sites in Washington are known or suspected to be contaminated with
hazardous substances. Ex. 52-1 (Washington Department of Ecology, Model Toxics Control

Act, Model Toxics Control Act - Washington State Department of Ecology (last visited

January 5, 2026)). Ecology’s Toxics Cleanup Program addresses contamination at these sites
through agreed orders, enforcement orders, and consent decrees issued under the authority of
the Model Toxics Control Act (MTCA), Chapter 70A.305 RCW. MTCA orders and decrees
govern the investigation of contamination at cleanup sites and the development of cleanup
action plans that remediate contamination.

5. Aspart of my work for the Toxics Cleanup Program, I am frequently involved in
efforts to develop and implement MTCA orders and decrees that remediate the harm that
contamination from hazardous substances causes in the state of Washington. That work
typically includes investigating cleanup sites to characterize the nature, location, and extent of
contamination, developing plans to remediate contamination, and overseeing the
implementation of actions to clean up hazardous substances.

6.  The TransAlta Centralia Steam Plant (“Plant™) is a site contaminated with
hazardous substances and subject to the requirements of MTCA. Contamination at the Plant
results from operation of coal-fired boilers to generate electricity since 1971. T am the site
manager for the MTCA investigation and cleanup at the TransAlta Centralia Steam Plant site.
As site manager, [ work with a team of scientists and engineers at Ecology to determine the
nature, location, and extent of hazardous substances at and around the Plant. I also work with
this team and with TransAlta’s staff and consultants to develop plans to investigate and clean
up hazardous substances located at and around the Plant.

7. Aspart of a 2011 Memorandum of Agreement executed with the State of
Washington, TransAlta agreed to cease coal-burning operations in 2025 and conducted a series
of investigations at the Site to characterize potential contamination from hazardous substances.

The investigations found that soil at the Site contained concentrations of arsenic, barium,
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cadmium, copper, selenium, and zinc in soil above applicable MTCA cleanup levels. Ex. 52-2

at 6 (State of Washington Department of Ecology, Agreed Order No. DE24235 (Dec. 29,
2025)). The investigations also found the following nine contaminants of concern above
MTCA cleanup levels for groundwater: arsenic, chromium, copper, manganese, selenium, zinc,
I-methylnapthalene, total petroleum hydrocarbons, and vinyl chloride. 7d. Finally, the
investigations found that sediment at the Site contains concentrations of arsenic, cadmium,
chromium, mercury, nickel, and selenium above applicable MTCA cleanup levels. 7d.
Contamination from hazardous substances documented in the investigations results from the
Site’s use as a coal-fired generation facility from 1971 to 2025. /d. at 3.

8. In December of 2025, TransAlta and the State of Washington executed an Agreed
Order (AO) to recognize TransAlta’s plan to cease coal-fired generation and to begin the
cleanup of hazardous substances at and around the Plant. The AO directs the cleanup of
hazardous substances documented in the investigations and provides for an investigation of
hazardous substances in the area surrounding the Plant. Operation of the coal-fired boiler and
smokestack at the Plant likely caused aerial deposition of hazardous substances, including
dioxin and furans, mercury, heavy metals, and carcinogenic polycyclic aromatic hydrocarbons,
in these areas near the Plant. The area surrounding the Plant includes the City of Centralia,
which is approximately five miles west of the Plant, and had a population of 19,061 people in

2024. Ex. 52-3 (United States Census Bureau, Quick Facts Centralia, WA, U.S. Census Bureau

QuickFacts: Centralia city, Washington). The Centralia Micropolitan Statistical Area stretches

from Centralia, west of the Plant, to Packwood, Washington, southeast of the Plant, and is
home to approximately 83,925 people. Ex. 52-4 (Data USA, Centralia, WA Metropolitan

Statistical Area, Centralia, WA | Data USA). These small towns and rural communities are not

financially or technically equipped to address widespread contamination of hazardous

substances.
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9.  Since beginning operations in 1971, the TransAlta Centralia Steam Plant has
utilized electrostatic precipitators (ESPs) on its smokestacks to capture some of the air
pollutants produced from combustion of coal. In 2011, TransAlta added activated carbon to its
flue gas treatment system to reduce mercury in emissions. However, even when coal plants use
pollution control technologies such as ESPs and flue gas treatment systems, emissions from
those plants contain some amounts hazardous air pollutants like heavy metals, mercury,
dioxins, and polycyclic aromatic hydrocarbons. Ex. 52-5 at 28 (Environmental Health &
Engineering, Inc., Emissions of Hazardous Air Pollutants from Coal-Fired Power Plants (Mar.
2011)). In addition, the ESPs at the TransAlta Centralia Steam Plant require the coal plant to
run and reach full heat before they can be used, which can take multiple hours. Thus, pollution
control technologies at the Site have not prevented releases of hazardous substances from the
smokestacks in the past and will not prevent air pollutants from leaving the smokestack
(especially during this start-up period) in the future where the Plant is operating in accordance
with the Order.

10.  Air pollution released from a smokestack results in aerial deposition of those
hazardous substances which can travel over long distances. The hazardous substances are
deposited on surfaces (lawns, streets, gardens, etc.) or washed out of the atmosphere in rain or
snowfall. Where the aerial deposition ends up in soil (e.g., lawns, parks, schoolyards), it puts
people at risk, especially children whose bodies are still developing and because they are more
likely to have contact with dirt and then ingest it (e.g., eating with dirty hands, putting dirty
toys in their mouths, or rubbing their eyes with dirty hands).

11.  The hazardous substances which Ecology has data showing were released from the
Plant are dioxin and furans, mercury, heavy metals, and carcinogenic polycyclic aromatic
hydrocarbons. Each of these are listed on the CERCLA Hazardous Substance List and are also
considered a hazardous substance under MTCA and pose a risk to human health and the

environment. For example, dioxin and furans are persistent environmental pollutants, are
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highly toxic and can cause cancer, reproductive and developmental problems, damage to the
immune system and can interfere with hormones. Mercury exposure poses significant health
risks for which pregnant women and infants are particularly at risk as mercury can affect fetal
development and infant health. Polycyclic Aromatic Hydrocarbons (PAHs) have a range of
serious health risks from various cancers, respiratory and cardiovascular diseases, reproductive
health problems and more.

12. The purpose of MTCA is to identify, investigate, and cleanup facilities where there
has been a release of a hazardous substance. MTCA does not require a threshold amount of
contamination to trigger investigation and cleanup requirements. See PacifiCorp Envtl.
Remediation Co. v. Dep’t of Transp., 162 Wn. App. 627, 658 (2011) (“no minimum level of
hazardous substance is required to trigger MTCA liability” (quoting Seattle City Light v. Dep't
of Transp., 98 Wn. App. 165, 172 (1999))). Ecology will ensure that the release will be
investigated and cleaned up to the standards set forth in the MTCA statute and regulations. For
this facility, Ecology has identified a release of hazardous substances through past operations
of the Plant, and a threat of release through future operation of the Plant — in particular from its
smokestacks during the ESP start-up period and during normal coal-burning operations while
the ESPs operate.

13.  Continued use of the coal-fired boiler and smokestacks at the Plant would conflict
with Ecology’s MTCA cleanup at and around the Plant. The plan to convert the Plant to natural
gas provided an opportunity for TransAlta and Ecology to perform depositional surveys and
chemometric tracing in the areas surrounding the Plant. These surveys would determine the
extent and location of contamination from hazardous substances emitted from the Plant’s
smokestacks. If the Plant continues to burn coal and emit hazardous substances, the
remediation of hazardous substances that follows would be rendered meaningless because

hazardous substances would continue to be deposited after the MTCA work is complete. This
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would result in recontamination of the areas surrounding the Plant, which would interfere with
the MTCA cleanup.

14. Continued aerial deposition of hazardous substances that would occur under the
Order would also conflict with the MTCA cleanup effort because it could result in hundreds or
even thousands of additional potentially liable parties (PLPs). Under MTCA, the current owner
or operator of a “facility” is a liable party — and “facility” is defined as the area where a
hazardous substance has come to be located. So, in the case of aerial deposition of hazardous
substances, the “facility” (more commonly referred to as the Site) includes all properties where
that hazardous substance has landed. As a MTCA liable party, property owners are strictly,
jointly, and severally liable for contamination located on their property and elsewhere within
the Site. Ecology is responsible for reviewing credible evidence and identifying potentially
liable parties for a Site. If the Plant continues to burn coal and emit hazardous substances
through its smokestacks, these hazardous substances will continue to be located on privately
owned property in residential and commercial areas surrounding the Plant. Determining
liability and responsibility for cleanup of hazardous substance with so many additional PLPs is
a difficult and time-consuming process that could interfere with MTCA cleanup plans and
timelines. Similar situations involving widespread aerial deposition of contaminants, such as
the ASARCO Tacoma smelter plume, have affected thousands of properties and taken decades
and millions of dollars to clean up, with some contamination still existing today. Thus,
continuing to burn coal at the Plant under the Order would conflict with the MTCA
investigation and cleanup that Ecology is currently working on.

15.  Continuing to burn coal under the Order would also conflict with Ecology’s
MTCA investigation and cleanup of the settling ponds at the Plant. The Plant uses settling
ponds to contain byproducts from burning coal and many of these byproducts include
hazardous substances subject to MTCA. Converting the Plant to a facility that burns natural

gas would allow TransAlta to decommission the settling ponds, allowing for investigation and
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remediation of the ponds pursuant to MTCA. However, continuing to burn coal at the Plant

would require TransAlta to continue using the settling ponds, preventing TransAlta and
Ecology from performing cleanup of the ponds under MTCA. Failure to remediate hazardous
substances in the settling ponds could pose risks related to groundwater contamination, though
further investigation under MTCA is necessary to fully characterize the extent of such risk.

16.  Ecology strongly opposes the Order. The Order would allow hazardous substances
to continue to be released at the TransAlta Centralia Steam Plant and impact the area
surrounding it. Continued aerial deposition of hazardous substances from combustion of coal
poses health risks to Washingtonians and would hinder the State’s current MTCA cleanup
effort. Continuing to burn coal under the Order would also interfere with MTCA cleanup of the
settling ponds at the Plant, creating potential risks to groundwater. Thus, Ecology opposes the
order due to the risks it poses to Washingtonians and its conflict with the MTCA investigation
and cleanup of the Plant,

I state under penalty of perjury under the laws of the United States of America that the

foregoing is true and correct to the best of my knowledge and belief.

DATED this / .ZM day of January, in O/}/Mﬁ}m , Washington.

THOMAS MIDDLETON
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Model Toxics Control Act

The Model Toxics Control Act (MTCA) is Washington's environmental cleanup law. MTCA funds and directs the investigation, cleanup,
and prevention of sites that are contaminated by hazardous substances. It works to protect people’s health and the environment,
and to preserve natural resources for the future.

There are about 14,000 known or suspected contaminated sites in Washington — and the list keeps growing. Thanks to cleanup
efforts funded by MTCA, more than 7,700 of these sites are already cleaned up or require no further action.

The Hazardous Substance Tax helps pay for this cleanup work. Voters approved a tax on hazardous substances (such as petroleum
products, pesticides, and other chemicals) to pay for cleanups. Under MTCA, we might also recover penalties or require polluters to
pay for cleanups and our oversight.

Rules and policies put MTCA into action. We've developed rules and policies that set cleanup standards and other requirements.
These make sure cleanups protect your health and the environment.

The Toxics Cleanup Program is one of several Ecology programs that receive funds from MTCA. The Toxics Cleanup Program has
primary responsibility for implementing and enforcing MTCA. They develop MTCA's rules, policies, and guidance, and oversee or
manage most of the cleanups in Washington. They also manage a grant program that helps local governments clean up
contaminated sites in their communities so they can put abandoned properties back into use.

| want to...

Learn more about the Hazardous Substance Tax
Subscribe to the Contaminated Site Register for updates on MTCA policies and cleanups @
Learn about other types of hazardous waste and toxic cleanups

MTCA is Washington's cleanup law

The Model Toxics Control Act (MTCA) is one of several environmental laws in Washington. Known as the state’s cleanup law, MTCA
governs the cleanup and prevention of contaminated sites that can threaten people’s health and the environment.

MTCA's main purpose is “to raise sufficient funds to clean up all hazardous waste sites and to prevent the creation of future hazards
due to improper disposal of toxic wastes into the state’s lands and waters.” (RCW 70A.305.010 @).

MTCA evolved from citizens' Initiative 97 in 1988 and became law in 1989. It's been substantially amended more than 20 times (most
recently in 2019) but its key principles remain in place today:

Polluter pays

Cleanups should be as permanent as possible

Public participation is crucial

Processes should demonstrate a bias toward action, permanence, and innovation

What is a hazardous site?

We often use the terms site, hazardous site, cleanup site, and contaminated site interchangeably. A site is where we've confirmed
one or more releases (or threatened release) of a hazardous or dangerous substance that needs to be cleaned up. There are about
14,000 known or suspected contaminated sites in Washington. MTCA helps us address them.

How is MTCA funded?

Taxes. Voters authorized a tax on hazardous substances to help pay for cleanups.

Cost-recovery. We recover cleanup costs from potentially liable persons.
Penalties. We collect or recover penalties under the MTCA law.
Other sources. The state Legislature may transfer other funding for cleanup work.



Revenues from these sources are deposited into three accounts: MTCA Operating Account, MTCA Capital Account, and MTCA
Stormwater Account. Collectively, these are called the MTCA accounts. Learn how we're using these funds in our reports to the
Legislature.

Why is MTCA important?

More than 7,700 contaminated sites in Washington have been cleaned up with MTCA funds and collection authority since it became
law in 1989. That's more than half of the state's 14,000-plus cleanup sites. MTCA's role is becoming even more essential because
between 200 to 300 new sites are reported each year.

MTCA powers our work to investigate, clean up, and prevent hazardous waste. Cleanups protect people’s health by removing toxic
chemicals from the environment, like arsenic from playground soil or methane gas from a solid waste landfill. Cleanups
preserve wildlife habitat for future generations, spur new economic developments, and put abandoned properties back into use.

MTCA — and every person involved in a cleanup — make these transformations possible.

How do we put MTCA into action?

We developed regulations (called “rules”) to implement the Model Toxics Control Act. They set standards and requirements for
contaminated site cleanups. Rules ensure that cleanups are protecting people’s health and environment. If you're cleaning up a
contaminated site in Washington, you'll need to meet the requirements of:

Model Toxics Control Act (MTCA)_- Chapter 70A.305 RCW & (MTCA law)
MTCA Cleanup Regulations - Chapter 173-340 WAC® (MTCA rule, also known as the MTCA Cleanup Rule)
Sediment Management Standards - Chapter 173-204-WAC @ (SMS rule, also known as the Sediment Cleanup Rule)
Remedial Action Grants and Loans - Chapter 173-322A WAC & (RAG rule)
Dangerous waste cleanups and management also need to comply with Washington's hazardous waste management law @ and
dangerous waste regulations .

We have policies and guidance to help you meet these requirements.

What's the difference between the MTCA and SMS rules?

MTCA Rule (Cleanup Rule)

SMS Rule

MTCA Cleanup Regulations @ (also called the MTCA Cleanup Rule) applies to all cleanups, whether they're upland cleanups on land
or in groundwater, or sediment cleanups in freshwater or marine environments. We published the first MTCA Cleanup Rule in 1991.
We are updating this rule in a series of rulemakings that will take several years to complete. In 2023 we completed the first
rulemaking, which focuses on procedures for conducting cleanups. Learn more at Chapter 173-340 WAC rulemaking and updating
the cleanup rule.

Programs and agencies with MTCA regulatory oversight

Programs and Agencies

Toxics Cleanup Program has primary responsibility for implementing and enforcing the Model Toxics Control Act. The program
develops rules and guidelines that govern cleanups. It manages the Remedial Action Grant program that funds cleanups by local
governments. It also oversees or manages most cleanups in Washington.

Hazardous Waste and Toxics Reduction Program oversees cleanups of releases from hazardous waste treatment, storage, and
disposal facilities that are regulated under the Hazardous Waste Management Act (Chapter 70A.300 RCW ). They also manage
dangerous waste permits.

Solid Waste Management Program oversees cleanups of releases from permitted landfills and large industrial facilities — such as
pulp and paper mills, aluminum smelters, and petroleum refining — and distribution systems.

Nuclear Waste Program ensures that cleanup of contaminated sites on the Hanford Nuclear Reservation is consistent with state law.



Pollution Liability Insurance Agency & provides technical assistance to people who independently clean up sites contaminated by
petroleum from leaking heating oil tanks. This includes written opinions on sufficiency of cleanups based on MTCA standards. In
2017, the legislature authorized PLIA to expand its existing technical assistance program to include other petroleum storage tank
sites we identify. (House Bill 1266 &).

Find cleanup policies and guidance
MTCA Resources

TCP's policies and guidance interpret the MTCA rule and provide best management practices for conducting successful cleanups.

MTCA legislative reports: Biennial Reports describe how we spent MTCA funds over the past two years. Ten-Year Financing Reports
describe cleanup financing needs in the next ten years. Cleanup Settlement Account Reports describe how we're using money from
legal settlements and court orders for specific sites and restorations.

How the cleanup process works summarizes MTCA's cleanup steps. The fact sheet Process for cleanup of hazardous waste sites &
provides more details.

Private right of action @ gives steps for persons intending to recover cleanup costs from other liable persons under MTCA.

The Contaminated Site Register provides updates on MTCA policies and cleanup activities. Subscribe or download back issues @.

How we developed MTCA standards and selected cleanup actions

Focus on: Washington's envrionmental cleanup law & (rev. 2018)
Developing ground water cleanup standards & (2005)
Developing surface water cleanup standards & (2005)
Developing soil cleanup standards @ (2005)

Developing air cleanup standards @ (2005)

Related links

Hazardous Substance Tax

MTCA cleanup process

MTCA Cleanup Rule updates

Cleanup and Tank Search: Find contaminated sites in Washington
Contaminated Site Register & site lists

Contact information

Sarah Wollwage
Policy & Technical Support Unit
360-481-9101
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1. Introduction

The mutual objective of the State of Washington, Department of Ecology (Ecology) and
TransAlta Centralia Generation LLC (TransAlta) under this Agreed Order (Order) is to provide for
remedial action at a facility where there has been a release or threatened release of hazardous
substances. This Order requires TransAlta to conduct a remedial investigation and feasibility
study, develop a draft cleanup action plan, and implement the final cleanup plan for the Site.

Ecology believes the actions required by this Order are in the public interest.

2. Jurisdiction
This Order is issued pursuant to the Model Toxics Control Act (MTCA), RCW 70A.305.050(1).

3. Parties Bound

This Agreed Order shall apply to and be binding upon the Parties to this Order, their successors
and assigns. The undersigned representative of each Party hereby certifies that he or she is fully
authorized to enter into this Order and to execute and legally bind such Party to comply with
this Order. TransAlta agrees to undertake all actions required by the terms and conditions of
this Order. No change in ownership or corporate status shall alter TransAlta’s responsibility
under this Order. TransAlta shall provide a copy of this Order to all agents, contractors, and
subcontractors retained to perform work required by this Order, and shall ensure that all work

undertaken by such agents, contractors, and subcontractors complies with this Order.

4. Definitions
Unless otherwise specified herein, the definitions set forth in RCW 70A.305, WAC 173-204 and
WAC 173-340 shall control the meanings of the terms in this Order.

4.1 Site: The Site is referred to as TransAlta Centralia. The Site constitutes a facility under
RCW 70A.305.020(8). The Site is defined by where a hazardous substance, other than a
consumer product in consumer use, has been deposited, stored, disposed of, or placed,
or otherwise come to be located. Based upon factors currently known to Ecology, the
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4.2

4.3

4.4

Site is generally located in the vicinity of 913 Big Hanaford Rd, Centralia, WA as shown
in the Location Diagram (Exhibit A).

Parties: Refers to the State of Washington, Department of Ecology and TransAlta.
Potentially Liable Persons (PLP(s)): Refers to TransAlta.

Agreed Order or Order: Refers to this Order and each of the exhibits to this Order, All
exhibits are integral and enforceable parts of this Order.

5. Findings of Fact

Ecology makes the following findings of fact, without any express or implied admissions of such

facts by TransAlta:

5.1

52

5.3

5.4

Based upon factors currently known to Ecology, the Site is generally located in the
vicinity of 913 Big Hanaford Rd, Centralia, WA and includes at a minimum, Lewis County
parcels 23340001000, 23340002002, 23340003000, 23340004000, 23340005001,
23340005002, 23340005003, 23340005004, 23436000000, 23345000000,
23355001006, 23355001007, 23355001008, 23355002002 as shown in the Location
Diagram (Exhibit A).

The property has been developed for use as a coal-fired power generation facility since
1968, with the first boiler commissioned in 1971 and the second coming online in 1972.
Containment ponds at the facility were constructed in the 1970s. Multiple utility
companies owned and operated the facility until TransAlta purchased it in 2000. Prior
to its use as a coal-fired power generation facility, the land was primarily agricultural or
forested/undeveloped.

TransAlta is obligated to cease operation of its coal-fired boilers by December 31, 2025,
per Revised Code of Washington (RCW) 80.80.040(3)(c), RCW 80.80.100, RCW
80.82.010, and the Memorandum of Understanding executed between TransAlta and
the State of Washington on December 23rd, 2011, as further amended on July 13,
2017(2011 MOA). TransAlta retired the first coal-fired boiler in 2020 and plans to retire
the second coal-fired boiler in December 2025. TransAlta is actively exploring
opportunities to convert the unit to a natural gas peaking facility to support reliability
and regional resource adequacy.

As part of the closure requirements for the facility, RCW 80.82.010(1)(d) requires
TransAlta to provide among other things “decommissioning and site restoration plan
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that addresses restoring physical topography, cleanup of all hazardous substances on
the site, potential future uses of site following restoration, and coordination with local
and community plans for economic development in the vicinity of the site”.

5.5 As part of the transfer of the facility from PacificCorp to TransAlta, PacificCorp disclosed
the following environmental issues related to hazardous substances at the facility:

e In 1987, aleakin the start-up fuel oil supply line was identified. The leak was near the
northwest corner of Unit #1 Lodge-Cottrell precipitator. An investigation in 1998
documented diesel contamination ranging up to 845 parts per million {(ppm) at a
depth of 5 feet below ground surface (bgs). A subsequent report on the extent of the
contamination was produced by Dames & Moore in July 2000 (D&M 2000).

o [n 1989, a leak in the fuel oil supply line was identified in the area north of the #1 ID
fans.

e In 1994, the reservoir for the hydraulic hoist in the heavy equipment shop was
discovered to have a leak. A report was reportedly produced titled, Heavy Equipment
Rebuild Shop Subsurface Soil Investigation report, dated June 15, 2001.

e [n 1994, there was a leak in the startup fuel oil return line in the area south of the
main fuel oil tanks.

e On November 23, 1999, there was a release of approximately 2,500 gallons of fuel oil
from the warm-up oil supply line. This release was reported to the EPA and Ecology.
A site investigator from Ecology visited the plant.

e A memo dated December 2, 2003, by PacifiCorp noted a “tarry substance” consistent
with petroleum-based paints and solvents was discovered during pipe repair activities
of underground pipes located to the north of the coal and ash shop west of the sewage
treatment pond. The memo states:

“All of the tarry substance visible was excavated and disposed of with the
contaminated soil from the scrubber construction area. Based on the results from the
soil samples obtained prior to the excavation activities it appears that no additional
work activities are required for this site.”

A notification prepared by PacifiCorp stated that all the leaks had been repaired and
remediation activities were complete.

5.6 TransAlta conducted post-sale investigations between 2000 and 2004. These
investigations identified the following:

TPH concentrations in surface soil samples exceeded the MTCA Method A Cleanup
Level in four of the samples (SS-DMB-2 to SS-DMB-5). TPH was not detected at
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concentrations exceeding the MTCA Method A Cleanup Level in the subsurface soil
samples.

Diesel-range TPH concentrations in groundwater exceeded the MTCA Method A
Cleanup Level in samples collected from the monitoring wells. Arsenic
concentrations exceeded the MTCA Method B Cleanup Level in groundwater
samples collected from the wells. Lead concentrations exceeded the MTCA Method
A Cleanup Level in samples collected from three wells located in the Main Plant Area
and in well MW-P5, located in the Effluent Ponds area. Beryllium and chromium
concentrations exceeded the MTCA Method B Cleanup Level and Method A Cleanup
Level, respectively, in groundwater samples collected from wells MW-P3 and MW-
P5. VOCs were not detected at concentrations exceeding MTCA Method A or B
Cleanup Levels.

TPH was not detected in the accumulated solid samples in the Coal Runoff Pond at
concentrations exceeding the MTCA Method A Cleanup Level, but TPH
concentrations in the three South Effluent Pond samples did. Methylene chloride
was detected at a concentration exceeding the MTCA Method A Cleanup Level in
samples CR-Pond-A and CR-Pond-C. Metal concentrations were less than the
Washington State Background Metals soil concentrations except copper and zinc.
Beryllium was detected at a concentration exceeding the MTCA Method B Cleanup
Level.

Three monitoring wells (MW-P3, MW-P4, and MW-P5) were sampled and analyzed
for total and dissolved arsenic, beryllium, chromium, and lead. Arsenic was detected
at concentrations exceeding the MTCA Method A and B Cleanup Levels.

PacifiCorp notified TransAlta of the status of ongoing remediation activities in Current
Project Status and Summary of Closed Work Activities, dated February 23, 2004.
According to the report, the scrubber construction area, the warm-up fuel line spill area,
and a small area identified as the north trench were remediated to Ecology standards.

5.7 In 2003 TransAlta prepared a report to evaluate hydrogeologic conditions at the facility
in accordance with their NPDES permit. A groundwater sample collected from well AFT

313 contained dissolved manganese and iron concentrations exceeding the MTCA
Method A Cleanup Levels.

5.8 TransAlta performed a limited groundwater sampling event, in 2003, on wells located on
the facility as well as on the neighboring Centralia Coal Mine property. Solvents
tetrachloroethene (PCE) and trichloroethene {TCE) and breakdown products 1,1-
dichloroethene (1,1-DCE), trans-1,2-dichloroethene, cis-1,2-dichloroethene, and vinyl
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5.9

5.10

5.11

5.12

chloride were observed at concentrations in select wells exceeding their respective
cleanup levels.

In 2014, a wastewater sample collected from Outfall was found to contain a mercury
concentration that exceeded the NPDES permit surface water quality criterion. The
source of the mercury was determined to be coal and products from its combustion.

From 2017 to present, multiple toxicity tests have been conducted on the TransAlta
effluent at Outfall 001. A review of the effluent chemistry data in 2021 indicated that
copper, and possibly zinc or hexavalent chromium, could contribute to chronic toxicity
to Ceriodaphnia dubia.

In 2021, approximately 1,000 gallons of transformer oil was spilled onto soil, a roadway,
and a holding pond. The spill was reported to Ecology (FS ID 119916). Absorbent
material and a vacuum truck were used to remove pooled product from the roadway
and soils around the transformer. Impacted soils were removed and taken to Marine
Vacuum Services in Seattle, Washington, for disposal.

In response to the requirements of the 2011 MOA , TransAlta conducted a series of
remedial investigations at the facility. The results of these investigations (Remedial
Investigation Report, TransAlta Centralia Generation, LLC, May 2025) found the
following:

There are six contaminants of concern found above applicable cleanup levels for soil
at the Site. These are arsenic, barium, cadmium, copper, selenium, and zinc.

There are nine contaminants of concern found above applicable cleanup levels for
groundwater at the Site. These are arsenic, chromium, copper, manganese, selenium,
zinc, 1-methylnaphthalene, total petroleum hydrocarbons — diesel range, and vinyl
chloride.

There are six contaminants of concern found above applicable cleanup levels in
sediment at the facility. These are arsenic, cadmium, chromium, mercury, nickel, and
selenium.

6. Ecology Determinations

Ecology makes the following determinations, without any express or implied admissions of such

determinations (and underlying facts) by TransAlta.

Agreed Order No. DE 24235 page 6 of 23



6.1

6.2

6.3

6.4

TransAlta is an “owner or operator” as defined in RCW 70A.305.020(22) of a “facility” as
defined in RCW 70A.305.020(8). Specifically, TransAlta is the current owner and
operator of the property within the Site where there has been a release of hazardous
substances to the environment.

Based upon all factors known to Ecology, a “release” or “threatened release” of
“hazardous substance(s)” as defined in RCW 70A.305.020(32), and (13), respectively,
has occurred at the Site.

Based upon credible evidence, Ecology issued a PLP status letter to TransAlta dated
September 4, 2025, pursuant to RCW 70A.305.040, .020(26), and WAC 173-340-500. By
letter dated October 8, 2025, TransAlta voluntarily waived its rights to notice and
comment and accepted Ecology’s determination that TransAlta is a PLP under RCW
70A.305.040.

Pursuant to RCW 70A.305.030(1), .050(1), Ecology may require PLPs to investigate or
conduct other remedial actions with respect to any release or threatened release of
hazardous substances, whenever it believes such action to be in the public interest.
Based on the foregoing facts, Ecology believes the remedial actions required by this
Order are in the public interest.

7. Work to be Performed

Based on the Findings of Fact and Ecology Determinations, it is hereby ordered that TransAlta

take the following remedial actions at the Site. The area within the Site where remedial action

is necessary under RCW 70A.305 is described in the Remedial Action Location Diagram (Exhibit
A). These remedial actions must be conducted in accordance with WAC 173-340 and 173-204:

7.1

TransAlta will complete the remedial investigations they have begun prior to the Order,
including addressing Ecology’s comments on the submitted draft Remedial
Investigation Report. TransAlta shall fully define the nature and extent of
contamination at the Site, in a manner that meets with Ecology’s approval and that
meets the applicable requirements of MTCA and Chapters 173-340 and 172-204 WAC,
and identify and analyze cleanup action alternatives to address contaminants above
applicable levels. TransAlta shall also produce a Supplemental Remedial Investigation
Work Plan, Remedial Investigation report (RI), Feasibility Study (FS), and draft Cleanup
Action Plan (DCAP). TransAlta also agrees to implement a final cleanup action plan
(fCAP). Work under this order must include the entire Site where a hazardous
substance from a release has come to be located, including areas surrounding the coal
plant property that may be subject to aerial deposition of contaminants. The work is to
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be conducted in accordance with the schedule and terms of the Scope of Work and
Schedule, Exhibit B, and all other requirements of this Order.” The following naming
conventions shall be used for documents: Agency Review Draft (designation for the first
time Ecology receives a document); Public Review Draft (designates a document ready
for public comment); Final (designation for a document after public comment and
Ecology approval); and the preliminary Draft Cleanup Action Plan (designation for the
Subject PLP(s)’s version of the DCAP).

7.2 If TransAlta learns of a significant change in conditions at the Site, including but not
limited to a statistically significant increase in contaminant and/or chemical
concentrations in any media, TransAlta, within seven (7) days of learning of the change
in condition, shall notify Ecology in writing of said change and provide Ecology with any
reports or records (including laboratory analyses, sampling results) relating to the
change in conditions.

7.3 Pursuant to WAC 173-340-440(11), TransAlta shall maintain sufficient and adequate
financial assurance mechanisms to cover all costs associated with the operation and
maintenance of the remedial action at the Site, including institutional controls,
compliance monitoring, and corrective measures.

7.3.1 Within sixty (60) days of the fCAP, TransAlta shall submit to Ecology for review
and approval an estimate of the costs under this Order for operation and
maintenance of the remedial actions at the Site, including institutional
controls, compliance monitoring and corrective measures. Within sixty (60)
days after Ecology approves the aforementioned cost estimate, TransAlta
shall provide proof of financial assurances sufficient to cover all such costs in a
form acceptable to Ecology.

7.3.2 TransAlta shall adjust the financial assurance coverage and provide Ecology’s
project coordinator with documentation of the updated financial assurance
for:

7.3.3 Inflation, annually, within thirty (30) days of the anniversary date of the fCAP;
or if applicable, the modified anniversary date established in accordance with
this section, or if applicable, ninety (90) days after the close of TransAlta’s
fiscal year if the financial test or corporate guarantee is used.

7.3.4 Changes in cost estimates, within thirty (30) days of issuance of Ecology’s
approval of a modification or revision to the cleanup action plan (CAP) that
result in increases to the cost or expected duration of remedial actions. Any
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adjustments for inflation since the most recent preceding anniversary date
shall be made concurrent with adjustments for changes in cost estimates. The
issuance of Ecology’s approval of a revised or modified CAP will revise the
anniversary date established under this section to become the date of
issuance of such revised or modified CAP.

7.4 All plans or other deliverables submitted by TransAlta for Ecology’s review and approval
under the Scope of Work and Schedule (Exhibit B) shall, upon Ecology’s approval,
become integral and enforceable parts of this Order. TransAlta shall take any action
required by such deliverable.

7.5 Pursuant to WAC 173-340-430, an interim action is a remedial action that is technically
necessary to reduce a threat to human health or the environment by eliminating or
substantially reducing one or more pathways for exposure to a hazardous substance,
that corrects a problem that may become substantially worse or cost substantially
more to address if the remedial action is delayed, or that is needed to provide for
completion of a site hazard assessment, remedial investigation/feasibility study, or
design of a cleanup action plan. Any Party may propose an interim action under this
Order. If the Parties are in agreement concerning the interim action, TransAlta shall
prepare and submit to Ecology an Interim Action Work Plan, including a scope of work
and schedule, by the date determined by Ecology. Ecology will provide public notice
and opportunity to comment on the Interim Action Work Plan in accordance with WAC
173-340-600(16). TransAlta shall not conduct the interim action until Ecology approves
the Interim Action Work Plan. Upon approval by Ecology, the Interim Action Work Plan
becomes an integral and enforceable part of this Order, and TransAlta is required to
conduct the interim action in accordance with the approved Interim Action Work Plan.

If the Parties are not in agreement, Ecology reserves its authority to require interim
action(s) under a separate order or other enforcement action under RCW 70A.305, or
to undertake the interim action itself.

7.6 If Ecology determines that TransAlta has failed to make sufficient progress or failed to
implement the remedial action, in whole or in part, Ecology may, after notice to
TransAlta, perform any or all portions of the remedial action or at Ecology’s discretion
allow TransAlta opportunity to correct. In an emergency, Ecology is not required to
provide notice to TransAlta, or an opportunity for dispute resolution. TransAlta shall
reimburse Ecology for the costs of doing such work in accordance with Section 8.1
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(Payment of Remedial Action Costs). Ecology reserves the right to enforce requirements
of this Order under Section 10 (Enforcement).

7.7 Except where necessary to abate an emergency situation or where required by law,
TransAlta shall not perform any remedial actions at the Site outside those remedial
actions required by this Order to address the contamination that is the subject of this
Order, unless Ecology concurs, in writing, with such additional remedial actions
pursuant to Section 8.11 (Amendment of Order). In the event of an emergency, or
where actions are taken as required by law, TransAlta must notify Ecology in writing of
the event and remedial action(s) planned or taken as soon as practical but no later than
within twenty-four (24) hours of the discovery of the event.

8. Terms and Conditions

8.1  Payment of Remedial Action Costs

TransAlta shall pay to Ecology costs incurred by Ecology pursuant to this Order and
consistent with WAC 173-340-550(2). These costs shall include work performed by
Ecology or its contractors for, or on, the Site under RCW 70A.305, including remedial
actions and Order preparation, negotiation, oversight, and administration. These costs
shall include work performed both prior to and subsequent to the issuance of this
Order. Ecology’s costs shall include costs of direct activities and support costs of direct
activities as defined in WAC 173-340-550(2). For all Ecology costs incurred, TransAlta
shall pay the required amount within thirty (30) days of receiving from Ecology an
itemized statement of costs that includes a summary of costs incurred, an identification
of involved staff, and the amount of time spent by involved staff members on the
project. A general statement of work performed will be provided upon request.
ltemized statements shall be prepared quarterly. Pursuant to WAC 173-340-550(4),
failure to pay Ecology’s costs within ninety (90) days of receipt of the itemized
statement of costs will result in interest charges at the rate of twelve percent (12%) per
annum, compounded monthly.

In addition to other available relief, pursuant to RCW 19.16.500, Ecology may utilize a
collection agency and/or, pursuant to RCW 70A.305.060, file a lien against real
property subject to the remedial actions to recover unreimbursed remedial action
costs.

8.2  Designated Project Coordinators

The project coordinator for Ecology is:
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8.3

Thomas Middleton, LHG

300 Desmond Drive, Lacey, WA 98503
360-999-9594
thomas.middleton@ecy.wa.gov

The project coordinator for TransAlta is:

Mickey Dreher

913 Big Hanaford Rd., Centralia, WA 98531-9101
360-330-8230

mickey dreher@transalta.com

Each project coordinator shall be responsible for overseeing the implementation of this
Order. Ecology’s project coordinator will be Ecology’s designated representative for the
Site. To the maximum extent possible, communications between Ecology and
TransAlta, and all documents, including reports, approvals, and other correspondence
concerning the activities performed pursuant to the terms and conditions of this Order
shall be directed through the project coordinators. The project coordinators may
designate, in writing, working level staff contacts for all or portions of the
implementation of the work to be performed required by this Order.

Any Party may change its respective project coordinator. Written notification shall be
given to the other Party at least ten (10) calendar days prior to the change.

Performance

All geologic and hydrogeologic work performed pursuant to this Order shall be under
the supervision and direction of a geologist or hydrogeologist licensed by the State of
Washington or under the direct supervision of an engineer registered by the State of
Washington, except as otherwise provided for by RCW 18.43 and 18.220.

All engineering work performed pursuant to this Order shall be under the direct
supervision of a professional engineer registered by the State of Washington, except as
otherwise provided for by RCW 18.43.130.

All construction work performed pursuant to this Order shall be under the direct
supervision of a professional engineer or a qualified technician under the direct
supervision of a professional engineer. The professional engineer must be registered by
the State of Washington, except as otherwise provided for by RCW 18.43.130.

Any documents submitted containing geologic, hydrogeologic, or engineering work
shall be under the seal of an appropriately licensed professional as required by RCW
18.43 and 18.220.
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TransAlta shall notify Ecology in writing of the identity of any engineer(s) and
geologist(s), contractor(s), subcontractor(s), and other key personnel to be used in
carrying out the terms of this Order, in advance of their involvement at the Site.

8.4 Access

Ecology or any Ecology authorized representative, subject to proper qualification and
conformance with TransAlta safety practices and policies applicable at the Site, shall
have access to enter and freely move about all property at the Site that TransAlta

either owns, controls, or has access rights to at all reasonable times for the purposes
of, inter alia: inspecting records, operation logs, and contracts related to the work
being performed pursuant to this Order; reviewing TransAlta’s progress in carrying out
the terms of this Order; conducting such tests or collecting such samples as Ecology
may deem necessary; using a camera, sound recording, or other documentary type
equipment to record work done pursuant to this Order; and verifying the data
submitted to Ecology by TransAlta. Ecology or any Ecology authorized representative
shall give reasonable notice before entering any Site property owned or controlled by
TransAlta unless an emergency prevents such notice. All persons who access the Site
pursuant to this section shall comply with any applicable health and safety plan(s).
Ecology employees and their representatives shall not be required to sign any liability
release or waiver as a condition of Site property access.

TransAlta shall make best efforts to secure access rights for those properties within the
Site not owned or controlled by TransAlta where remedial activities or investigations
will be performed pursuant to this Order. As used in this Section, “best efforts” means
the efforts that a reasonable person in the position of TransAlta would use so as to
achieve the goal in a timely manner, including the cost of employing professional
assistance and the payment of reasonable sums of money to secure access and/or use
restriction agreements, as required by this Section. If, within 30 days after the effective
date of this Order, TransAlta is unable to accomplish what is required through “best
efforts,” they shall notify Ecology, and include a description of the steps taken to
comply with the requirements. If Ecology deems it appropriate, it may assist TransAlta,
or take independent action, in obtaining such access and/or use restrictions. Ecology
reserves the right to seek payment from TransAlta for all costs, including cost of
attorneys’ time, incurred by Ecology in obtaining such access or agreements to restrict
land, water, or other resource use.

8.5  Sampling, Data Submittal, and Availability

With respect to the implementation of this Order, TransAlta shall make the results of
all sampling, laboratory reports, and/or test results generated by it or on its behalf
available to Ecology. Pursuant to WAC 173-340-840(5), all sampling data shall be
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submitted to Ecology in both printed and electronic formats in accordance with Section
7 (Work to be Performed), Ecology’s Toxics Cleanup Program Policy 840 (Data
Submittal Requirements), and/or any subsequent procedures specified by Ecology for
data submittal.

If requested by Ecology, TransAlta shall allow Ecology and/or its authorized
representative to take split or duplicate samples of any samples collected by TransAlta
pursuant to implementation of this Order. TransAlta shall notify Ecology seven (7) days
in advance of any sample collection or work activity at the Site. Ecology shall, upon
request, allow TransAlta and/or its authorized representative to take split or duplicate
samples of any samples collected by Ecology pursuant to the implementation of this
Order, provided that doing so does not interfere with Ecology’s sampling. Without
limitation on Ecology’s rights under Section 8.4 (Access), Ecology shall notify TransAlta
prior to any sample collection activity unless an emergency prevents such notice.

In accordance with WAC 173-340-830(5)(a), all hazardous substance analyses shall be
conducted by a laboratory accredited under WAC 173-50 for the specific analyses to be
conducted, unless otherwise approved by Ecology.

8.6  Public Participation

RCW 70A.305.030(2)(a) requires that, at a minimum, this Order be subject to
concurrent public notice. Ecology shall be responsible for providing this public notice
and reserves the right to modify or withdraw any provisions of this Order should public
comment disclose facts or considerations which indicate to Ecology that this Order is
inadequate or improper in any respect.

Ecology shall maintain the responsibility for public participation at the Site. However,
TransAlta shall cooperate with Ecology, and shall:

8.6.1 If agreed to by Ecology, develop appropriate mailing lists and prepare drafts
of public notices and fact sheets at important stages of the remedial action,
such as the submission of work plans, remedial investigation/feasibility study
reports, cleanup action plans, and engineering design reports. As appropriate,
Ecology will edit, finalize, and distribute such fact sheets and prepare and
distribute public notices of Ecology’s presentations and meetings.

8.6.2 Notify Ecology’s project coordinator prior to the preparation of all press
releases and fact sheets, and before meetings related to remedial action work
to be performed at the Site with the interested public and/or local
governments. Likewise, Ecology shall notify TransAlta prior to the issuance of
all press releases and fact sheets related to the Site, and before meetings
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8.7

related to the Site with the interested public and local governments. For all
press releases, fact sheets, meetings, and other outreach efforts by TransAlta
that do not receive prior Ecology approval, TransAlta shall clearly indicate to
its audience that the press release, fact sheet, meeting, or other outreach
effort was not sponsored or endorsed by Ecology.

8.6.3 When requested by Ecology, participate in public presentations on the
progress of the remedial action at the Site. Participation may be through
attendance at public meetings to assist in answering questions or as a
presenter.

8.6.4 When requested by Ecology, arrange and maintain a repository to be located
at:

Centralia Timberland Library
110 S. Silver Street, Centralia, WA 98531

At a minimum, copies of all public notices, fact sheets, and documents
relating to public comment periods shall be promptly placed in these
repositories. A copy of all documents related to this Site shall be maintained
in the repository at Ecology’s Southwest Regional Office in Lacey, Washington.

Access to Information

TransAlta shall provide to Ecology, upon request, copies of all records, reports,
documents, and other information {including records, reports, documents, and other
information in electronic form) (hereinafter referred to as “Records”) within TransAlta’s
possession or control or that of their contractors or agents relating to activities at the
Site or to the implementation of this Order, including, but not limited to, sampling,
analysis, chain of custody records, manifests, trucking logs, receipts, reports, sample
traffic routing, correspondence, or other documents or information regarding the
work. TransAlta shall also make available to Ecology, for purposes of investigation,
information gathering, or testimony, their employees, agents, or representatives with
knowledge of relevant facts concerning the performance of the work.

Nothing in this Order is intended to waive any right TransAlta may have under
applicable law to limit disclosure of Records protected by the attorney work-product
privilege and/or the attorney-client privilege. If TransAlta withholds any requested
Records based on an assertion of privilege, TransAlta shall provide Ecology with a
privilege log specifying the Records withheld and the applicable privilege. No Site-
related data collected pursuant to this Order shall be considered privileged, including:
(1) any data regarding the Site, including, but not limited to, all sampling, analytical,
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monitoring, hydrogeologic, scientific, chemical, radiological, biological, or engineering
data, or the portion of any other record that evidences conditions at or around the Site;
or (2) the portion of any Record that Respondents are required to create or generate
pursuant to this Order.

t

Notwithstanding any provision of this Order, Ecology retains all of its information
gathering and inspection authorities and rights, including enforcement actions related
thereto, under any other applicable statutes or regulations.

8.8 Retention of Records

During the pendency of this Order, and for ten (10) years from the date of completion
of the work performed pursuant to this Order, TransAlta shall preserve all records,
reports, documents, and underlying data in its possession relevant to the
implementation of this Order and shall insert a similar record retention requirement
into all contracts with project contractors and subcontractors.

8.9  Resolution of Disputes

8.9.1 In the event that TransAlta elects to invoke dispute resolution TransAlta must
utilize the procedure set forth below.

89.1.1 Upon the triggering event (receipt of Ecology’s project
coordinator’s written decision or an itemized billing statement),
TransAlta has fourteen (14) calendar days within which to notify
Ecology’s project coordinator in writing of its dispute (Informal
Dispute Notice).

8.9.1.2 The Parties’ project coordinators shall then confer in an effort to
resolve the dispute informally. The Parties shall informally confer
for up to fourteen (14) calendar days from receipt of the Informal
Dispute Notice. If the project coordinators cannot resolve the
dispute within those fourteen (14) calendar days, then within
seven (7) calendar days Ecology’s project coordinator shall issue a

written decision (Informal Dispute Decision) stating: the nature of
the dispute; the TransAlta position with regards to the dispute;
Ecology’s position with regards to the dispute; and the extent of
resolution reached by informal discussion.

8.9.1.3 TransAlta may then request regional management review of the
dispute. TransAlta must submit this request (Formal Dispute
Notice) in writing to the Southwest Region Toxics Cleanup Section
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Manager within seven (7) calendar days of receipt of Ecology’s
Informal Dispute Decision. The Formal Dispute Notice shall include
a written statement of dispute setting forth: the nature of the
dispute; the TransAlta position with respect to the dispute; and the
information relied upon to support its position.

| 8.9.1.4  The Section Manager shall conduct a review of the dispute and
shall issue a written decision regarding the dispute {Decision on
Dispute) within thirty (30) calendar days of receipt of the Formal
Dispute Notice. The Decision on Dispute shall be Ecology’s final
decision on the disputed matter.

8.9.2 The Parties agree to only utilize the dispute resolution process in good faith
and agree to expedite, to the extent possible, the dispute resolution process
whenever it is used.

89.3 Implementation of these dispute resolution procedures shall not provide a
basis for delay of any activities required in this Order, unless Ecology agrees in
writing to a schedule extension.

8.9.4 In case of a dispute, failure to either proceed with the work required by this
Order or timely invoke dispute resolution may result in Ecology’s
determination that insufficient progress is being made in preparation of a
deliverable, and may result in Ecology undertaking the work under Section 7
(Work to be Performed) or initiating enforcement under Section 10
{Enforcement).

8.10 Extension of Schedule

8.10.1 TransAlta’s requests for an extension of schedule shall be granted only when a
request for an extension is submitted in a timely fashion, generally at least
thirty (30) days prior to expiration of the deadline for which the extension is
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requested, and good cause exists for granting the extension. All extensions
shall be requested in writing. The request shall specify:

8.10.1.1 The deadline that is sought to be extended.
8.10.1.2 The length of the extension sought.
8.10.1.3 The reason(s) for the extension.

8.10.1.4 Any related deadline or schedule that would be affected if the
extension were granted.

8.10.2 The burden shall be on TransAlta to demonstrate to the satisfaction of
Ecology that the request for such extension has been submitted in a timely
fashion and that good cause exists for granting the extension. Good cause
may include, but may not be limited to:

8.10.2.1 Circumstances beyond the reasonable control and despite the due
diligence of TransAlta including delays caused by unrelated third
parties or Ecology, such as (but not limited to) delays by Ecology in
reviewing, approving, or modifying documents submitted by
TransAlta.

8.10.2.2 Ashelter in place or work stoppage mandated by state or local
government order due to public health and safety emergencies.

8.10.2.3 Acts of God, including fire, flood, blizzard, extreme temperatures,
storm, or other unavoidable casualty.

8.10.2.4 Endangerment as described in Section 8.12 (Endangerment).

However, neither increased costs of performance of the terms of this Order
nor changed economic circumstances shall be considered circumstances
beyond the reasonable control of TransAlta.

8.10.3  Ecology shall act upon any written request from TransAlta for extension in a
timely fashion. Ecology shall give TransAlta written notification of any
extensions granted pursuant to this Order. A requested extension shall not be
effective until approved by Ecology. Unless the extension is a substantial
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8.11

8.12

change, it shall not be necessary to amend this Order pursuant to Section 8.11
(Amendment of Order) when a schedule extension is granted.

8.10.4 At TransAlta’s request, an extension shall only be granted for such period of
time as Ecology determines is reasonable under the circumstances. Ecology
may grant schedule extensions exceeding ninety (90) days only as a result of
one of the following:

8.10.4.1 Delays in the issuance of a necessary permit which was applied for
in a timely manner.

8.10.4.2 Other circumstances deemed exceptional or extraordinary by
Ecology.

8.10.4.3 Endangerment as described in Section 8.12 (Endangerment).

Amendment of Order

The project coordinators may verbally agree to minor changes to the work to be
performed without formally amending this Order. Minor changes will be documented
in writing by Ecology within seven (7) days of verbal agreement.

Except as provided in Section 8.13 (Reservation of Rights), substantial changes to the
work to be performed shall require formal amendment of this Order. This Order may
only be formally amended by the written consent of both Ecology and TransAlta.
Ecology will provide its written consent to a formal amendment only after public notice
and opportunity to comment on the formal amendment.

When requesting a change to the Order, TransAlta shall submit a written request to
Ecology for approval. Ecology shall indicate its approval or disapproval in writing and in
a timely manner after the written request is received. If Ecology determines that the
change is substantial, then the Order must be formally amended. Reasons for the
disapproval of a proposed change to this Order shall be stated in writing. If Ecology
does not agree to a proposed change, the disagreement may be addressed through the
dispute resolution procedures described in Section 8.9 (Resolution of Disputes).

Endangerment

In the event Ecology determines that any activity being performed at the Site under
this Order is creating or has the potential to create a danger to human health or the
environment on or surrounding the Site, Ecology may direct TransAlta to cease such
activities for such period of time as it deems necessary to abate the danger. TransAlta
shall immediately comply with such direction.
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8.13

In the event TransAlta determines that any activity being performed at the Site under
this Order is creating or has the potential to create a danger to human health or the
environment, TransAlta may cease such activities. TransAlta shall notify Ecology’s
project coordinator as soon as possible, but no later than twenty-four (24) hours after
making such determination or ceasing such activities. Upon Ecology’s direction,
TransAlta shall provide Ecology with documentation of the basis for the determination
or cessation of such activities. If Ecology disagrees with TransAlta’s cessation of
activities, it may direct TransAlta to resume such activities.

If Ecology concurs with or orders a work stoppage pursuant to this section, TransAlta’s
obligations with respect to the ceased activities shall be suspended until Ecology
determines the danger is abated, and the time for performance of such activities, as
well as the time for any other work dependent upon such activities, shall be extended
in accordance with Section 8.10 (Extension of Schedule) for such period of time as
Ecology determines is reasonable under the circumstances.

Nothing in this Order shall limit the authority of Ecology, its employees, agents, or
contractors to take or require appropriate action in the event of an emergency.

Reservation of Rights

This Order is not a settlement under RCW 70A.305. Ecology’s signature on this Order in
no way constitutes a covenant not to sue or a compromise of any of Ecology’s rights or
authority. Ecology will not, however, bring an action against TransAlta to recover
remedial action costs paid to and received by Ecology under this Order. In addition,
Ecology will not take additional enforcement actions against TransAlta regarding
remedial actions required by this Order, provided TransAlta complies with this Order.

Ecology nevertheless reserves its rights under RCW 70A.305, including the right to
require additional or different remedial actions at the Site should it deem such actions
necessary to protect human health or the environment, and to issue orders requiring
such remedial actions. Ecology also reserves all rights regarding the injury to,
destruction of, or loss of natural resources resulting from the release or threatened
release of hazardous substances at the Site.

By entering into this Order, TransAlta does not admit to any liability for the Site.
Although TransAlta is committing to conducting the work required by this Order under
the terms of this Order, TransAlta expressly reserves all rights available under law,
including but not limited to the right to seek cost recovery or contribution against third
parties, and the right to assert any defenses to liability in the event of enforcement.
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8.14

8.15

Transfer of Interest in Property

No voluntary conveyance or relinquishment of title, easement, leasehold, or other
interest in any portion of the Site shall be consummated by TransAlta without provision
for continued implementation of all requirements of this Order and implementation of
any remedial actions found to be necessary as a result of this Order.

Prior to TransAlta’s transfer of any interest in all or any portion of the Site, and during
the effective period of this Order, TransAlta shall provide a copy of this Order to any
prospective purchaser, lessee, transferee, assignee, or other successor in said interest;
and, at least thirty (30) days prior to any transfer, TransAlta shall notify Ecology of said
transfer. Upon transfer of any interest, TransAlta shall notify all transferees of the
restrictions on the activities and uses of the property under this Order and incorporate
any such use restrictions into the transfer documents.

Compliance with Applicable Laws

8.15.1 Applicable laws. All actions carried out by TransAlta pursuant to this Order
shall be done in accordance with all applicable federal, state, and local
requirements, including requirements to obtain necessary permits or
approvals, except as provided in RCW 70A.305.090. At this time, TransAlta is
obligated to fulfil the requirements of RCW Chapters 80.80 and 80.82 and that
entry into and compliance with this order is done in satisfaction of those laws
and the 2011 MOA. TransAlta and Ecology will also comply with the
requirements of any additional agreements executed between TransAlta and
the State of Washington that affect the Site. TransAlta has a continuing
obligation to identify additional applicable federal, state, and local
requirements which apply to actions carried out pursuant to this Order, and
to comply with those requirements. As additional federal, state, and local
requirements are identified by Ecology or TransAlta, Ecology will document in
writing if they are applicable to actions carried out pursuant to this Order, and
TransAlta must implement those requirements.

8.15.2 Relevant and Appropriate Requirements. All actions carried out by TransAlta
pursuant to this Order shall be done in accordance with relevant and
appropriate requirements identified by Ecology. At this time, no relevant and
appropriate requirements have been identified as being applicable to the
actions required by this Order. If additional relevant and appropriate
requirements are identified by Ecology or TransAlta, Ecology will document in
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writing if they are applicable to actions carried out pursuant to this Order and
TransAlta must implement those requirements.

8.15.3  Pursuant to RCW 70A.305.090(1), TransAlta may be exempt from the
procedural requirements of RCW 70A.15, 70A.205, 70A.300, 77.55, 90.48, and
90.58 and of any laws requiring or authorizing local government permits or
approvals. However, TransAlta shall comply with the substantive
requirements of such permits or approvals. For permits and approvals
covered under RCW 70A.305.090(1) that have been issued by local
government, the Parties agree that Ecology has the non-exclusive ability

under this Order to enforce those local government permits and/or approvals.
At this time, no state or local permits or approvals have been identified as
being applicable but procedurally exempt under this section.

8.15.4 TransAlta has a continuing obligation to determine whether additional
permits or approvals addressed in RCW 70A.305.090(1) would otherwise be
required for the remedial action under this Order. In the event either Ecology
or TransAlta determines that additional permits or approvals addressed in
RCW 70A.305.090(1) would otherwise be required for the remedial action
under this Order, it shall promptly notify the other Party of its determination.
Ecology shall determine whether Ecology or TransAlta shall be responsible to
contact the appropriate state and/or local agencies. If Ecology so requires,
TransAlta shall promptly consult with the appropriate state and/or local
agencies and provide Ecology with written documentation from those
agencies of the substantive requirements those agencies believe are
applicable to the remedial action. Ecology shall make the final determination
on the additional substantive requirements that must be met by TransAlta
and on how TransAlta must meet those requirements. Ecology shall inform
TransAlta in writing of these requirements. Once established by Ecology, the
additional requirements shall be enforceable requirements of this Order.
TransAlta shall not begin or continue the remedial action potentially subject
to the additional requirements until Ecology makes its final determination.

Pursuant to RCW 70A.305.090(2), in the event Ecology determines that the
exemption from complying with the procedural requirements of the laws
referenced in RCW 70A.305.090(1) would result in the loss of approval from a
federal agency that is necessary for the state to administer any federal law,
the exemption shall not apply and TransAlta shall comply with both the
procedural and substantive requirements of the laws referenced in RCW
70A.305.090(1), including any requirements to obtain permits or approvals.
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8.16 Periodic Review

So long as remedial action continues at the Site, the Parties agree to review the
progress of remedial action at the Site, and to review the data accumulated as a result
of monitoring the Site as often as is necessary and appropriate under the
circumstances. Unless otherwise agreed to by Ecology, at least every five (5) years after
the initiation of cleanup action at the Site the Parties shall confer regarding the status
of the Site and the need, if any, for further remedial action at the Site. At least ninety
(90) days prior to each periodic review, TransAlta shall submit a report to Ecology that
documents whether human health and the environment are being protected based on
the factors set forth in WAC 173-340-420(4). Ecology reserves the right to require
further remedial action at the Site under appropriate circumstances. This provision
shall remain in effect for the duration of this Order.

8.17 Indemnification

TransAlta agrees to indemnify and save and hold the State of Washington, its
employees, and agents harmless from any and all claims or causes of action (1) for
death or injuries to persons, or (2) for loss or damage to property, to the extent arising
from or on account of acts or omissions of TransAlta, its officers, employees, agents, or
contractors in entering into and implementing this Order. However, TransAlta shall not
indemnify the State of Washington nor save nor hold its employees and agents
harmless from any claims or causes of action to the extent arising out of the negligent
acts or omissions of the State of Washington, or the employees or agents of the State,
in entering into or implementing this Order.

9. Satisfaction of Order

The provisions of this Order shall be deemed satisfied upon TransAlta’s receipt of written
notification from Ecology that TransAlta has completed the remedial activity required by this
Order, including implementation of the final cleanup action plan, as amended by any

modifications, and that TransAlta has complied with all other provisions of this Agreed Order.

10. Enforcement
Pursuant to RCW 70A.305.050, this Order may be enforced as follows:
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10.1  The Attorney General may bring an action to enforce this Order in a state or federal
court.

10.2  The Attorney General may seek, by filing an action, if necessary, to recover amounts
spent by Ecology for investigative and remedial actions and orders related to the Site.

10.3 A liable party who refuses, without sufficient cause, to comply with any term of this
Order will be liable for:

10.3.1  Up to three (3) times the amount of any costs incurred by the State of
Washington as a result of its refusal to comply.

10.3.2  Civil penalties of up to twenty-five thousand dollars ($25,000) per day for
each day it refuses to comply.

10.4  This Order is not appealable to the Washington Pollution Control Hearings Board. This
Order may be reviewed only as provided under RCW 70A.305.070.

Effective date of this Order: Mbﬁ;f' 89) 2SS

TransAlta State of Washington
Department of Ecology

Vice/President, Centralia Marian Abbett, PE
TransAlta Centralia Generation LLC Section Manager

913 Big Hanaford Rd Toxics Cleanup Program
Centralia, WA 98531-9101 Southwest Region Office
360-330-8230 360-489-4569
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Exhibit A - Location Diagram
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Exhibit B — TransAlta scope of work and schedule

Scope of work '

Purpose

The work under this Agreed Order (AO) involves conducting a Remedial Investigation (RI) and
Feasibility Study (FS), conducting interim actions if required or agreed to by Ecology, preparing
a preliminary Draft Cleanup Action Plan (DCAP) to select a cleanup alternative, and
implementing the CAP as approved by Ecology. The purpose of the RI, FS, and preliminary DCAP
for the Site is to provide sufficient data, analysis, and evaluations to enable Ecology to select
and approve a cleanup alternative for the Site.

TransAlta shall coordinate with Ecology throughout the development of the RI/FS and
preliminary DCAP and shall keep Ecology informed of changes to any Work Plan or other project
plans, and of any issues or problems as they develop.

The Scope of Work (SOW) is divided into eight major tasks as follows:

Task 1. Supplemental Rl Work Plan

Task 2. Supplemental Remedial Investigation
Task 3. Interim Action(s) (if required)

Task 4. Feasibility Study

Task 5. SEPA Compliance

Task 6. Public Participation

Task 7. DCAP

Task 8. Implementation of the CAP

Task 1. Supplemental Rl work plan

TransAlta shall prepare a Supplemental Remedial Investigation Work Plan (Work Plan). The
Work Plan shall address the deficiencies, noted by Ecology, in our comments on the submitted
Rl report including provisions for a survey of potential deposition of semi-volatile organic
compounds, carcinogenic polycyclic aromatic hydrocarbons, dioxins/furans, and metals
including mercury, in the areas surrounding the coal plant property.

The Work Plan shall, as needed, describe general facility information; site history and
conditions; including previous operations; past field investigations, including any data collection
and analysis of soils, air, groundwater, surface water, and sediments; a conceptual site model
showing contaminants, migration pathways in all environmental media, and potential
receptors; geology and groundwater system characteristics; past, current, and future land use;
identification of natural resources and ecological receptors; hazardous substances and their
sources, etc., in compliance with WAC 173-340-350 and WAC 173-204-550.
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The Work Plan will also identify specific data collection procedures in a Sampling and Analysis
Plan (SAP) and Quality Assurance Project Plan (QAPP) as part of the Work Plan in compliance
with WAC 173-340-820 and WAC 173-204-600 for defining the nature and extent of
contamination. TransAlta will also submit a copy of the Health and Safety Plan (HASP) for the
project.

The SAP identifies the proposed number and location of all environmental samples and
methods, including soil borings, groundwater monitoring wells, soil, groundwater, stormwater,
seep, catch basin and sediment samples, approximate depths, and includes a quality assurance
project plan. The SAP will describe the sampling objectives, the rationale for the sampling
approach (based upon the identified data gaps), and plans for data use, and shall provide a
detailed description of sampling tasks. The SAP shall describe specifications for sample
identifiers; sampling equipment; the type, number, and location of samples to be collected; the
analyses to be performed; descriptions of sampling equipment and methods to be used; sample
documentation; sample containers, collection and handling; data and records management;
and schedule.

The Quality Assurance Project Plan (QAPP) will be prepared in accordance with the Guidance
for Preparation of Quality Assurance Project Plans, EPA Region 10, Quality Data Management
Program, QA/R-5 and requirements of the EPA Contract Laboratory Program. The QAPP will
also follow Ecology's Guidelines for Preparing Quality Assurance Project Plans for
Environmental Studies (July 2004) and Sediment Sampling and Analysis Plan Appendix
(February 2008). Laboratories must meet the accreditation standards established in WAC 173-
50. Data quality objectives will reflect the criteria or threshold values used for the source
control evaluation.

The SAP, including the QAPP, will be submitted to Ecology for review and approval. As with all
environmental work at the site, work may not begin without written approval from Ecology.
The plan shall provide seven (7) days notice to Ecology prior to beginning sampling. Ecology
may obtain split samples.

TransAlta or their contractors shall submit all new sampling data generated under this SAP and
any other recently collected data to Ecology for entry into the Environmental Information
Management System (EIM) in accordance with WAC 173-340-840(5) and Ecology’s Toxics
Cleanup Program Policy 840: Data Submittal Requirements. Only validated data will be entered
into the EIM database within 30 days of submittal.

TransAlta will provide Ecology with an Agency Review Draft Work Plan. Once Ecology reviews
and approves the Work Plan, it will be considered the Final Work Plan. The Work Plan shall not
be implemented until approved by Ecology. Once approved by Ecology, TransAlta will
implement the Final Work Plan according to the schedule contained in this Exhibit.
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TransAlta shall prepare two (2) copies of the Agency Review Draft Rl Work Plan and submit
them, including one electronic copy each in Word (.doc) and Adobe (.pdf) formats, to Ecology
for review and comment. After incorporating Ecology’s comments on the Agency Review Draft
Work Plan and after Ecology approval, TransAlta shall prepare three (3) copies of the Final Work
Plan and submit them, including one electronic copy each in Word {.doc) and Adobe (.pdf)
formats, to Ecology.

Task 2. Supplemental Remedial Investigation

TransAlta shall conduct a Supplemental RI that meets the requirements of WAC 173-340-350
and WAC 173-204-550 according to the Work Plan as approved by Ecology. The Rl will
determine the nature and extent of contamination exceeding preliminary Model Toxics Control
Act (MTCA) cleanup levels, preliminary Sediment Management Standards (SMS) cleanup
standards, and other regulatory requirements. The RI must provide sufficient data and
information to define the nature and extent of contamination.

Field sampling and analysis will be completed in general accordance with the SAP and QAPP.
Deviation(s) from the approved SAP and QAPP must be communicated to Ecology immediately
and documented as required by Ecology.

TransAlta shall provide interim data reports and updates to Ecology as new site data and
information become available. Laboratory analysis data shall also be provided in electronic
format when it has been validated. Raw laboratory data will be provided to Ecology upon
request.

Prior to submittal of the Agency Review Draft Rl Report, a Key Project Meeting will be held.
During the Remedial Investigation Pre-Report Check-In, Ecology and TransAlta will review
available data and an updated conceptual site model and discuss the content and organization
of the Draft Rl Report.

TransAlta shall compile the results of the Site investigation into an Agency Review Draft R
Report. TransAlta shall prepare two (2) copies of the Agency Review Draft Rl Report and submit
them, including one electronic copy each in Word {.doc) and Adobe (.pdf) formats, to Ecology
for review and comment.

After incorporating Ecology’s comments on the Agency Review Draft Rl Report, TransAlta shall
prepare three (3) copies of a Public Review Draft Rl Report and submit them, including one
electronic copy each in Word (.doc) and Adobe (.pdf) formats, to Ecology for distribution and
public comment. Electronic survey data for monitoring locations, electronic lab data, and GIS
maps of contaminant distribution shall also be provided for both the Agency Review Draft R
Report and Public Review Draft Rl Reports either in the report or as attachments. The Rl Report
will not be considered Final until after a public review and comment period.
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If the data collected during this investigation is insufficient to define the nature and extent of
contamination, and/or to select a cleanup action plan an additional phase of investigation shall
be conducted to define the extent of contamination.

Task 3. Interim Actions (if required)
Remedial actions implemented prior to completion of the RI/FS, including those that:

e are technically necessary to reduce a threat to human health or the environment by
eliminating or substantially reducing one or more pathways for exposure to a hazardous
substance;

e correct a problem that may become substantially worse or cost substantially more to
address if the remedial action is delayed; or

e are needed to provide for completion of the remedial investigation/feasibility study or
design of the cleanup action

will be considered interim actions, will be implemented in accordance with WAC 173-340-430
and the AO, and will be designed in a manner that will not foreclose reasonable alternatives for
any final cleanup action that may be required.

As detailed in the AO, if required by Ecology, or if proposed by TransAlta and approved by
Ecology, TransAlta will implement an interim action. Based upon information in the Agency
Review Draft Rl Report, interim action(s) may be needed to expedite control of releases to
sediments or other environmental media pursuant to WAC 173-340-430.

The scope of the interim actions may include, but not be limited to, typical source control or
containment elements such as:

e Soil or sediment removal

e Groundwater remediation

s Repair, slip lining, replacement, or closure of stormwater conveyances or other structures
such as conduit, vaults, catch basins, etc.

e Removal of underground storage tanks and pipes

e Removal of old drain fields or former surface impoundments

e Proper abandonment of old wells

» Removal of contaminated building or other structural material
e Construction of a treatment facility

e Shoreline stabilization such as bulkhead repair, erosion or seepage control, and grading
or clearing.
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If an interim action is to be performed, TransAlta will prepare and submit for Ecology approval
an Agency Review Draft Interim Action Work Plan (IAWP) with detail commensurate with the
work to be performed. The Agency Review Draft IAWP shall include, as appropriate:

o Description of the interim action including its purpose, general requirements, and
relationship to the (final) cleanup action (to the extent known);

o Summary of relevant RI/FS information, including at a minimum existing site conditions
and alternative interim actions considered;

o [nformation regarding design and construction requirements, including a proposed
schedule and personnel roles and responsibilities;

o Compliance Monitoring Plan;
» SAP/QAPP;
e Permits required.

TransAlta will also submit a copy of the Health and Safety Plan for the project. TransAlta will be
responsible for complying with the State Environmental Policy Act (SEPA) Rules including
preparing and submitting an environmental checklist for the interim action, and will assist
Ecology with presentations at any additional meetings or hearings that might be necessary for
SEPA compliance or as part of the Public Participation Plan.

TransAlta shall prepare two (2) copies of the Agency Review Draft Interim Action Work Plan and
submit them, including one electronic copy each in Word (.doc) and Adobe (.pdf) formats, to
Ecology for review. TransAlta shall incorporate Ecology’s comments and then prepare two (2)
copies of the Public Review Draft Interim Action Work Plan and submit them, including one
electronic copy each in Word (.doc) and Adobe (.pdf) formats, to Ecology. After a public notice
and comment period for the Public Review Draft [AWP (and SEPA determination), Ecology will
approve the IAWP (if appropriate) and the document will be considered Final. TransAlta shall
prepare three (3) copies of the Final Interim Action Work Plan submit them, including one
electronic copy each in Word (.doc) and Adobe (.pdf) formats. Once approved by Ecology,
TransAlta will implement the interim action according with the approved schedule.

Upon successful completion of the work, an Agency Review Draft Interim Action Report will be
prepared as a separate deliverable. TransAlta shall prepare two (2) copies of the Agency Review
Draft Interim Action Report and submit them, including one electronic copy each in Word (.doc)
and Adobe (.pdf) formats, to Ecology for review and approval. After incorporating Ecology’s
comments on the Agency Review Draft Interim Action Report and after Ecology approval,
TransAlta shall prepare three (3) copies of the Final Interim Action Report and submit them,
including one electronic copy each in Word {.doc) and Adobe (.pdf) formats, to Ecology.
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Task 4. Feasibility study

TransAlta shall use the information obtained in the Rl to prepare an Agency Review Draft
Feasibility Study (FS) that meets the applicable requirements of WAC 173-340-351 according to
the Schedule in this exhibit. The Agency Review Draft FS will evaluate remedial alternatives for
site cleanup, consistent with MTCA and SMS requirements to ensure protection of human
health and the environment by eliminating, reducing, or otherwise controlling risk posed
through each exposure pathway and migration route.

Prior to beginning the FS, a Key Project Meeting will be held to review ARARs, potential
remedial alternatives and establish points of compliance.

The Agency Review Draft FS must include a detailed analysis of each remedial alternative
according to the applicable requirements of WAC 173-340-351 and 173-204-550. The remedial
alternatives will be evaluated for compliance with the applicable requirements of WAC 173-
340-360 and 173-204-570.

The remedial alternative that is judged to best satisfy the evaluation criteria will be identified.
Justification for the selection will be provided, and the recommended remedial alternative
further developed, in the FS Report.

TransAlta shall prepare two (2) copies of the Agency Review Draft FS and submit them,
including one electronic copy in Word (.doc) and Adobe (.pdf) formats, to Ecology for review.
After addressing Ecology’s comments on the Agency Review Draft FS, TransAlta shall prepare
three (3) copies of the Public Review Draft FS and submit them, including one electronic copy
each in Word {.doc) and Adobe (.pdf) formats, to Ecology for distribution and public comment.
The FS will not be considered Final until after a public review and comment period.

Task 5. SEPA compliance

TransAlta shall be responsible for complying with the State Environmental Policy Act (SEPA)
Rules including preparing and submitting an environmental checklist. If the result of the
threshold determination is a determination of significance (DS), TransAlta shall be responsible
for the preparation of Draft and final environmental impact statements. TransAlta shall assist
Ecology with coordinating SEPA public involvement requirements with MTCA public
involvement requirements whenever possible, such that public comment periods and meetings
or hearings can be held concurrently.

Task 6. Public participation

TransAlta shall support Ecology in presenting the Public Review Draft Rl Report and the Public
Review Draft FS Reports and SEPA evaluations at one public meeting or hearing. TransAlta will
assist Ecology with presentations at any additional meetings or hearings that might be
necessary for SEPA compliance or as part of the Public Participation Plan.
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After the public comment periods are completed, TransAlta shall prepare a Agency Review
Draft Responsiveness Summary that addresses public comments. TransAlta shall prepare two
(2) copies of the Agency Review Draft Responsiveness Summary and submit them to Ecology for
review and approval, including one electronic copy each in Word (.doc) and Adobe {.pdf)
formats, to Ecology for distribution and public comment.

After addressing Ecology’s comments and after Ecology approval, TransAlta shall prepare five
(5) copies of the Final Responsiveness Summary and submit them to Ecology for distribution,
including one electronic copy each in Word (.doc) and Adobe (.pdf) formats.

Task 7. Preliminary draft Cleanup Action Plan

Upon Ecology approval of the Public Review Draft Remedial Investigation Report and Public
Review Draft Feasibility Study, a Key Project Meeting will be held regarding the Cleanup Action
Plan. The Cleanup Action Plan Meeting will be used to review plans for developing the Agency
Review preliminary Draft Cleanup Action Plan (DCAP).

TransAlta shall prepare an Agency Review preliminary DCAP in accordance with WAC 173-340-
380 that provides a proposed remedial action to address the contamination present on the Site.
The preliminary DCAP shall include a general description of the proposed remedial actions,
cleanup standards developed from the RI/FS and rationale regarding their selection, a schedule
for implementation, description of any institutional controls proposed, and a summary of
applicable local, state, and federal laws pertinent to the proposed cleanup actions.

TransAlta will submit an Agency Review preliminary DCAP for Ecology’s review and approval.
The Agency Review preliminary DCAP will include, but not be limited to, the information listed
under WAC 173-340-380. TransAlta shall prepare two (2) copies of the Agency Review
preliminary DCAP and submit them, including one electronic copy each in Word (.doc) and
Adobe {.pdf) formats, to Ecology for review and approval.

After receiving Ecology’s comments on the Agency Review preliminary DCAP, if any, TransAlta
shall revise the preliminary DCAP to address Ecology’s comments and submit five (5) copies of
the Public Review DCAP including one electronic copy each in Word (.doc) and Adobe {.pdf)
formats.

Task 8. Implementation of CAP
TransAlta agrees, as part of the AO, that they will implement the final CAP following both public
review and Ecology approval.

Schedule of deliverables
The schedule for deliverables described in the Agreed Order and the Scope of Work is
presented below. If the date for submission of any item or notification required by this
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Schedule of Deliverables occurs on a weekend, state or federal holiday, the date for submission

of that item or notification is extended to the next business day following the weekend or
holiday. Where a deliverable due date is triggered by Ecology notification, comments or
approval, the starting date for the period shown is the date TransAlta received such
notification, comments or approval by certified mail, return receipt requested, unless otherwise
noted helow. Where triggered by Ecology receipt of a deliverable, the starting date for the
period shown is the date Ecology receives the deliverable by certified mail, return receipt
requested, or the date of Ecology signature on a hand-delivery form.

RI/FS Deliverables

Completion Times

Agency Review Draft Supplemental
RI Work Plan

60 calendar days following effective date of the
Agreed Order

Completion of RI Field Work

12 months following Ecology approval of the Final
SAP, QAPP and HSP

Agency Review Draft Rl Report

90 days following receipt of validated laboratory data
package

Public Review Draft Rl Report

45 calendar days following receipt of Ecology’s
comments on Agency Review Draft Rl Report

Agency Review Draft FS

90 days following Ecology approval of Public Review
Draft Rl Report

Public Review Draft FS

45 calendar days following receipt of Ecology’s
comments on the Agency Review draft FS

Agency Review preliminary Draft
Cleanup Action Plan (DCAP)

90 calendar days following Ecology approval of the
Public Review Draft FS.

Implementation of Final CAP

Following public comment on Ecology’s DCAP,
Ecology will finalize the CAP. Final CAP will detail
schedule for design and construction of remedy.
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EE An official website of the United States government Here's how you know

c United States®

Bureau

QuickFacts
Centralia city, Washington

QuickFacts provides statistics for all states and counties. Also for cities and towns with a population of 5,000 or more.

Enter state, county, city, town, or zip code -- Select a fact --
Table
All Topics g;r;t}:?rlligats:y,
© Total retail sales per capita, 2022 (c) $15,414
Population
© Population estimates, July 1, 2024, (V2024) & 19,061
© Population estimates base, April 1,2020, (V2024) & 18322
© Population, percent change - April 1, 2020 (estimates base) to July 1, 2024, (V2024) & 4.0%
© Population, Census, April 1,2020 18,183
© Population, Census, April 1,2010 16,336
Age and Sex
© Persons under 5 years, percent A 6.4%
© Persons under 18 years, percent & 209%
@ Persons 65 years and over, percent A 19.2%
@ Female persons, percent A 52.1%
Race and Hispanic Origin
© White alone, percent & 79.8%
© Black alone, percent (a) (a) A 1.2%
© American Indian and Alaska Native alone, percent (a) (a) A& 0.6%
© Asian alone, percent (a) (a) & 1.2%
© Native Hawaiian and Other Pacific Islander alone, percent (a) (a) A 0.1%
© Two or More Races, percent A 11.9%
© Hispanic or Latino, percent (b) (b) & 19.8%
© White alone, not Hispanic or Latino, percent A& 72.9%
Population Characteristics
@ Veterans, 2019-2023 1,124
© Foreign-born persons, percent, 2019-2023 8.7%
Housing
© Housing Units, July 1, 2024, (V2024) X
@ Owner-occupied housing unit rate, 2019-2023 58.5%
© Median value of owner-occupied housing units, 2019-2023 $267,600
© Median selected monthly owner costs - with a mortgage, 2019-2023 $1,602
© Median selected monthly owner costs -without a mortage, 2019-2023 $606
© Median gross rent, 2019-2023 $1,003
© Building Permits, 2024 X
Families & Living Arrangements
© Households, 2019-2023 7,368
© Persons per household, 2019-2023 2.46
@ Living in the same house 1 year ago, percent of persons age 1 year+, 2019-2023 82.9%
© Language other than English spoken at home, percent of persons age 5 years+, 2019-2023 17.1%
Computer and Internet Use
© Households with a computer, percent, 2019-2023 93.1%
@ Households with a broadband Internet subscription, percent, 2019-2023 Is this page helpful?

Education

@ High school graduate or higher, percent of persons age 25 years+, 2019-2023

Df]_“:' Yes f——L;EI No



© Bachelor's degree or higher, percent of persons age 25 years+, 2019-2023 17.6%

Health
© With a disability, under age 65 years, percent, 2019-2023 15.9%
@ Persons without health insurance, under age 65 years, percent & 133%
Economy
@ In civilian labor force, total, percent of population age 16 years+, 2019-2023 54.9%
@ In civilian labor force, female, percent of population age 16 years+, 2019-2023 46.0%
© Total accommodation and food services sales, 2022 ($1,000) (c) 75,855
@ Total health care and social assistance receipts/revenue, 2022 ($1,000) (c) 367,821
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Transportation
© Mean travel time to work (minutes), workers age 16 years+, 2019-2023 26.3

Income & Poverty

© Median households income (in 2023 dollars), 2019-2023 $52,387
© Per capita income in past 12 months (in 2023 dollars), 2019-2023 $28,232
© Persons in poverty, percent & 19.9%
Businesses
© Total employer establishments, 2023 X
© Total employment, 2023 X
© Total annual payroll, 2023 ($1,000) X
© Total employment, percent change, 2022-2023 X
© Total nonemployer establishments, 2023 X
© All employer firms, Reference year 2022 466
© Men-owned employer firms, Reference year 2022 S
© Women-owned employer firms, Reference year 2022 185
© Minority-owned employer firms, Reference year 2022 S
© Nonminority-owned employer firms, Reference year 2022 284
© Veteran-owned employer firms, Reference year 2022 8
@ Nonveteran-owned employer firms, Reference year 2022 360
Geography
© Population per square mile, 2020 2,385.9
@ Population per square mile, 2010 2,202.7
@ Land area in square miles, 2020 7.62
@ Land area in square miles, 2010 7.42
© FIPS Code 5311160

About datasets used in this table
Value Notes
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open ended distribution.
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About the Report

Scientists from Environmental Health and Engineering, Inc. (EH&E) were commissioned by the American Lung
Association to prepare a report on public health and environmental impacts of hazardous air pollutant emissions
from coal-fired power plants that would be a useful resource for the general public. This report represents the
integrated effort of numerous talented individuals within our organization whose contributions were made under
the direction of David L. MacIntosh, Sc.D., C.I.H., and John D. Spengler, Ph.D.

David L. MaclIntosh, Sc.D. C.I.H., is a Principal Scientist and Associate Director of Advanced Analytics and Building
Science at EH&E where he manages a group of scientists and engineers who specialize in determining the complex
relationships among sources, pathways, and receptors of environmental stressors that influence public health in
the built environment. Dr. MacIntosh is a former tenured faculty member of the University of Georgia and is
currently an Adjunct Associate Professor at the Harvard School of Public Health where he teaches courses on
exposure assessment and environmental management. He earned a doctorate in Environmental Health from the
Harvard School of Public Health. He is also a Certified Industrial Hygienist. Dr. MacIntosh is active in professional
service through the International Society for Exposure Science, the U.S. Environmental Protection Agency FIFRA
Science Advisory Panel, the Centers for Disease Control and Prevention, and the World Health Organization.

John D. Spengler, Ph.D. is the Akira Yamaguchi Professor of Human Health and Habitation, Harvard School of
Public Health and Director of the Sustainability and Environmental Management program at the Extension School.
Dr. Spengler has conducted research in the areas of personal monitoring, air pollution health effects, indoor air
pollution, and a variety of environmental sustainability issues. He is the author of numerous articles on air quality
and other environmental issues, and co-author or co-editor of Health Effects of Fossil Fuel Burning: Assessment and
Mitigation; Indoor Air Pollution: A Health Perspective; Particles in Our Air: Concentrations and Health Effects; and Indoor
Air Quality Handbook. In 2003, Dr. Spengler received a Heinz Award for the Environment; in 2007, he received the
Air and Waste Management Association Lyman Ripperton Environmental Educator Award; and in 2008 he was
honored with the Max von Pettenkofer award for distinguished contributions in indoor air science from the
International Society of Indoor Air Quality and Climate's Academy of Fellows.

EH&E is grateful to James E. Staudt, Ph.D., Andover Technology Partners, for preparing the first draft of sections
on air pollution control systems for hazardous and criteria air pollutant emissions.

EH&E is also grateful to John Bachmann, Vision Air Consulting, LLC for providing input and advice on the science
and policy matters presented in the report.

ii | Emissions of Hazardous Air Pollutants from Coal-Fired Power Plants



EXECUTIVE SUMMARY
1.0 INTRODUCTION
2.0 HAZARDOUS SUBSTANCES IN COAL

3.0 HAZARDOUS AIR POLLUTANT EMISSIONS

I I 3 T oY 1 LT

3.2 Toxicological Properties.................cooiiiiiiii

3.3 Health and Environmental Impacts .................ccccooooii e,

4.0 TRANSPORT OF COAL-FIRED POWER PLANT HAZARDOUS AIRPOLLUTANTS

5.0 CONTROL OF HAZARDOUS AIR POLLUTANTS FROM COAL-FIRED POWER PLANTS

6.0 CONCLUSIONS

E“ iii | Emissions of Hazardous Air Pollutants from Coal-Fired Power Plants

“IE




EH
“IE

List of Tables:

Table 1. Toxicological and Environmental Properties of Hazardous Air Pollutants (HAPs)

Emitted from Electric Generating Stations Fueled by Coal..............cccccoooiiii, 5
Table 2. Characteristics of Major Coal Types Used to Generate Electricity in the United States ......... 8
Table 3. Contributions of Coal-Fired Power Plants to Selected Hazardous Air .............ccccovvveeeeeeenn. 11

Table 4. Toxicological and Environmental Properties of Hazardous Air Pollutants (HAPs)

Emitted from Electric Generating Stations Fueled by Coal..............cccccoooiiiii s 12
Table 5. Residence Time of Hazardous Air Pollutants in the Atmosphere...........ccovevviiiiiiiiiiieeicenee. 24
Table 6. Currently Available Control Technologies in Use for Reduction of Emissions of

Air Toxics from Coal-Fired Power PIants ..........ccoooiiioiii e 30
Table 7. Comparison of Average Emission Rate of Condensable Particulate Matter for Bituminous

Coal Facilities With and Without Wet Flue Gas Desulfurization (“Scrubbers”).................... 32
Table 8. Comparison of Average Emission Rate of Condensable Particulate Matter from

Facilities With and Without Dry Sorbent Injection (DSI) ..........cccooiiiiiiiiiii s 33

iv| Emissions of Hazardous Air Pollutants from Coal-Fired Power Plants



List of Figures:

Figure I. Air Pollution Health Effects Pyramid........cccccorreeeneenceneinemnesensecencencesesscnseeeennee

Figure 2. Coal, in Natural Form 7
Figure 3. Annual Coal Consumption (tons per year) for Generation of Electricity for Sale

by Coal-Fired Power Plants in the United States. ........cccoeeerererenreneeneineineseseeeseseesessensesessssessenee 9

Figure 4. Proportion of Total Hazardous Air Pollutant Emissions From Coal-Fired Power Plants and
Other Stationary Sources According to Data in the National Emissions Inventory from the

U.S. Environmental Protection AZENCY........ccceeeeveureureuresenseceseesensensesenees 10

Figure 5. Panel A—Location and Size of Annual Mercury Emissions to Air;

Panel B—Annual Amounts of Mercury Deposition in Rainfall 17

Figure 6. Hazardous Air Pollutants as a Component of Particulate Matter........c.cooeveeeeenerenerenseneineenennes 18

Figure 7. Fine PM: Aerosols Smaller than 2.5 microns Across (PM,;), Compared with a

Human Hair and a Grain of SANd. ......ccrccineneneeeeeeeeseisessesseseeessessessessessesessessssesacs 19
Figure 8. Air Pollution Health Effects Pyramid 21
Figure 9. Schematic of the Likely Range that Hazardous Air Pollutants are Transported........ccccoccovveunnee. 23

Figure 10.Schematic of Location of Initial Ground-level Impacts in Relation to Height of

Hazardous Air Pollutant Release..........coveevvuennnee. 25

Figure 11. Annual Average Concentrations of Fine Particulate Matter (PMas) Estimated for Counties of
the Contiguous United States as a Result of Emissions of Primary PM, s, Sulfur Dioxide, and

Oxides of Nitrogen from || Coal-Fired Power Plants in Michigan..........coeoeecvcrenecencincuncunenne. 27

E“ v | Emissions of Hazardous Air Pollutants from Coal-Fired Power Plants

“IE




E“ vi | Emissions of Hazardous Air Pollutants from Coal-Fired Power Plants

“IE

LIST OF ABBREVIATIONS AND ACRONYMS

ACI
ACS
ATSDR
BTU
CAA
CASAC
CDF
DOE
DSI
EH&E
EIA
EPA
ESP
FBC
FGD
HAP
HCI
HCN
HF

ICR

ISA

Ib
MACT
MW
NADP
NEI
NESHAP
NOx
NRC
PAH
PM
PMys
PMo
SO,
2,3,7,8-TCDD
TEQ
Hg/md
WHO

Activated carbon injection

American Cancer Society

Agency for Toxic Substances and Disease Registry

British Thermal Unit

Clean Air Act

U.S. EPA Clean Air Scientific Advisory Committee
Chlorodibenzofuran

U.S. Department of Energy

Dry Sorbent Injection

Environmental Health & Engineering, Inc.

Energy Information Administration

U.S. Environmental Protection Agency

Electrostatic Precipitator

Fluidized bed combustion

Flue gas desulfurization

Hazardous air pollutant

Hydrochloric acid

Hydrogen cyanide

Hydrogen fluoride

U.S. EPA Electric Utilities Information Collection Request
U.S. EPA Integrated Science Assessment

Pound

Maximum Available Control Technology

Megawatt

National Atmospheric Deposition Program

National Emissions Inventory

National Emissions Standard for Hazardous Air Pollutants
Nitrogen oxides

National Research Council of the National Academies
Polycyclic aromatic hydrocarbon

particulate matter

particulate matter that is 2.5 micrometers or smaller in size
particulate matter that is 10 micrometers or smaller in size
Sulfur dioxide

Tetrachlordibenzo-p-dioxin

Toxicity equivalent

microgram per cubic meter

World Health Organization



EH
“IE

EXECUTIVE SUMMARY

The U.S. Environmental Protection Agency (EPA) will soon propose new limits on hazardous air
pollutants released to the atmosphere from coal- and oil-fired power plants. The proposal, known as
the “Utility Air Toxics Rule”, will set new limits on emissions of hazardous air pollutants, which are
defined by Congress as chemical pollutants that are known or suspected to cause cancer or other
serious health effects, such as reproductive problems or birth defects, and that adversely affect the
environment. The new power plant limits are to be based on the emissions performance of the best
performing power plants and pollution control systems currently in use. When the rules are in place,
this will be the first time that EPA has implemented federal limits on mercury, arsenic, lead,

hydrochloric acid, hydrofluoric acids, dioxins, and other toxic substances from coal-fired power plants.

The American Lung Association commissioned Environmental Health & Engineering, Inc. to prepare a
report on public health and environmental impacts of hazardous air pollutant emissions from coal-fired
power plants that would be a useful resource for the general public. The major findings of the report

are summarized here.

Sources and Emissions

e Over 440 power plants greater than 25 megawatts located in 46 states and Puerto Rico, burn coal
to generate electric power (USEPA, 2010a); coal combustion accounts for 45% of electricity

produced in the United States (USDOE, 2009a).

e The National Emissions Inventory prepared by EPA indicates that emissions to the atmosphere
from coal-fired power plants:
o contain 84 of the 187 hazardous air pollutant identified by EPA as posing a threat to human
health and the environment,
o release 386,000 tons of hazardous air pollutants annually that account for 40% of all hazardous
air pollutant emissions from point sources, more than any other point source category, and
o are the largest point source category of hydrochloric acid, mercury, and arsenic releases to air

(USEPA 2007).

e Coal-fired power plants are also a major source of emissions for several criteria air pollutants;

including sulfur dioxide, oxides of nitrogen, and particulate matter.

I | Emissions of Hazardous Air Pollutants from Coal-Fired Power Plants



Toxicity and Impacts on Public Health and the Environment

Hazardous air pollutants emitted to the atmosphere by coal-fired power plants can cause a wide
range of adverse health effects including damage to eyes, skin, and breathing passages; negative
effects on the kidneys, lungs, and nervous system; the potential to cause cancer; impairment of
neurological function and ability to learn; and pulmonary and cardiovascular disease (USEPA, 1998;

USEPA, 201 la; USEPA, 201 Ib).

Public health risks associated with exposure to mercury in food and metals in airborne fine
particulate matter are among the most notable adverse health and environmental impacts

associated with emissions of hazardous air pollutants from coal-fired power plants.

Coal-fired power plants can be significant contributors to deposition of mercury on soil and water.

o A study in eastern Ohio reported that coal combustion accounted for 70% of the mercury
present in rainfall (Keeler et al., 2006).

o In the same area, 42% of the mercury in samples of rain collected in the summer was attributed
to emissions from a coal-fired power plant located less than a mile away (White et al., 2009).

o Mercury that deposits to the earth’s surface from air can make its way into waterways where it
is converted by microorganisms into methylmercury, a highly toxic form of mercury

(Grandjean 2010).

EPA has determined that exposure to fine particulate matter is a cause of cardiovascular effects
including heart attacks and the associated mortality; is likely a cause of hospital admissions for
breathing problems and worsening of existing respiratory illness such as asthma; and is linked to
other adverse respiratory, reproductive, developmental, and cancer outcomes (USEPA, 2009a;

CASAC 2010).

Hazardous air pollutants, such as arsenic, beryllium, cadmium, chromium, lead, manganese, nickel,
radium, selenium, and other metals, are integral components of fine particulate matter emitted

directly from coal-fired power plants.

The metal content of fine particulate matter has been linked to cardiovascular public health impacts

in epidemiological and other studies (e.g. Zanobetti et al., 2009).
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e In a recent population-based health impact assessment, particulate matter emitted directly from
coal-fired power plants was estimated to account for an average of $3.7 billion! of public health

damages each year (NRC, 2010).
e Environmental impacts of power plant hazardous air pollutant emissions include acidification of the

environment, bioaccumulation of toxic metals, contamination of rivers, lakes, and oceans, reduced

visibility due to haze, and degradation of buildings and culturally important monuments.

Air pollution health effects pyramid

=

er D"'&
Heart attacks, strokes. .
respiratory disease, medical visits 65&

7=
Asthma attacks, respiratory and %‘
cardiovascular symptoms, medication use \

Eye, nose, respiratory track irritation, lung function

changes, immune cell response, heart rate variability

Proportion of People Affected

Figure |. Air Pollution Health Effects Pyramid. Health effects of air pollution
are portrayed as a pyramid, with the mildest and most common effects at the
bottom of the pyramid, and the more severe but less frequent effects at the
top of the pyramid. The pyramid shows that as severity decreases the number
of people affected increases. Exposure to air pollution can affect both the
respiratory and the cardiac systems. Adapted from USEPA, 2010b.

Transport and Range of Impacts

e Hazardous air pollutants released from coal-fired power plants influence environmental quality and

health on local, regional, and global scales.

! Based on average damages of $9 million per coal-fired power plant determined in an analysis of 406 plants.
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Impacts of certain hazardous air pollutants, including most acid gases and some forms of mercury,

appear to impact most heavily on the immediate vicinity of the facility.

Impacts of non-mercury metals and other persistent hazardous air pollutants released from coal-

fired power plants are greatest near the source, but can also influence the environment and health

far from the source.

o Analyses of coal-fired power plants have found that public health damages per person were
two to five times greater for communities near the facilities than those for populations living at
a greater distance from the plants (Levy and Spengler 2002).

o Analyses conducted by EPA, the National Research Council, and other scientists show that
emissions from coal-fired power plants cross state lines and impart public health damages on a

regional scale.

Emission Controls for Hazardous Air Pollutants

Emission rates of hazardous air pollutants vary widely among coal-fired power plants in the United
States, in part because of variation in the use of technologies that can remove pollutants from

exhaust gases.

Hazardous air pollutant emissions from a sample of coal-fired power plants that use multiple
modern control technologies were 2 to 5 times lower on average than for a random sample of

plants selected by EPA.

Controls on acid gas and non-mercury metal emissions are likely to reduce emissions of sulfur
dioxide and primary particulate matter. As a result, controlling hazardous air pollutant emissions is

expected to generate substantial public health and environmental benefits.

Use of more effective control technologies by more coal-fired power plants as a result of the
Utility Air Toxics Rule is expected to reduce the public health and environmental impacts of

electricity generated by combustion of coal.
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Table I. Toxicological and Environmental Properties of Hazardous Air Pollutants (HAPs)
Emitted from Electric Generating Stations Fueled by Coal.
Environmental
Class of HAP Notable HAPs Human Health Hazards
Hazards
. I : . Acid precipitation,
. Hydrogen chloride, Irritation to skin, eye, nose, throat, breathing precip
Acid Gases . damage to crops and
Hydrogen fluoride passages.
forests.
Probable carcinogen: soft-tissue sarcomas, Deposits into rivers,
. 2,3,7,8- lymphomas, and stomach carcinomas. May lakes and oceans and is
Dioxins and L .
tetrachlorodioxin cause reproductive and developmental taken up by fish and
Furans - TR .
(TCDD) problems, damage to the immune system, and | wildlife. Accumulates in
interference with hormones. the food chain.
Damage to brain, nervous system, kidneys and | Taken up by fish and
Mercury Methylmercury liver. Causes neurological and developmental wildlife. Accumulates in
birth defects. the food chain.
Arsenic, beryllium, . . ) Accumulates in soil and
. yin Carcinogens: lung, bladder, kidney, skin. .
cadmium, chromium . sediments. Soluble forms
. . May adversely affect nervous, cardiovascular, .
Non-Mercury nickel, selenium, . . may contaminate water
dermal, respiratory and immune systems.
Metals manganese systems.
and Metalloids Damages the developing nervous system, may | Harms plants and
(excluding adversely affect learning, memory, and wildlife; accumulates in
radioisotopes) Lead behavior. May cause cardiovascular and kidney | soils and sediments. May
effects, anemia, and weakness of ankles, wrists | adversely affect land and
and fingers. water ecosystems.
Naphthlalene,

Polynuclear
Aromatic
Hydrocarbons
(PAH)

benzo-a-anthracene,
benzo-a-pyrene,
benzo-b-fluoranthene,
chrysene,
dibenzo-a-anthracene

Probable carcinogens. May attach to small
particulate matter and deposit in the lungs.
May have adverse effects to the liver, kidney,
and testes. May damage sperm cells and cause
impairment of reproduction.

Exists in the vapor or
particulate phase.
Accumulates in soil and
sediments.

Carcinogen: lung and bone.

Deposits into rivers,

Radium . . . i
Bronchopneumonia, anemia, brain abscess. lakes and oceans and is
- taken up by fish and
Radioisotopes TLTH .
Urani Carcinogen: lung and lymphatic system. Kidney | Wildlife. Accumulates in
XTI disease. soils, sediments, and in
the food chain.
May cause irritation of the skin, eyes, nose,
. and throat; difficulty in breathing; impaired
Aromatic . Y & Imp Degrade through
function of the lungs; delayed response to a . o
hydrocarbons chemical reactions in the

Volatile
Organic
Compounds

including benzene,
toluene, ethylbenzene,
xylene

visual stimulus; impaired memory; stomach
discomfort; and effects to the liver and
kidneys. May also cause adverse effects to the
nervous system. Benzene is a known
carcinogen.

Aldehydes including
formaldehyde

Probable carcinogen: lung and nasopharyngeal
cancer.

Eye, nose, and throat irritation, respiratory
symptoms.

atmosphere and
contribute to carbon-
based radicals that
contribute to formation
of ground-level ozone
and its human health
effects.

Hazard information compiled from toxicological profiles and concise chemical assessment documents for specific pollutants
published by the Agency for Toxic Substances and Disease Registry and World Health Organization and available on-line
(ATSDR, 201 1; WHO, 201 1).
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1.0 INTRODUCTION

In accordance with the Clean Air Act, the U.S. Environmental Protection Agency (EPA) will propose
new limits on emissions of hazardous air pollutants released to the atmosphere from large power
plants that burn coal and oil to generate electricity for sale. EPA will issue the proposed rule by March
16, 2011 as required by a court settlement (US District Court Consent Decree, 2010). The proposal
will establish, for the first time, federal limits on emissions of hazardous air pollutants from coal- and
oil-fired power plants. Commonly abbreviated as HAPs, hazardous air pollutants are chemical
pollutants that are known or suspected to cause cancer or other serious health effects, such as
reproductive problems or birth defects, and that adversely affect the environment. At this time, EPA

has identified 187 chemical pollutants as HAPs (USEPA, 2010c).

Known formally as the National Emission Standards for Hazardous Air Pollutants for Utility Boilers, this
rule will apply to all coal- and oil-fired combustion units that generate more than 25 megawatts of
electricity. The new limits are to be based on the emissions performance of the maximum available
control technology (MACT). According to the Clean Air Act, the MACT standards for existing sources
are to be at least as stringent as the average emissions achieved by the best performing 12 percent of
existing sources. For new sources, MACT standards are to be at least as stringent as the control level
achieved by the best controlled similar source. The set of regulations and impending limits for electric
generating stations is known as the “Utility Air Toxics Rule”. Unlike most industry sectors, coal-fired

power plants are currently not subject to federal limits on mercury and other HAP emissions.

The American Lung Association commissioned Environmental Health & Engineering, Inc. to prepare this

report on HAPs and power plants that generate electricity by burning coal. The report is intended to

be a resource for the non-scientific community that summarizes:

e Releases of HAPs to the atmosphere from combustion of coal (i.e., emissions),

e How these substances are transported and where they end up in the environment (i.e., transport
and fate),

e Hazards posed by these HAPS and their impacts on human health and the environment (i.e,,
toxicity and impact), and

e Controls on releases of HAPs and the likely implications of more widespread use on coal-fired

power plants (i.e., air pollution control technologies and their benefits).
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2.0 HAZARDOUS SUBSTANCES IN COAL

Coal is a carbon-rich mineral that has been used to generate electricity in this country since the 1800s
(NRC 2010). The United States is home to more than a quarter of the world’s recoverable coal
reserves. In 2008, more than | billion tons (2 trillion pounds) of coal was extracted from the earth at
more than 1,600 mining operations throughout the country, approximately half of which was used for
electricity generation. The electric energy generated from coal accounts for 45% of all electricity

produced in the United States (USDOE, 2009a).

Coal is formed from fossilized plant life that is subjected to pressure
and heat over millions of years. As coal is formed, it incorporates
substances (impurities) from the surrounding soil and sediment,
including sulfur and heavy metals. Some of these impurities consist
of hazardous materials such as mercury, arsenic, lead, and nickel.

The nature and extent of impurities in any given seam of coal

depends on the conditions over the long period during which the
coal is formed. Figure 2. Coal, in Natural
Form

Ultimately however, coal is classified into one of four types based on its heating value, ash content, and
moisture, which in part reflect the extent of impurities present. As shown in Table 2, two types of coal
— bituminous and sub-bituminous — account for over 90% of coal use in the country. Pyrite, a mineral
rich in iron and sulfur, is a common impurity in bituminous coal, and is a primary host for arsenic and
mercury. Sub-bituminous coal contains substantially less sulfur than bituminous coal and is therefore
often favored by power plants that desire relatively low emission rates of sulfur dioxide, an important
precursor to acid rain and fine particle pollution. Coal is sometimes washed with water and special
chemicals to reduce some of the impurities. When burned, the impurities in coal are released and can
be emitted to the atmosphere if not captured by air pollution control equipment operated at the

power plant.

The average concentrations of hazardous substances present in various types of coal as reported by
EPA are also shown in Table 2. Comparing the two types of coal used predominantly in the U.S.; sub-
bituminous coal contains two to three times lower concentrations than bituminous coal of many
substances that become HAPs when emitted from the exhaust stack of a power plant. However, sub-

bituminous coal has a lower heating value than bituminous coal. As a result, more
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sub-bituminous coal than bituminous coal must be burned to produce the same amount of electricity.
This means that emissions of mercury and non-mercury HAPs from the two major types of coal can be
comparable for a given amount of electricity output even though concentrations of HAPs within the

coal types are different.

Table 2. Characteristics of Major Coal Types Used to Generate Electricity in the United States

Characteristic Anthracite Bituminous Sub-bituminous Lignite

Principal Characteristics'

Percentage of U.S. Less than 0.1% 46.9% 46.3% 6.9%
Production
Heating Value I5 Il1-15 8-13 4-8
(BTU/Ib)
Sulfur (%) Less than 1% 3-10% Less than 1% Less than 1%
Hazardous Air Pollutants in Coal®
Arsenic NR 0.5 0.1 0.3
Beryllium NR 0.11 0.03 0.2
Cadmium NR 0.03 0.0l 0.06
Chlorine NR 35 2.7 24
Chromium NR I.1 0.4 2.2
Lead NR 0.6 0.2 1.0
Manganese NR 1.8 1.3 20
Mercury NR 0.007 0.006 0.03
Nickel NR 0.9 0.4 1.2

BTU/Ib—British Thermal Units per pound of coal; a measure of energy density of coal
NR—Not reported
I—NRC, 2010, Table 2-3.

2—Geometric mean concentration of selected elements in coal; units are pounds per billion BTU (USEPA, 2010a).
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3.0 HAZARDOUS AIR POLLUTANT EMISSIONS

3.1 Emissions

Over 440 power plants in the United States generate electricity for sale by burning coal (USEPA,
2010a). As shown in Figure 3, coal is burned to produce electricity in power plants located throughout
the country; with Idaho, Maine, Rhode Island, and Vermont being the only states not to host a coal-
fired power plant. Coal consumption is concentrated in states of the Midwest and Southeast, although
3 of the top 10 coal consuming plants are located in Texas, near its border with Louisiana and
Arkansas. As described in more detail in Section 4.0, HAPs and other pollutants released to the air by
coal-fired power plants impact local air quality, but are also carried across state borders and

throughout the country by prevailing winds that generally flow from west to east.

Coal Burned
(Tons)
Less Than 400,000 it
-, | .
400,000 - 1,000,000 n ‘2;3 | - I~ - -
i @; | & i y D _
@ 1.000,000- 3,000,000 ", B e
w% A .

. 3,000,000 - 30,000,000

Figure 3. Annual Coal Consumption (tons per year) for Generation of Electricity for Sale by Coal-Fired Power
Plants in the United States (USEPA 201 0a; USDOE, 2009b). Additional information about the coal consumption of
individual power plants is available at www.lungusa.org/ToxicAirReport from the Table of Electric Generating
Utility Coal-fired Plants in the U.S.
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Coal-fired power plants emit 84 of the 187 HAPs identified by EPA as posing a threat to human health
and the environment (USEPA, 2007). With total emissions of 386,000 tons of HAPs annually, coal-fired
power plants account for 40% of all HAP releases from point sources? to the atmosphere, more than
any other point source category (Figure 4). These emissions include both ‘fuel-based pollutants’ — e.g,,
metals,3 hydrogen chloride, hydrogen fluoride, and mercury — that are a direct result of contaminants in
the coal that is combusted; as well as ‘combustion-based pollutants’ — e.g., dioxins and formaldehyde —

which are formed during burning of the coal (USEPA, 201 Ia).

Others (less

than 2% each) Coal Utility

Boilers

Industrial
Paper Mills  Boilers

Landfills

Chemical
Manufacturing

Figure 4 Proportion of Total Hazardous Air Pollutant Emissions From Coal-Fired Power Plants and Other
Stationary Sources According to Data in the National Emissions Inventory from the U.S.
Environmental Protection Agency (USEPA, 2007).

HAPs emitted from coal-fired power plants include neurotoxins such as mercury and lead, corrosive
substances such as hydrochloric acid, carcinogens such as arsenic and benzene, radioactive elements
such as radium, and potent organic carbon-based toxins such as dioxins and formaldehyde (USEPA,
2007; USEPA, 2010a). In addition to being the single largest class of total point source HAP emissions,
coal-fired power plants are also a major source of emissions for many of these individual HAPs. As
shown in Table 3, combustion of coal to generate electricity is the predominant source of hydrochloric

acid emissions to the atmosphere (as well as sulfur dioxide and oxides of nitrogen, which are the most

2 The term ‘point source’ refers to emissions released from a source that is stationary (does not move). Point sources are
distinct from sources that can cover a large area, such as a wildfire, and mobile sources such as cars, trucks, and off-road
machinery including bulldozers and other earth-moving equipment. Values reported here are based on the latest EPA National
Emissions Inventory. EPA is anticipated to publish updated estimates of hazardous air pollutants from coal-fired power plants
as part of the Utility Air Toxic Rule.

% As in some EPA materials, the class of pollutants referred to for simplicity here as ‘metals’ includes some elements (e.g.
arsenic and selenium) that are not, strictly speaking, fully metallic.
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important sources of atmospheric acidity). Likewise, electricity generating stations powered by coal

account for 46% of mercury, and 60% of arsenic released to the atmosphere from point sources.

Table 3. Contributions of Coal-Fired Power Plants to Selected Hazardous

Air Pollutant Emissions

Hazardous Air Pollutant Percentage of Point Source Emissions
Acid Gases 76%
(hydrochloric acid and hydrofluoric acid)
Arsenic 60%
Beryllium 28%
Cadmium 30%
Chromium 20%
Cobalt 34%
Lead 15%
Manganese 1%
Mercury 46%
All Non-Mercury Metal HAPs Emitted by 259%
Coal-Fired Power Plants
Data obtained from USEPA, 2007

3.2 Toxicological Properties

HAPS released to the atmosphere from coal-burning power plants have a wide range of toxicological
properties, a summary of which is provided in Table 4. Some of these hazardous air pollutants are
released in the form of acid gases, which can cause irritation of and tissue damage to eyes, skin, and
breathing passages at high levels of exposure. Long-term exposure to metals has the potential to affect
the kidneys, lungs, and nervous system. Beryllium can cause sensitization reactions that can remain
latent for many years then develop into a serious condition called “Chronic Beryllium Disease.”
Exposure to several of the trace elements, dioxins and furans, polynuclear aromatic hydrocarbons
(PAHSs), and volatile organic compounds (VOCs) in coal-fired power plant emissions increases the risk
of cancer. Finally, mercury is a potent neurotoxin, and high accumulation in humans is a cause of brain
damage, while lower body burdens are associated with impairment of people’s ability to learn and fine
motor control, and may be a factor in heart disease. HAPs emitted from coal-fired power plants that
have long-term impacts on the environment, such as accumulation in soil, water, and fish, and which

can ultimately affect human health are also shown in Table 4.
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Table 4. Toxicological and Environmental Properties of Hazardous Air Pollutants (HAPs)
Emitted from Electric Generating Stations Fueled by Coal.
Environmental
Class of HAP Notable HAPs Human Health Hazards
Hazards
. I : . Acid precipitation,
. Hydrogen chloride, Irritation to skin, eye, nose, throat, breathing precip
Acid Gases . damage to crops and
Hydrogen fluoride passages.
forests.
Probable carcinogen: soft-tissue sarcomas, Deposits into rivers,
. 2,3,7,8- lymphomas, and stomach carcinomas. May lakes and oceans and is
Dioxins and L .
tetrachlorodioxin cause reproductive and developmental taken up by fish and
Furans - TR .
(TCDD) problems, damage to the immune system, and | wildlife. Accumulates in
interference with hormones. the food chain.
Damage to brain, nervous system, kidneys and | Taken up by fish and
Mercury Methylmercury liver. Causes neurological and developmental wildlife. Accumulates in
birth defects. the food chain.
Arsenic, beryllium, . . ) Accumulates in soil and
. yin Carcinogens: lung, bladder, kidney, skin. .
cadmium, chromium . sediments. Soluble forms
. . May adversely affect nervous, cardiovascular, .
Non-Mercury nickel, selenium, . . may contaminate water
dermal, respiratory and immune systems.
Metals manganese systems.
and Metalloids Damages the developing nervous system, may | Harms plants and
(excluding adversely affect learning, memory, and wildlife; accumulates in
radioisotopes) Lead behavior. May cause cardiovascular and kidney | soils and sediments. May
effects, anemia, and weakness of ankles, wrists | adversely affect land and
and fingers. water ecosystems.
Naphthlalene,

Polynuclear
Aromatic
Hydrocarbons
(PAH)

benzo-a-anthracene,
benzo-a-pyrene,
benzo-b-fluoranthene,
chrysene,
dibenzo-a-anthracene

Probable carcinogens. May attach to small
particulate matter and deposit in the lungs.
May have adverse effects to the liver, kidney,
and testes. May damage sperm cells and cause
impairment of reproduction.

Exists in the vapor or
particulate phase.
Accumulates in soil and
sediments.

Carcinogen: lung and bone.

Deposits into rivers,

Radium . . . i
Bronchopneumonia, anemia, brain abscess. lakes and oceans and is
- taken up by fish and
Radioisotopes TLTH .
Urani Carcinogen: lung and lymphatic system. Kidney | Wildlife. Accumulates in
XTI disease. soils, sediments, and in
the food chain.
May cause irritation of the skin, eyes, nose,
. and throat; difficulty in breathing; impaired
Aromatic . Y & Imp Degrade through
function of the lungs; delayed response to a . o
hydrocarbons chemical reactions in the

Volatile
Organic
Compounds

including benzene,
toluene, ethylbenzene,
xylene

visual stimulus; impaired memory; stomach
discomfort; and effects to the liver and
kidneys. May also cause adverse effects to the
nervous system. Benzene is a known
carcinogen.

Aldehydes including
formaldehyde

Probable carcinogen: lung and nasopharyngeal
cancer.

Eye, nose, and throat irritation, respiratory
symptoms.

atmosphere and
contribute to carbon-
based radicals that
contribute to formation
of ground-level ozone
and its human health
effects.

Hazard information compiled from toxicological profiles and concise chemical assessment documents for specific pollutants
published by the Agency for Toxic Substances and Disease Registry and World Health Organization and available on-line
(ATSDR, 201 1; WHO, 201 1).
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3.3 Health and Environmental Impacts
Acid Gases

Hydrogen chloride and hydrogen fluoride are strongly corrosive acids, and coal-burning power plants
are reported to be the largest anthropogenic source of hydrogen chloride and hydrogen fluoride
emissions to air (USEPA, 2007). The amounts of hydrogen chloride and hydrogen fluoride produced by
a particular power plant depend in large part on the concentrations of chloride and fluoride in the coal

that is burned, and whether any emission control systems are in use.

Hydrogen fluoride is emitted as a gas or particle and can be adsorbed onto other particles (USEPA,
1998). Hydrogen fluoride particles tend to remain suspended in the atmosphere and can travel 500
kilometers or more as fine particles (USEPA, 1998). The majority of hydrogen chloride is believed to
deposit rapidly to soil and water by wet and dry deposition or attach to particles in the atmosphere

(Sanhueza, 2001).

Because of their high solubility in water, acid gas vapors can readily deposit in the upper airways.
Likewise, water bound to microscopic particles can act as a “delivery system” for acids to the alveolar
regions of the lung (USEPA, 1998). Controlled exposures of people with asthma have shown irritation
and restriction of the airways from exposure to hydrogen chloride (Fine et al., 1987). Other studies
have shown both acids to irritate and damage tissue of the eyes, nasal passages and lungs (USEPA,
201 Ib). The Agency for Toxic Substances and Disease Registry (ATSDR) characterizes hydrochloric
acid as “corrosive and can cause irritation and burns” at high concentrations (ATSDR, 201 I). Similarly,
for high exposures to hydrogen flouride the Agency states that “hydrogen fluoride is irritating to the

skin, eyes, and mucous membranes, and inhalation may cause respiratory irritation or hemorrhage”.

When combined with water, hydrogen chloride produces “strong acid”. Strong acidity in the
atmosphere also results from emissions of nitrogen-based and sulfur-based gases released from coal-
fired power plants. Other “strong acids” in the atmosphere can result from emissions of nitrogen-
based and sulfur-based gases released from coal-fired power plants (producing nitric acid and sulfuric
acid, respectively). Strong acids or their precursors that are present in inhaled particles and gases have
been linked with respiratory effects in large-scale epidemiological studies. A study of 13,000 children in
24 U.S. and Canadian cities found that strong acidity in particles was associated with increased episodes
of bronchitis and reduced lung function and acid gases were associated with asthma and related

symptoms in children (Raizenne et al., 1996; Dockery et al., 1996). A more recent major children’s
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study found also acid gases and particle pollution were associated with reduced lung function
(Gauderman et al., 2004). The focus of these landmark studies on children is significant; as children are
likely more vulnerable than healthy adults to air pollution, including acidic gases and particles. Children
have narrower airways, a faster breathing rate and tend to spend more time outdoors than adults,

resulting in greater overall exposures (Bateson and Schwartz, 2008).

Chloride released from hydrogen chloride is associated with cloud acidity (USEPA, 1998) which can
contribute to acid deposition over a regional scale. While much of the strong acidity has generally been
thought to be related to sulfur dioxide and nitrogen oxide emissions, hydrogen chloride in particular
likely plays a significant role in acid deposition in the vicinity of coal-burning power plants (USEPA,

1998).

Dioxins

The term dioxins refer to the family of structurally and chemically related polychlorinated dibenzo
dioxins and polychlorinated dibenzo furans; another group of HAPs released to the atmosphere by
coal-fired power plants. Dioxins are mainly formed as a by-product of combusting fossil fuels (WHO,
2010). Dioxins and furans are similar in chemical structure and consist of two six-sided rings composed
of carbon and oxygen to which are attached either hydrogen or chlorine atoms. The number and
position of chlorine atoms on these molecules determines the identity of each specific type of dioxin

and furan, and also strongly influences their toxicity.

Dioxins have been measured in the atmosphere in both gas and particle forms. The low-chlorinated
compounds have been found to be most prevalent in the gaseous form and the highly-chlorinated
compounds dominant in particle form (Oh et al., 2001). The compounds undergo photochemical
reactions in the lower levels of the atmosphere (troposphere). The lower-chlorinated compounds are
removed from the atmosphere primarily by this photochemical process in as little as one day. The
higher-chlorinated compounds are often associated with small particles and may reside in the
atmosphere for more than 10 days (Atkinson, 1991) during which time people can be exposed through

inhalation.
Most of the higher chlorinated dioxins eventually deposit onto soil or water bodies. Deposition of

airborne particle-bound dioxins is likely the most important direct source of dioxin input to water and

soil ecosystems (Lohmann and Jones, 1998; Zhang et al., 2009), where they tend to accumulate in
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sediments and persist in the environment for many years. Dioxins have a high affinity for fatty
molecules, which allows them to accumulate in aquatic and terrestrial food webs. As a result, humans
can be exposed to these compounds by consumption of fish and meat. A study conducted by the Food
Safety and Inspection Service of the U.S. Department of Agriculture in 2002-2003 found dioxin-like
compounds in four classes of U.S. meat and poultry (Hoffman et al., 2006). Once ingested, it can take
from 7-12 years for half of the most toxic dioxin; 2,3,7,8-TCDD; to leave the body (ATSDR, 2011).

Dioxins have also been measured in the breast milk of nursing mothers (Lorber and Phillips, 2002).

Most of the information on health effects in humans comes from studies of people who were exposed
to dioxins through contaminated food or from occupational activities (Kogevinas, 2001). Short-term,
intense exposures to dioxins can cause liver damage and skin lesions called chloracne. Long-term
exposures have been shown to harm the immune system, the developing nervous system, the
reproductive system and can disrupt hormone function. Human exposure to 2,3,7,8-TCDD and to
some mixtures of other dioxins have been linked to an excess risk of cancer for many types of cancer.

Studies have also shown a slight increased risk of developing diabetes (WHO, 2010).

Current research is focusing on the ability of dioxins to mimic natural hormones in the body and alter
their normal function; i.e., a class of contaminants known as endocrine-disrupting compounds (Casals-
Casas and Desvergne, 2011). A study of | to 9 year-old boys accidentally exposed to
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in 1976 reported that there were irreversible effects to
reproductive hormone levels and reduced semen concentration and quality in those same individuals as
adults 22 years later (Mocarelli et al. 2008). According to the World Health Organization (2010), “The
developing fetus is most sensitive to dioxin exposure. The newborn, with rapidly developing organ

systems, may also be more vulnerable to certain effects.”

Radioisotopes

The scientific term radioisotope refers to forms of certain elements that are radioactive. Materials that
are radioactive emit ionizing radiation that can damage cells and contribute to various forms of cancer
and other illness. While coal does not contain large amounts of radioactive material, the large volumes
of coal burned in power plants lead to substantial releases of radium and uranium to the atmosphere in
particle form. Combustion of coal is the leading source of radium releases to the atmosphere (ATSDR,
2011). One study estimated that 100 times more radioactivity is released from a coal-fired plant as

compared to a nuclear power plant of a similar size (McBride et al., 1978).
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Mercury

EPA identifies mercury as one of the most toxic HAPs released by coal-fired power plants, primarily
because of its ability to impair functioning of the central nervous system. Coal-fired power plants are
responsible for about one-third of all mercury emissions from human activity (USEPA, 1997). After

being released to the atmosphere, mercury can return to the earth in rain or snow.

The local impacts of that mercury can be seen in studies of eastern Ohio. Coal combustion was
estimated to account for 70% of mercury in rainfall of Steubenville, Ohio (Keeler et al., 2006), reflecting
the fact that coal-fired power plants are a major source of mercury emissions to the environment.
Comparing mercury emissions from coal-fired power plants and areas of local mercury deposition
between the western and eastern U.S. provides qualitative support for that conclusion as well (Figure
5).4 In another study in eastern Ohio, 42% of the mercury in samples of rain collected in the summer
was attributed to emissions from a coal-fired power plant located less than a mile away (White et al,
2009). This finding demonstrates that coal-fired power plants can be significant contributors to

deposition of mercury on a local scale.

Mercury that deposits to the earth’s surface from air can make its way into waterways where it is
converted by microorganisms into methylmercury, a highly toxic form of mercury (Grandjean 2010).
As these microorganisms are eaten by larger organisms, methylmercury concentrations increase with
each successive level of the food chain, in a process called bioaccumulation. The large and long-lived
predators of marine and freshwater ecosystems, including many fish favored by consumers in the U.S,,
end up with the highest methylmercury concentrations. As a result, consumption of fish and other
aquatic organisms is the predominant pathway of exposure to mercury. The amount of mercury in
people correlates with typical fish intake (MacIntosh et al., 1997; Carta et al., 2003; Mozaffarian and
Rimm, 2009).

4 Note that mercury deposition shown in the map reflects contributions from all sources as well as the effects of local and
regional meteorology, including wind patterns and rainfall. Consider Florida example, a state where there are few coal-fired
power plants, yet mercury deposition is high in comparison to some other areas of the country. Burning of everyday garbage
(i.e., incineration of municipal solid waste) is known to be an important local source of mercury deposition in Florida (Marsik
et al,, 2009)
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Panel A: Location and Size of US Power Plants by Mercury Emissions
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Panel B: Annual Amounts of Mercury Deposition in Rainfall
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Figure 5 Panel A—Location and Size of Annual Mercury Emissions to Air (M] Bradley, 2010)
Panel B—Annual Amounts of Mercury Deposition in Rainfall (NADP, 2007)

In consideration of this evidence, the major public health concern for the general population is
potential health effects of long term, low-level exposure to methylmercury that could result from
regular consumption of contaminated fish. Because of concern about the effect of methylmercury on

the developing brain in infants, numerous government agencies have issued recommendations on fish
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consumption to minimize dietary intake of mercury for women who are or may become pregnant,
nursing mothers, and young children. Children are especially at risk because mercury exposure can
interfere with nerve development, particularly in the brain (Bose-O’Reilly et al., 2010). Each year more
than 300,000 children are born in the US with high enough levels of mercury in their blood to cause
impaired performance on brain development tests and to cause permanent effects to intelligence
(Trasande et al., 2005; Axelrad et al., 2007). As part of this public health information campaign, at least
39 states have issued advisories warning against fish consumption from local waters due to mercury

contamination (USEPA, 201 Ic).

More recently, interest about public health of the general population and mercury in fish has begun to
focus on risks of cardiovascular disease and outcomes (Domingo, 2007). Current evidence indicates
that methylmercury in fish may lessen the cardiovascular benefits of regular fish consumption. As stated
by Mozaffarian (2009), this is “a finding that has major implications for regulatory decisions regarding
control of mercury emissions, because greater public health benefit may be derived from fish

consumption if mercury levels were decreased.”

Non-Mercury Metals

Many metals present in coal are
released to the atmosphere and
become part of the mix of

microscopic particles produced

PARTICLE

by coal-fired power plants. The e
majority of the mass of the
microscopic particles emitted

from coal-fired power plants

consists of sulfur compounds

which are not HAPs, but are As-Arsenic Cd—-Cadmium 5e—S5elenium OC—Organic Compounds

hazardous nonetheless and Figure 6. Hazardous Air Pollutants as a Component of Particulate Matter

addressed by a different section
of the Clean Air Act. The remainder of particles includes arsenic, beryllium, cadmium, chromium, lead,

manganese, mercury, nickel, radium, and other HAP and non-HAP elements.
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Emissions of these metals’ from coal-fired power plants are frequently referred to as primary
particulate matter (PM). They are distinct in origin from PM that is formed by chemical reactions in the

atmosphere, so called secondary PM.6

Because of the integral relationship between HAPs and particles in exhaust from coal-fired
power plants, EPA established particulate matter as a surrogate for emissions of non-mercury
metals from industrial boilers required to demonstrate attainment with the NESHAP for

Industrial, Commercial, and Institutional Boilers and Process Heaters at Major Source Facilities
(USEPA, 201 Ia).

The vast majority of primary PM emissions from coal-fired power plants are part of a class of air
pollutants known as fine PM. Fine PM is defined as aerosols that are smaller than 2.5 micrometers
(PMz25) and are smaller than the width of a human hair. Thus in addition to posing a hazard to human
health and the environmental individually, many of the metal HAPs emitted from coal-fired power

plants become part of the burden of fine particulate matter pollution in the United States (USEPA,
2009a).

CPM2s
Coembustion particles, organic
compounds, metals. etc
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HUMAN HAIR
50-70um

frvcrons) n diameter

& PMyg
Dust, polien, mold, etc.
=10 um (microns) in dametar
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Image coutesy of B L 3 EPA

Figure 7. Fine PM: Aerosols Smaller than 2.5 microns Across (PM,;), Compared with a Human Hair and a
Grain of Sand. (EPA Office of Research and Development, http://www.epa.gov/ord/ca/quick-
finder/particulate-matter.htm)

5 As in some EPA materials, the class of pollutants referred to for simplicity here as ‘metals’ includes some elements (e.g.
arsenic and selenium) that are not, strictly speaking, fully metallic.

® Emissions of sulfur dioxide and oxides of nitrogen from coal-fired power plants are a major source of secondary PM in the
United States. Secondary PM can also include large organic carbon-based molecules, such as dioxins, furans, and PAHs; that
attach to aerosols as they are carried through the air. Secondary PM will be discussed further in Section 5.
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The fact that non-mercury metals emitted from exhaust stacks of coal-fired power plants comprise part
of PM is important. When inhaled by people, some particles deposit along the respiratory tract, while
others penetrate deeply into the lung where they can enter the bloodstream. These particles aggravate
the severity of chronic lung diseases causing loss of airway function, cause inflammation of lung tissue
which results in the release of chemicals that impact heart function, and leads to changes in blood
chemistry that results in clots that can cause heart attacks (USEPA, 2010b). Inhalation of PMys over
both short and long periods of time is recognized to cause cardiovascular effects, including heart
attacks and the associated mortality. Exposure to PMy;s is also a likely cause of hospital admissions for
breathing problems and worsening of existing respiratory illness such as asthma. PM,s exposure has
been linked to other adverse respiratory, reproductive and developmental, and carcinogenic outcomes

as well (USEPA 2009a; CASAC, 2010).

Some of the largest studies of health effects related to fine particles were conducted with participation
from healthy adults living in areas across the United States. In one of the first and most important of
these community-based studies, a research group from the Harvard School of Public Health followed
over 8,000 healthy adults living in six U.S. cities for more than 14 years (the Six Cities Study). They
concluded that death rates were higher in cities with higher fine particle pollution levels; in other
words, people in those cities didn’t live as long as people in cities with cleaner air (Dockery et al.,
1993). The association between fine particles and early death was repeated in two much larger studies
using an American Cancer Society (ACS) database of over 500,000 adults located in 151 cities across
the country (Pope et al. 1995; Pope, et al. 2002). In 2000, a reanalysis of both the 1993 Six Cities study
and data from the 1995 ACS cohort provided confirmation that fine particles could shorten life
(Krewski et al., 2000). A follow-up analysis from the Six Cities Study found increased mortality

associated with the fraction of PMy;s attributed to coal combustion (Laden et al., 2006).

The findings of community-based research are supported by results of detailed studies on individuals
exposed to PMys in both everyday and laboratory settings. Those studies demonstrate that PMys
exposure elicits markers of cardiovascular damage, including irregular heartbeat as well as pulmonary
and systemic inflammation (USEPA 2010b). These findings provide consistent and compelling evidence
of fine particle pollution health impacts. In consideration of the weight of evidence, USEPA (2009a),
leading scientists (CASAC 2010; Pope and Dockery, 2006), and the American Heart Association
(Brook et al., 2004) all agree that exposure to fine particles increases the risk of asthma attack, stroke,

heart attack, and other serious illness as well as a variety of less serious, but important, effects including
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irritation of the eyes, nose, and throat, chronic bronchitis, restriction of activities, and temporary

changes in lung function.

Alir pollution health effects pyramid

Heart attacks, strokes, A
respiratory disease, medical visits '5'{““

Asthma attacks, respiratory and
cardiovascular symptoms, medication use

Eye, nose, respiratory track irritation, lung function
changes, immunc cell response, heart rate variabilicy

Proportion of People Affected

Figure 8. Air Pollution Health Effects Pyramid.

Health effects of air pollution are portrayed as a pyramid, with the mildest and
most common effects at the bottom of the pyramid, and the more severe but
less frequent effects at the top of the pyramid. The pyramid shows that as
severity decreases the number of people affected increases. Exposure to air
pollution can affect both the respiratory and the cardiac systems. Adapted
from USEPA, 2010b.

The presence of metals or other pollutants in or on particles may be important in determining the
toxicity of fine particles (Bell et al., 2007). Researchers have found that metals interact with particles to
generate ‘reactive oxygen species’ which limit the body’s ability to repair damage to its cells and
contribute to inflammation of tissue (Carter et al.,, 1997; Gurgueita et al., 2002; Wilson et al., 2002;
Valko, 2008). Exposure to particles enriched in sulfate, selenium, iron, nitrate, and organic carbon have
been associated with immune cell response and heart variability in human volunteers (Huang et al.,
2003; Chuang et al,, 2007). A recent community-based study that used Medicare records from 26
communities found greater effects on hospital admissions for cardiovascular disease when the levels of
certain metals, including chromium and nickel, were elevated in the PM,s5 (Zanobetti et al., 2009).
Similarly heart attack admissions were elevated for PMy;s enriched in arsenic, chromium, manganese,

nickel and organic carbon. In the same study, diabetes-related hospital admissions were associated with
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PM high in arsenic, organic carbon and sulfate, potential indicators of coal combustion. Another
important and recent study examined more than one million deaths across the US and found more
deaths when the fraction of aluminum, sulfate and nickel in the fine particles was highest (Franklin et al.,
2008). This study also found the number of deaths to be even higher for the combination of aluminum
with sulfate, compared to aluminum or sulfate alone, indicating they may be more toxic when

combined.

Assessments of population-based health impacts as a result of exposure to primary PM released from
coal-fired power plants also indicate the importance of non-metal HAP emissions on public health. As
described above, the scientific evidence for adverse cardiovascular and respiratory effects of fine
particulate matter is very strong and in fact sufficient to support quantitative assessments of public
health damages. The health impacts and cost to society of primary PM emissions from coal-fired power
plants have been determined in a number of analyses. For example, emissions from a single 1,230 MW
facility in Wisconsin were estimated to account for 7 premature deaths, 100 emergency room visits,
and 520 asthma attacks each year, with an annual cost of $42 million (MacIntosh et al., 2003). Estimated
impacts are significantly larger when coal-fired power plants throughout the U.S. are considered. The
National Research Council (NRC) estimated $9 million of costs as a result of direct emissions of PMy s
from the average U.S. coal-fired power plant (NRC, 2010). The NRC analysis considered 406 coal-fired
power plants across the country, which yields cumulative annual damages of $3.6 billion as a result of

primary PMys emissions from those facilities.
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40 TRANSPORT OF COAL-FIRED POWER PLANT HAZARDOUS AIR POLLUTANTS

Hazardous air pollutants released from coal-fired power plants influence environmental quality and
health on local, regional, and global scales. The extent to which a given pollutant or facility impacts each
of the scales depends on a number of factors, but principally (i) how long a given pollutant remains in
the air, (ii) physical attributes of the power plant, (iii) weather and (iv) the proximity of human
populations. These characteristics determine whether human and environmental impacts of a power

plant-related HAP are generally local or can extend to a regional or global scale.

A key factor that affects the distribution of pollution from power plant emissions is the average length
of time that HAPs stay airborne, in other words their atmospheric residence time. Atmospheric
residence time varies greatly for different classes of coal-fired power plant HAPs. This variation in
persistence directly influences how far HAPs are carried by wind and accompanying weather systems.
Assuming a typical ground-level wind speed, HAPs can travel approximately 5 to 10 miles from their
source in an hour unless they first deposit to the earth, are transformed through a chemical reaction,
or are lost from the atmosphere by any number of other means. Consequently, impacts of HAPs with
atmospheric residence times of a few hours are limited to within 15 to 30 miles of their source.
Longer-lived HAPs can travel hundreds to thousands of miles before being removed from the
atmosphere. Representative atmospheric residence times are shown in Table 5 for several major

classes of coal-fired power plant HAPs.

Spatial range of impact

Town ‘
Acid gases, organics, aldehydes, Out of State Global

metals, mercury, dioxins, particulate Metals (lead, arsenic, cadmium, Mercury, dioxins,

matter (both coarse and fine) chromium, manganese, selenium, fine particulate matter
nickel, radium, mercury, dioxins,
fine particulate matter)

Figure 9. Schematic of the likely range that hazardous air pollutants are transported.
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Table 5. Residence Time of Hazardous Air Pollutants in the Atmosphere

Indicator ; S .
HAP Group Pollutant(s) Residence Time Likely Range of Transport

Mercury Methylmercury 7-10 days Local, regional, global
Arsenic 7-9 days (lifetime) Local, regional, global
Beryllium 10 days (lifetime) Local, regional, global
Cadmium I-10 days (lifetime) Local, regional, global
Chromium Up to 7-10 days Local, regional, global

Metals Nickel “Ufz)to 30 days (half- Local, regional, global
Manganese Several days (half-life) | Local, regional
Selenium I-10 days Local, regional, global
Lead Up to 10 days Local, some regional

Radioisotopes Uranium, Radium Not reported Local, regional, global**
Chlorinated

dibenzo-p-dioxins 0.5 - 9.6 days (lifetime) | Local, regional, global

Dioxins/Furans Dibenzofurans 4 days (half-life) Local, regional

Chlorodibenzofuran | More than 10 days .
Local, regional, global

(CDFs) (half-life)

Aldehydes Formaldehyde <20 hours (half-life) Local
4-6 hour (half-life in

Benzene presence of NOx and | Local
Volatile Organic 50,)
Compounds Xylene 814 hours (half-life) | Local

Toluene 13 hours (half-life) Local

Ethylbenzene 2 days (half-life) Local

HCI/HF -5 days (half-life) Local, regional, global
Acid Gases :

HCN 530 days (half-life) Local, regional, global

Benzo-a-anthracene,
Benzo-a-pyrene,

Polycyclic Aromatic
yey Fluoranthene, Up to several days

Hydrocarbons Chrysene, (lifetime) Local, regional, global
(PAHSs) :

Dibenzo-a-

Anthracene

*Atmospheric residence time based upon lifetime or half-life as reported in chemical specific profiles published
by the Agency for Toxic Substances and Disease Registry and the World Health Organization; available on-line
(ATSDR, 2011; WHO, 2011).

**Assumed to be a component of fine particles

HAPs that interact readily with water typically have atmospheric residence times of only hours as they
quickly enter the water cycle in the form of clouds or water vapor, rivers or lakes. Hydrogen chloride,
hydrogen fluoride, and some forms of mercury are among the notable coal-fired HAPs that can be
relatively short-lived in the atmosphere. As a result, environmental and health impacts of these HAPs

are likely to be concentrated in the vicinity of the power plants from which they are released. These

E“ 24 | Emissions of Hazardous Air Pollutants from Coal-Fired Power Plants

“IE




observations are consistent with the measurements of local mercury deposition that were described in

Section 3.3.

Local impacts of coal-fired power plant HAP emissions are not limited to HAPs with short atmospheric
residence times, however. Longer-lived HAPs are also present in the immediate vicinity of the source
before being transported to other areas. These include metals such as lead, arsenic, cadmium and
chromium. Potential exposures to these HAPS can therefore be elevated in areas surrounding a coal-
fired power plant. For instance, a study of coal-fired power plants in New England found that public
health damages per person are two to five times greater for communities near the facilities than for

populations living at a greater distance from the plants (Levy and Spengler, 2002).

In addition to properties of a given pollutant and weather, the location and magnitude of local impacts
from emissions of coal-fired power plant HAP are influenced by the height of the emission point above
ground level. In general, lower stacks result in higher impacts near the source than taller stacks. The

relationship between stack height and location of ground-level impacts is illustrated in Figure 10.

b.1 Mile= 0.2 Milas 0.2 Miles 0.4 Milas 0.5 Milas 0.6 Milas

Figure 10 Schematic of location of initial ground-level impacts in relation to height of hazardous air
pollutant release.
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Stack heights for coal-fired power plants in the U.S. are 440 (134 meters) feet on average and range
from 15 feet (about 4 meters) to 1,040 feet (about 316 meters) above ground level (USEPA 2010a).
Corresponding maximum ground-level impacts range from 500 feet (about one-tenth of a mile) to
4,000 feet (about three-quarters of a mile). Consequently, the greatest ground-level impacts of HAPs

emissions from any given coal-fired power plant are typically within a mile of the facility.

Tall exhaust stacks can mitigate local air quality impacts in general, although higher discharge points also
release pollutants at an altitude where they are more readily transported on a regional and even global
scale. Taller stack heights therefore enhance instate transport of HAPs and other pollutants. Markers of
primary and secondary coal combustion have been reported in many analyses of the composition of
regional fine particulate matter pollution (e.g.; Lee et al.,, 2002; Lee et al., 2003; Lee et al.,, 2006; Rutter
et al,, 2009). Regional transport of coal-fired power plant emissions translates to regional impacts on
public health as well. One analysis of emissions from a coal-fired power plant in Wisconsin found that

80% of total public health impacts occurred beyond the state border (Maclntosh et al., 2003).

Some research has indicated that the burden of air quality impacts resulting from emissions by local
sources may be borne disproportionately by disadvantaged communities. These impacts can occur in
terms of both exposure and effect. With regard to exposure, lower-income and ethnic-minority residents
have been found to be disproportionately exposed to air pollution because of their proximity to
industrial facilities. With regard to plants that burn coal and oil for industrial processes, USEPA (2010d)
recently reported that:

“demographic analysis showed that major source boilers are located in areas where minorities’
share of the population living within a 3-mile buffer is higher than the national average. For
these same areas, the percent of the population below the poverty line is also higher than the
national average.”

In addition to elevated exposure to coal-fired power plant emissions, other research has suggested that
socially disadvantaged populations are at greater risk of adverse health effects of air pollution. In one
study, nearly 50% of the risks for premature mortality of power plant-related exposures were borne by
the 25% of the population with less than high school education (Levy et al. 2002). This result reflected
both higher background rates of mortality and higher relative risks for air pollution related mortality for
individuals with lower education. Socially disadvantaged populations also are more likely to lack access to
health care and to live in conditions associated with asthma exacerbations (Babey et al 2007). These
studies indicate that social-class and ethnic-based environmental injustices appear to exist in the

distribution of air pollution exposure and effects.
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Another example of regional impacts of coal-fired power plant emissions is provided in Figure I1. In
this case, emissions of primary PM, sulfur dioxide, and oxides of nitrogen were modeled for || coal-
fired power plants in Michigan and used to predict annual average concentrations of PMy ;5 for counties
across the continental United States. As shown on the map, the highest PMys impacts from the plants

were predicted to occur throughout the Great Lakes region and parts of New York and New England.

PM:zs Increment

By County
(Concentration)

0.01-0.03
| 0.03-0.06

I 0.06-0.84

¥ Plant Locations

Figure Il  Annual Average Concentrations of Fine Particulate Matter (PM,;) Estimated for Counties of the
Contiguous United States as a Result of Emissions of Primary PM, s, Sulfur Dioxide, and Oxides of
Nitrogen from | | Coal-Fired Power Plants in Michigan (EH&E, 201 1).
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5.0 CONTROL OF HAZARDOUS AIR POLLUTANTS FROM COAL-FIRED POWER PLANTS

The forthcoming Utility Air Toxics Rule is anticipated to establish limits for HAPs from power plants
that produce at least 25 MW of electricity for sale. The Utility Air Toxics Rule will apply to both new
and existing coal-fired power plants. According to the Clean Air Act, these plants are expected to
attain HAP emission rates that are on par with the typical best performing coal-fired power plant,
defined as the average of the cleanest 12% of the coal-fired power plants. Using the industrial boiler
rule as a guide (USEPA, 201 la), subcategories of emissions limits may be established under the Utility

Air Toxics Rule based on plant size, type of fuel, type of boiler, utilization, or other factors.

Technologies that are effective at controlling emissions of HAPs from coal-fired power plants are
already in use by some power plants as evidenced by emission data gathered by USEPA from samples of
both better controlled and randomly selected facilities (USEPA, 2010b). As shown in Figure 12,
emissions of mercury, selenium, hydrogen chloride, and hydrogen fluoride were 5 times lower from the
better controlled coal-fired power plants compared to the power plants selected at random. A 50%
reduction was observed in emissions of the other non-mercury metals, dioxins, and PAHs for the

sample of better performing plants in comparison to the random sample of plants.

The emissions data illustrated in Figure 12 reflect control efficiencies achieved by a wide range of
technologies available to reduce the amount of acid gases, mercury, non-mercury metals, and organic-
carbon based hazardous air pollutants in exhaust gas released from coal-fired power plants. A detailed
description of those technologies and analysis of their effectiveness for controlling HAPs is beyond the
scope of this report. However, an introduction to some of the more common technologies is provided
here to aid understanding of the operating principles of these systems and the extent to which they are

deployed in coal-fired power plants across the United States.
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Figure 12. Comparison of Average Hazardous Air Pollutant Emissions from Top Performing and Randomly

Selected Coal-Fired Power Plants Selected by EPA (EPA 2010). Abbreviations: PAHs—
polynuclear aromatic hydrocarbons; TEQ—toxicity equivalents for subgroups of dioxins and
furans.
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Three major categories of air pollution control equipment are used to reduce emissions of HAPs

including systems for acid gases, particulate matter, and mercury (Table 6). A portion of coal-fired

power plants in the U.S. already use these technologies. More facilities are expected to install these or

similar technologies in response to the new Utility Air Toxics Rule.

Table 6. Currently Available Control Technologies in Use for Reduction of Emissions of

Air Toxics from Coal-Fired Power Plants

Number of Coal-

Combustion (FBC)

Hydrogen cyanide
Collateral pollutants
Sulfur dioxide

through a bed of limestone and fuel
during combustion.

Control Which Pollutants Fired-Power Plants
i ?
Technology Are Controlled? How Does this Technology Worl? Using This
Technology
Acid Gas Control Technologies
HAPs:
Hydrogen chlorlde Liquid mixed with limestone is sprayed
Hydrogen fluoride : o . )
Wet Flue Gas Hydrosen cvanide into the emission, producing wet solid by-
Desulfurization M);rcuf 4 products. Sulfur oxides react with 144 (32%)
(FGD) (Scrubbers) Y limestone to form calcium sulfite and
Collateral Pollutants .
s calcium sulfate.
Sulfur dioxide
Particulate matter
HAPs:
Hydrogen chloride
Dry Flue Gas Hydrogen ﬂuor'lde I?m|§5|or.ls are Passgd through a stream of
o Hydrogen cyanide liquid mixed with lime or a bed of basic o
Desulfurization . . formi 64 (14%)
(FGD) (Scrubbers) Mercury material such as limestone, forming salts
Collateral Pollutants which are captured using PM controls.
Sulfur dioxide
Particulate matter
HAPs:
Hydrogen chloride Dry sorbent consisting of Trona, sodium
Dry Sorbent Hydrogen fluoride bicarbonate, or lime is blown into duct, 19 (4%)
Injection (DSI) Hydrogen cyanide reacts with acid gases and is captured in °
Collateral pollutant downstream PM controls.
Sulfur dioxide
HAPs:
Hydrogen chloride | Combustion technology more efficient
Fluidized Bed Hydrogen fluoride than conventional boilers, air is blown 6 (1%)

Continued on the next page
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Table 6. Cont’d: Currently Available Control Technologies in Use for Reduction of Emissions of

Air Toxics from Coal-Fired Power Plants

Control
Technology

Which Pollutants
Are Controlled?

How Does this
Technology Worlk?

Number of
Coal-Fired-
Power Plants
Using This
Technology

Non-Mercury Metal Control Technologies

Electrostatic
Precipitators (ESP)

HAPs:
Antimony, Beryllium,
Cadmium, Cobalt, Lead,
Manganese, Nickel,
Particle phase organics

Collateral Pollutants
Other forms of primary
particulate matter

Particles are charged with electricity
and collected on oppositely charged
plates, particles are collected for
disposal/further treatment.

333 (74%)

HAPs
Antimony, Beryllium,
Cadmium, Cobalt, Lead,
Manganese, Nickel,

Emissions passed through fabric

Injection (ACI)

carbon-based compounds

absorbed by carbon and removed by

PM controls

Baghouse Particle phase organics filters and collected 157 (35%)
Collateral Pollutants
Other forms of primary
particulate matter
HAPs
Antimony, Beryllium,
Cadmium, Cobalt, Lead,
Cyclones Manganese, Nickel, . Use.centrifugal force to separate 23 (5%)
Particle phase organics particulate from gas streams.
Collateral Pollutants
Other forms of primary
particulate matter
Mercury Control Technology
Mercury, Arsenic, Powdered activated carbon (similar
Activated Carbon Chromium, Selenium, Dioxin| to charcoal) is blown into the flue gas
and other gas-phase organic | after combustion, pollutants are 58 (13%)

Notes:

[The total number of coal-fired plants (447) and the number using each type of control technology was obtained
by merging information from the U.S. Environmental Protection Agency Clean Air Markets Database (USEPA
2009b), USDOE, 2009b, and USEPA, 2010d.

A notable aspect of the information in Table 6 is that some of the technologies that are effective for
control of HAP emissions from coal-fired power plants are also effective at controlling emissions of
non-HAP air pollutants such as sulfur dioxide and particulate matter (referred to as Collateral Pollutants
in the table). As described below, control of criteria air pollutants as a collateral benefit of reducing

emissions of HAPs would be an important public health benefit of the Utility Air Toxics Rule.
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Coal, especially some bituminous coals can have significant chlorine content, which contributes to
hydrogen chloride emissions when this type of coal is burned (Staudt, 2010). Electric utility boilers that
fire bituminous coal comprise roughly half of the coal-fired electric generating capacity of the U.S. Many
of these facilities are equipped with wet scrubbers that are highly efficient at capturing hydrogen
chloride and other acid gases (e.g., hydrofluoric acid). However, a large number of bituminous fueled
units are not equipped with scrubbers—having only particulate controls, and could need acid gas

controls to meet emission limits set under the Utility Air Toxics rules.

In order to meet the emission standards for hydrogen chloride and hydrogen fluoride, some of the
uncontrolled facilities may choose to install wet or dry scrubbers, also known as flue gas
desulfurization. Wet scrubbers are more efficient at removing acid gases, but they are more costly than
dry scrubbers. Modern wet scrubbers typically reduce sulfur dioxide emissions by about 98%, have
higher capture rates for hydrogen chloride, and reduce emissions of primary PM as well. Reduction of
primary PM is supported by data in USEPA’s Information Collection Request on bituminous coal units

equipped with an electrostatic precipitator (ESP) (USEPA, 2010a).

A review of these data showed significant reductions in condensable particulate emissions when
comparing the average emissions of units with wet flue gas desulfurization versus those without it, as
shown in Table 7. Condensable particulate matter consists of substances, such as many metals, that are
a vapor in the hottest portions of an exhaust stack, but rapidly condense to form primary PM. These
results are based upon relatively small data sets and may not be representative for all facilities, but the

data show a large reduction in condensable PM from the use of this technology.

Table 7. Comparison of Average Emission Rate of Condensable Particulate Matter for

Bituminous Coal Facilities With and Without Wet Flue Gas Desulfurization

(““‘Scrubbers)
Emission Rate, pounds per million British Thermal Units
. Without Wi . .
Control Device ithout Vet With Wet Scrubbers Percent Reduction
Scrubbers
Electrostatic Precipitators 0.041* 0.009 78%
Source: EPA, 2010a. *These data included units with selective catalytic reduction, which would increase condensable
particulate matter somewhat, but typically not more than doubling it.
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Because of the cost of wet scrubbers (and to a lesser extent, dry scrubbers), other technologies are
likely to be deployed for hydrogen chloride capture from unscrubbed bituminous coal fired boilers.
Many unscrubbed facilities may install dry sorbent injection, which is much less expensive to install than
a wet scrubber. Dry sorbent injection offers the ability to reduce both hydrogen chloride and sulfur
oxides, but is generally less effective at removal of sulfur dioxide than the more costly wet or dry

scrubbers.

At one facility, hydrogen chloride and sulfur dioxide were removed using dry sorbent injection with
both a baghouse (i.e., fabric filter) and an ESP for particle collection (Davidson, 2010). This study
showed that the unit with an ESP, the most commonly used PM control device on power plants,
removed 95% of the hydrogen chloride and 50% of the sulfur dioxide. At the Mirant Potomac River
Power Plant, equipped with dry sorbent injection and an ESP, roughly 98% of hydrogen chloride and
greater than 70% of sulfur dioxide were captured (Kong, 2008). A review of power plant data showed
significant reductions in condensable PM emissions when comparing the average emissions of units with
dry sorbent injection versus those without, as shown in Table 8. As before, these results are based
upon relatively small data sets and may not be representative for all facilities, but the data show large

reductions in condensable PM from the use of this technology.

Table 8. Comparison of Average Emission Rate of Condensable Particulate Matter from

Facilities With and Without Dry Sorbent Injection (DSI)

Emission Rate, pounds per million British Thermal Units

PM Control Device Without DSI With DSI Percept
Reduction
Electrostatic Precipitators** 0.041* 0.007 83%
Fabric Filters*®* 0.028* 0.003 91%

Source: USEPA, 2010a. *These data included units with selective catalytic reduction, that would increase condensable
particulate matter somewhat, but typically not more than doubling it. ** Bituminous coal *** Powder River Basin coal

Regardless of whether scrubbers or dry sorbent injection is selected, the Utility Air Toxics Rule
standards are expected to reduce aggregate emissions of hydrogen chloride and hydrogen fluoride
from coal-fired power plants. Because of the physical and chemical properties of the available control
technologies, the measures taken to reduce HAP acid gases are also anticipated to lower emissions of
condensable PM and sulfur dioxide. These collateral benefits are important because condensable PM
and secondary PM formed from sulfur dioxide comprise the majority of fine particulate matter in most

areas of the United States.
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The public health benefits of additional PM and sulfur dioxide controls could be substantial. The
potential value of collateral benefits from the Utility Air Toxics Rule is indicated EPA’s recent
Regulatory Impact Analysis for MACT on industrial boilers (USEPA 201 1a). In that analysis, EPA
estimated that public health benefits of at least $22 billion to $54 billion would be achieved by MACT
controls on industrial boilers. In comparison, the costs of controls were estimated to be $1.4 billion.
EPA attributed over 90% of the public health benefit to reductions in sulfur dioxide emissions,
presumably achieved as a by-product of acid gas controls on those boilers. With a benefit-cost ratio of
at least 16 to I, the public health and economic value of controlling acid gas emissions from those
boilers is clear. Although not quantified directly, technologies that control acid gas emissions may also
reduce emissions of hazardous metals like mercury and selenium, which are not as effectively

controlled by conventional particle technologies. (USEPA, 2010).

While there has been some debate over whether collateral benefits can be considered in rulemaking
for HAPs, the Clean Air Act states that EPA is authorized to consider the collateral benefits of
controlling sulfur dioxide and other criteria pollutants when establishing National Emission Standards
for Hazardous Air Pollutants. This aspect of the law was recently affirmed. After consideration of
extensive public comments on this subject EPA concluded it knows of “no principle in law or common
sense” that precludes the Agency from considering collateral environmental benefits when acting to

regulate HAP emissions under the Clean Air Act (USEPA 201 Ib).
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6.0 CONCLUSIONS

The U.S. Environmental Protection Agency (EPA) will propose new limits on emissions of selected
hazardous substances to the atmosphere from utilities that burn coal and other fossil fuels. The
proposal will set new limits on emissions of hazardous air pollutants, 187 chemicals identified by EPA
according to criteria established by Congress. This is the first time that emissions limits for HAPs will
be required on all medium and large-scale power plants. The new limits are to be based on emission
rates that can be achieved by the use of maximum available control technology, referred to as MACT.
The set of regulations and impending limits for electric generating stations is known as the Utility Air

Toxics Rule.

Environmental Health & Engineering, Inc. was retained by the American Lung Association to prepare a
summary of hazardous air pollutant emissions from coal-fired power plants that would be a useful

resource for the general public. The major conclusions of the summary are as follows:

e Hazardous air pollutants emitted to the atmosphere by coal-fired power plants cause a wide range
of adverse health effects including damage to eyes, skin, and breathing passages; negative effects on
the kidneys, lungs, and nervous system; increasing the risk of cancer; impairment of neurological

function and ability to learn; and pulmonary and cardiovascular disease.

e Exhaust gases discharged to the air by coal-fired power plants are reported to contain 84 of the

187 hazardous air pollutants identified by EPA.

e  With total emissions of 386,000 tons of HAPs annually, coal-fired power plants account for 40% of
all hazardous air pollutant releases from point sources to the atmosphere, more than any other

point source category.

e Hazardous air pollutants released from coal-fired power plants influence environmental quality and

health on local, regional, and continental scales.
e Public health risks of exposure to mercury in food and metals in airborne fine particulate matter

are among the most notable health and environmental impacts associated with emissions of

hazardous air pollutants from coal-fired power plants.
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Hazardous air pollutant emissions from a sample of coal-fired power plants selected because of
their use of multiple control technologies were 2 to 5 times lower on average than from a random

sample of plants selected by EPA.

Controls on acid gas and non-mercury metal emissions are likely to reduce emissions of sulfur
dioxide and primary particulate matter. As a result, controlling hazardous air pollutant emissions is

expected to generate substantial public health and environmental benefits.

Use of more effective control technologies by more coal-fired power plants as a result of the
Utility Air Toxics Rule is expected to reduce the public health and environmental impacts of

electricity generated by combustion of coal.
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UNITED STATES OF AMERICA
BEFORE THE UNITED STATES DEPARTMENT OF ENERGY

Federal Power Act Section 202(c)
Emergency Order TransAlta Order No. 202-25-11
Centralia Generation

DECLARATION OF BRIAN RYBARIK
IN SUPPORT OF
MOTION TO INTERVENE, REQUEST FOR REHEARING,
AND MOTION TO STAY BY STATE OF WASHINGTON

[, Brian Rybarik, declare under penalty of perjury under the laws of the state of
Washington that the following is true and correct:

1. I am now and at all times mentioned have been a citizen of the United States, over
the age of 18 years, competent to make this declaration, and I make this declaration from my own
personal knowledge and judgment. The statements contained herein are my own and not binding
on the Washington Utilities and Transportation Commission in any future proceeding.

2. I am employed by the Washington Utilities and Transportation Commission
(Commission) as the Chair of the Commiss,ion (Chair). The Commission is the regulator
responsible for overseeing many of the state’s private utilities, including all of the investor-owned
electric and gas utilities. As Chair, I work with the other Commissioners and the UTC staff to set
the state’s regulatory priorities, guide major decisions on rate cases and represent the Commission
in state and regional energy and infrastructure policy decisions. Prior to joining the Commission in
2025, I’ve spent over 20 years working on utility issues for both public and private entities, as

well as working on sustainability and supply chain issues for a large technology company. [ have a
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Bachelor of Arts Degree and a Law Degree from the University of Wisconsin — Madison. I am an
attorney licensed to practice in the states of Wisconsin and Iowa.

3. I have reviewed the U.S. Department of Energy’s Order No. 202-25-11 (Ex. 1).
concerning continued operation of TransAlta’s Centralia Unit 2 (Plant) beyond its planned
retirement date of December 31, 2025, and provide the following testimony about resource
adequacy in the State of Washington.

4. The Commission’s mission, based on our statutory duties, includes regulating
utilities to provide safe, equitable, available, reliable, and fairly priced services. For electric
utilities, the Commission is engaged on resources adequacy (e.g. requiring available and reliable
service) for the state’s utilities and the region in a number of ways. This includes the
Commission’s work on Integrated Resource Plans (IRP), Clean Energy Action Plans (CEAP),
Clean Energy Implementation Plans (CEIP), Biennial Conservation Plans (BCP), Transportation
Electrification Plans (TEP), Integrated System Plans (ISP) and Requests for Proposals (RFP) that
are filed by the state’s investor-owned electric utilities. These plans outline the utilities’ plans to
meet their future resource needs consistent with state law. The plans are reviewed extensively by
the Commission.

5 The Commission also follows resource adequacy issues pursuant to the
requirements of Revised Code of Washington 19.280.065, which requires the Commission and the
Washington Department of Commerce to hold at least one resource adequacy meeting every year
to bring stakeholders together to address summer and winter readiness, regional planning, weather
and hydropower forecasts, and wildfire and extreme weather readiness. Recognizing the
importance of this issue to the citizens of Washington, the Commission now holds three meetings
per year to specifically address: (1) summer readiness; (2) winter readiness; and (3) long-term
resource adequacy.

6. During the resource adequacy meetings, the Commission learns from industry

experts from our utilities, regional planning organizations, transmission operators, reliability
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experts, and the public. We report our learnings and findings to the Governor pursuant to the
statutory requirements.

7. Given my industry experience, my review of the various plans filed with and
acknowledged by the Commission, as well as through my role participating in the Commission’s
various resource adequacy meetings, I do not find that the DOE Order’s conclusion that an energy
emergency exists in the coming winter months credible, nor do I agree that the action under the
DOE Order (keeping the Centralia coal plant available) will assist in solving the unlikely extreme
conditions that could lead to an energy emergency.

8. As the Chair of the Commission, it is my view that all Washington investor-owned
utilities (IOUs) have identified plans to meet their near and long-term resource adequacy
requirements. For well over a decade, those plans all assumed and prepared for the retirement of
the Centralia coal plant. To meet the future needs of their customers, Washington IOUs are
actively developing or pursuing through contract the resources that will meet the needs of their
customers. Additionally, Washington IOUs are engaged in processes to increase resource sharing
across the region, including the Western Resource Adequacy Program (WRAP). The Commission
is closely following the developments of WRAP as part of the Committee of State
Representatives, a standing committee of the WRAP.

9. Meeting resource adequacy requirements includes the expansion of wind, solar,
and energy storage resources to help the utilities meet both reliability and clean energy
requirements under state law. Ensuring that clean energy is expanded while protecting reliability
also includes the use of natural gas generation in the near-term, as evidenced by the Corﬁmission’s
recent orders approving rate recovery of Puget Sbund Energy’s tolling agreement for the Grey’s
Harbor Energy Center and the approval of PacifiCorp’s new 2026 cost allocation protocol, which
attributes 100% of the Chehalis natural gas plant to Washington.

10. Through the Commission’s work on resource adequacy, we are aware that reserve

margins are tightening and risks under extreme circumstances are increasing. However, the
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extreme circumstances that could result in loss of electric load remain highly unlikely, particularly
in the current season given the recent high rainfall recharging hydro capacity. The DOE Order will
not decrease any existing extreme risks and is highly unlikely to have any positive impact on
resource adequacy in the near term.

11. As explained further by Commission staffer Joel Nightingale in his declaration, I
agree with the conclusion that the DOE Order misrepresents or misunderstands the North
American Electric Reliability Corporation’s (NERC) Winter Reliability Assessment (WRA) for
2025-2026. While the report notes a heightened risk under extreme conditions, the assessment
does not identify any expected unserved energy or loss of load hours for this winter.

12. The DOE Order also cites a slide deck from Energy + Environmental Economics
(E3) as identifying an “emergency.” This slide deck was presented to the Commission at its winter
resource adequacy meeting. The analysis performed by E3 identifies resource adequacy concerns
and is primarily focused on potential issues in 2030 if load growth expands and resource additions
continue at their current pace. The study does not point to a near-term risk, nor does it identify
coal plants like the Centralia plant as a part of the solution set to meet the resource adequacy
needs of the region. The focus of the report appears to be the opportunities for demand response,
battery storage, and natural gas to meet the resource adequacy needs of the region.

13. I conclude that the region and the state’s IOUs are well positioned this winter to
meet the needs of customers under normal and even extreme conditions such that no energy

emergency exists to justify the DOE Order.

DATED this |3ﬂ day of January, in jJQ.Q\l —~, Washington.

BRIAN RYBARJK N
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DECLARED DECEMBER 12, 2025

SUMMARY
STATE: Washington
NUMBER: FEMA-3629-EM
INCIDENT: Severe Storms, Straight-line Winds, Flooding, Landslides,
and Mudslides
INCIDENT PERIOD: December 9, 2025, and continuing

DATE REQUESTED BY GOVERNOR: December 10, 2025

FEDERAL COORDINATING OFFICER: John Harrison
National FCO Program

DESIGNATIONS AND TYPES OF ASSISTANCE:

The Department of Homeland Security, Federal Emergency Management Agency
(FEMA), is authorized to provide appropriate assistance for required emergency
measures, authorized under Title V of the Stafford Act, to save lives and to protect
property and public health and safety, or to lessen or avert the threat of a catastrophe in
the designated areas. Specifically, FEMA is authorized to provide emergency protective
measures (Category B), limited to direct federal assistance, under the Public Assistance
program at 75 percent federal funding.

This assistance is for Benton, Chelan, Clallam, Grays Harbor, Jefferson, King, Kittitas,
Lewis, Mason, Pierce, Skagit, Snohomish, Thurston, Wahkiakum, Whatcom, and Yakima
Counties, the Samish Indian Nation, and all Tribal Nations within the specified
jurisdictions.

OTHER: Additional designations may be made at a later date if requested by the state and
warranted by the results of further evaluation.

Note: This is an emergency declaration.
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This document was prepared as an account of work sponsored in part by the United States Government. While
this document is believed to contain correct information, neither the United States Government nor any agency
thereof, nor The Regents of the University of California, nor any of their employees, makes any warranty,
express or implied, or assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product, process, or service by its trade name,
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recommendation, or favoring by the United States Government or any agency thereof, or The Regents of the
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those of the United States Government or any agency thereof, or The Regents of the University of California.
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Executive summary

In 2013, Synapse Energy Economics prepared a report on best practices in integrated resource planning
(IRP) for electric utilities (Synapse 2013). In the decade since, the U.S. electricity sector has been in
transition. Many aging fossil fuel plants retired as operational costs increased and environmental
regulations placed pressure on power plant air emissions and water pollutants. Renewable energy
resources were deployed at an increasing pace due to declining costs and favorable policies and
incentives. Electrification of transportation and buildings, and greater deployment of distributed energy
resources, began to impact utility assessments of grid needs.

While electricity loads grew just 2.6 percent between 2014 and 2023, we are now entering a period of
projected load growth with rapid expansion of data centers and industrial and manufacturing loads, in
addition to increasing loads from electrification. Utilities, regulators, and regional grid operators are
wrestling with the challenges this presents in terms of affordability, sustainability, reliability, and
resilience.

The trend toward increasing loads coincides with a temporary slowdown in renewable energy
deployment as the industry recovers from inflation and supply chain challenges. Some utilities have
responded with plans to extend the lives of potentially uneconomic coal plants or add new natural gas
assets over the next 5 years, or both. This may extend reliance on resources that many states seek to
phase out to achieve decarbonization and other electricity transition goals. At this turning point, robust
and forward-thinking IRP is as important as ever to ensure utilities can meet the needs of their
customers while continuing to work toward broader commitments utilities have made to communities
and regions in which they operate.

This guide updates and expands the recommendations in Synapse's earlier report and outlines IRP best
practices for electricity systems undergoing a major transition. The guide is for resource planning
professionals and stakeholders involved in resource planning processes. This diverse group of people
includes utility personnel tasked with conducting resource planning and making investment decisions,
state regulatory commissions that develop planning guidance and oversee the resource planning
process, and stakeholders that represent a wide range of interests—utility consumer advocates,
environmental groups, industrial customers, local governments, independent power producers, and
many others.

Definition: Integrated Resource Plan

An IRP is a power system plan for a vertically integrated electric utility’s power system plan for to
meeting forecasted electricity demand over a specified future period.

¢ The IRP process provides resource planners with a framework for evaluating plausible futures for
the utility's electric system and receiving input from stakeholders.

e The objective of an IRP is to demonstrate which resource portfolio —including supply- and
demand-side options—is most likely to be optimal in the face of risks and uncertainties.

* |RPs provide information on electricity system costs, risks, reliability, and trends and answer
important questions that affect electricity consumers and utility investors.



The recommendations in this guide are informed by our experience working with a variety of these
audiences and our extensive review of IRP reports and proceedings. The utility-specific examples we cite
throughout this guide serve to illustrate both best practices and shortcomings; they are not
endorsements or indictments of specific utilities. Instead, the examples are intended to provide clarity
on practices we recommend or discourage. We aim to be comprehensive in the topics we cover and best
practices we offer. The best practices we recommend are based on our collective experience; they are
not the only reasonable approaches to various aspects of resource planning.

The guide offers 50 best practices across the following components of the IRP process:

Designing a transparent and inclusive stakeholder engagement process
Integrating resource adequacy

Developing robust model inputs

Designing scenarios and sensitivities

Running the models

Evaluating and communicating results

Integrating IRP processes with other planning processes, procurement, and utility proceedings

Each best practice includes explanations and examples. Some recommended IRP approaches represent
current best practice, while others are aspirational for future improvement. The following checklist
summarizes all of these recommended practices.



Best Practice Checklist

o Stakeholder engagement

0 Best Practice 1: Use an inclusive stakeholder process

@ Best Practice 2: Engage technical stakeholders in IRP modeling

o Resource adequacy

il

0 Best Practice 3: Link resource adequacy assessments with resource planning

@ Best Practice 4: Apply consistent accreditation frameworks to all resource types

(@ Best Practice 5: Use a regional perspective to plan for resource adequacy

Developing model inputs

0 Best Practice 6: Use up-to-date inputs and
assumptions

@ Best Practice 7: Recognize historical data
limitations

Load Inputs

(@ Best Practice 8: Develop a load forecast for the
expected future

@@ Best Practice 9: Incorporate load flexibility into
electrification forecasts

@ Best Practice 10: Plan ahead for large growth

@ Best Practice 11: Transparently represent

distributed generation and storage

Supply-side resource inputs

Best Practice 12: Use accurate assumptions for
the costs of new resources

Best Practice 13: Represent the full cost and
risk of advanced technologies

Best Practice 14: Include realistic assumptions
about resource availability timing, without
unnecessary constraints

Best Practice 15: Limit renewable integration
cost adders

Best Practice 16: Model all avoidable forward-
going resource costs

Best Practice 17: Model battery energy storage
options

@ Best Practice 18: Be consistent in treatment of
emerging technologies

Demand-side resource inputs

Best Practice 19: Ensure thoughtful and
consistent assumptions for demand-side
resources

Best Practice 20: Model and bundle demand-
side resources carefully

Best Practice 21: Ensure consistency with IRP
scenarios

e

Best Practice 22: Incorporate all relevant
benefits for demand-side resources

Market inputs

) Best Practice 23: Use reasonable market
interaction assumptions

Fuel and commodity inputs

@ Best Practice 24: Model fuel supply limitations
(0 Best Practice 25: Evaluate the impacts of gas
price volatility and coal supply constraints

Transmission inputs

Best Practice 26: Consider transmission
alternatives and infrastructure expansion
Best Practice 27: Properly justify bulk power
system interconnection costs and constraints




m Designing scenarios and sensitivities

@ Best Practice 28: Model a base case that allows for easy comparison
@ Best Practice 29: Design scenarios to evaluate uncertainty and risk

@ Best Practice 30: Plan for and incorporate important regulatory factors

0 Running the models (and iterating)

0 Best Practice 31: Thoughtfully select capacity @ Best Practice 36: Let optimization models

expansion and production cost models optimize

@ Best Practice 32: Thoughtfully select a @ Best Practice 37: Base power plant retirement
geographic model scale decisions on forward-looking costs

@ Best Practice 33: Thoughtfully define the @ Best Practice 38: Use modeling parameters that
appropriate study period capture the value of battery energy storage

@ Best Practice 34: Thoughtfully select the @ Best Practice 39: Use stochastic approaches for
appropriate time granularity for production robust portfolio creation

cost modeling
@ Best Practice 40: Use the models iteratively

@ Best Practice 35: Calibrate the production cost
and capacity expansion models

@ Evaluating portfolio results and communicating transparently to
regulators and stakeholders

Best Practice 41: Use appropriate metrics to evaluate IRP results
Best Practice 42: Report results clearly
Best Practice 43: Benchmark inputs and results to other utilities

Best Practice 44: Select a preferred portfolio

Best Practice 45: Model state goals and priorities in preferred portfolio

@ Integrating the IRP process with other utility proceedings

Best Practice 46: Use IRP results to inform an Action Plan and utility procurement processes
Best Practice 47: Use IRP results to inform other types of planning
Best Practice 48: Evaluate bill impacts

Best Practice 49: Consider energy justice comprehensively

Best Practice 50: Consider the evolving natural gas distribution industry




Introduction

An integrated resource plan (IRP) is a roadmap for meeting forecasted electricity demand over a
specified future period, historically focused on the bulk power system.? Many vertically integrated
utilities in the United States, including investor-owned, municipal, and rural cooperative utilities, conduct
IRP processes. Regulated utilities—investor-owned as well as cooperative utilities in some states—file
these plans with public utility commissions under state guidance. Other cooperative utilities and
municipal utilities submit plans only to their governing boards.

The IRP process provides resource planners with a framework for evaluating plausible futures for the
utility's electric system and receiving input from stakeholders and regulators. The objective of an IRP is to
demonstrate which resource portfolio is most likely to be least cost in the face of risks and uncertainties.
IRPs provide regulators and stakeholders with information on electric system demand, reliability, costs,
risks, and uncertainties and other important issues that affect utility customers.

Robust resource planning is critical for utilities to make investment decisions that are reasonable,
prudent, and in the public interest. Poor utility resource investment decisions can burden customers
with electricity costs that are higher than necessary, lead to over- or under-procurement of resources,
disrupt achievement of state policy goals, and forego solutions to contain costs and risks in the future.
Well-planned resource investment decisions can maintain reliable, resilient electricity service and
affordable utility bills for customers, while minimizing negative societal impacts and enabling
transformation of the energy system to meet future needs.

Well-planned resource
investment decisions can
maintain reliable, resilient
electricity service and
affordable utility bills for
customers while minimizing
negative societal impacts
and enabling transformation
of the energy system to
meet future needs.

IRP processes emerged from least-cost planning in the late 1980s
when concerns over fuel price volatility and bulk power reliability
prompted states to require electric utilities to examine prudency and
affordability of investments, among other issues. A majority of states
today require regulated electric utilities to file IRPs (Figure 1). Some
states require utilities to file less comprehensive long-term plans. In
Florida, for example, utilities must file Ten Year Site Plans every year,
but these plans do not include capacity expansion or optimized
portfolio modeling. In addition, some utilities file IRPs to meet
requirements of federal power marketing agencies (National Archives,
n.d.), and some utilities voluntarily file IRPs. While IRPs are not

1 Some jurisdictions are implementing or investigating Integrated System Planning approaches. For example, Hawaiian Electric
filed its first Integrated Grid Plan in 2023 to harmonize distribution, transmission, and generation planning through iterative
modeling. In 2023, Salt River Project in Arizona published its first Integrated System Plan. Public Service of Colorado is working
to integrate modeling and planning across electric generation, transmission, and distribution, as well as natural gas.
Washington state requires its large dual-fuel utility, Puget Sound Energy, to file an Integrated System Plan by 2027 (RCW
80.86.020(4)).

2 The electricity industry often uses the term "IRP" to refer to both the resource planning process and the resulting resource
plan filing. In this report, “IRP” refers to the plan and "IRP process" describes the process that results in the plan.
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required in all states, lessons from quality IRP processes are applicable across all utility planning
processes.

Figure 1. States with integrated resource planning or similar processes as of November 2024
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An IRP process is also a vehicle for planning, oversight, and feedback. The basic framework is the same
across most states: The utility performs modeling and analysis with input from stakeholders and
communities, synthesizes the results into a written plan, and submits it to state regulators for review.
Utility customers and other stakeholders have an opportunity to provide input, and the utility can move
forward with a plan that is informed by stakeholder input and some amount of regulatory review and
oversight. The ideal process is one that is mutually beneficial for both the utility and the public.

The rules that govern IRP processes vary by state (RMI 2023). The required filing frequency varies from 1
to 5 years. The planning horizon required for most IRPs spans 10 to 20 years, although some utilities plan
out as far as 40 years. Many states require utilities to include a near-term (2 to 5 year) action plan.

Regulatory action from state commissions on IRPs varies, from accepting that the plan meets filing
requirements—with any deficiencies noted (e.g., Mississippi), to acknowledging that the plan seems
reasonable at the time (e.g., Oregon, Utah), to approving or rejecting the plan (e.g., Colorado, Georgia,
Nevada). A commission's decision on the IRP typically carries weight in cost recovery proceedings such as
general rate cases that determine the revenue the utility may collect through customers' electricity rates.
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In some states, IRP and resource procurement processes are tightly coupled (e.g., Nevada, Colorado, and
Minnesota); in other states, they are more distinct processes (LBNL 2021b). Procurement processes can
provide current input data for use in IRP modeling. Although an IRP establishes a resource investment
plan, real-world changes such as equipment failure, new regulations, and changing market trends often
demand adjustments and deviations in resource procurement from what was planned.

Utilities have considerable latitude in the way that they conduct IRP modeling and present results.
Further, IRP technical complexity and asymmetries of information make oversight difficult. Nevertheless,
state utility regulators and stakeholders can take concrete actions to support IRPs that are consistently
well conducted. Enabling such engagement requires that planning processes are transparent and
inclusive, state planning objectives are explicit, and utility models and methods are up to date and
rigorously applied.

Synapse authored a report on IRP best practices in 2013 (Synapse 2013). In the decade that followed, the
U.S. electric power landscape changed substantially. This updated and expanded guide addresses a
multitude of changes that could lead to a large buildout of the electricity system in the future. The
potential for such a buildout places new urgency on the need for quality long-term resource planning.
Without quality planning, we risk short-sighted and inefficient investments that impede the optimal
buildout of the utility system. Thoughtful planning supports investments in electricity systems that are
resilient, robust, and meet future needs.

The main drivers of change over the past decade include low natural gas
prices, falling prices for renewable and other low-carbon energy resources,
significant growth in variable energy resources, advances in generation and
grid management technologies, increased use of distributed energy
resources for grid services, increasing frequency and severity of extreme
weather events, fuel price volatility, inflation and supply chain disruption,
interconnection queue challenges, decarbonization goals and targets, and
environmental regulations.

Thoughtful planning
supports investments
in electricity systems
that are resilient,
robust, and meet
future needs.

Looking forward, we expect to see many of these trends continue. We also expect acceleration of
current trends due to electrification of transportation and buildings, growth in data center loads and
other end uses driven by artificial intelligence (Al) as well as manufacturing, retirement of coal plants
and reduction of coal supply, changing capacity accreditation® frameworks for resources, changes in
renewable energy prices, integration and interconnection challenges with increased deployment of wind
and solar, and development of new carbon-free technologies. In addition, there will always be changes
we cannot predict. IRPs can build in flexibility to reevaluate resource acquisition strategies over time and
make resource decisions closer in time to projected needs.

3 Capacity accreditation is the process of measuring and assigning a value to a resource that represents its
contribution to resource adequacy and reliability on an electricity system. NERC defines resource adequacy in its
Planning Resource Adequacy Analysis, Assessment and Documentation (BAL-502-RFC-02) as “the ability of supply-
side and demand-side resources to meet the aggregate electrical demand (including losses).”
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The electricity resource mix has changed dramatically since Synapse's 2013 report (Figure 2). That year,
the United States was in the midst of a shale gas revolution that enabled an industry-wide move from
coal to gas (U Michigan 2014). Gas, wind, and solar capacity has continued to grow over time, increasing
the shift away from coal (U.S. EPA 2022). Until recently, electric utility demand was in a two-decades-
long period of relatively flat load growth. In the last decade (2014-2023), electricity demand grew just
2.6 percent (U.S. EIA 2024b).

Figure 2. Utility-scale electric generating capacity for selected resource types in the United States

600
500
400
300

200 Coal

100 """ Wind

Generating Capacity (GW)

0
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Source: U.S. Energy Information Administration. 2024. “Sales of Electricity to Ultimate Customer: Total by End-Use
Sector, 2014-March 2024,” Table 5.1. https://www.eia.gov/electricity/monthly/xIs/table_5 01.xIsx.

Technology innovation also has had a significant effect on resource costs over the last decade—for
example:

® New renewable energy technologies and economies of scale have reduced the cost of wind and
solar precipitously. They are now often the least expensive new resources available on a per
megawatt-hour (MWh) of energy basis (NREL 2021a). In 2022, renewable power generation
exceeded coal generation for the first time in U.S. history, and renewable resources now
produce 21 percent of annual generation (U.S. EIA 2023c).

® Utilities are deploying cost-competitive utility-scale batteries across the country to help meet
peak demand, mitigate short-term changes in solar and wind supply, and provide ancillary
services (Martucci 2024).

® Grid modernization advancements, such as advanced metering infrastructure paired with time-
varying rates and control technologies, microgrids, and distributed generation and storage, have
increased visibility into and management of end-use energy consumption, providing utility

Best Practices in Integrated Resource Planning | 4



customers with new opportunities for demand flexibility to reduce energy bills and provide grid
services (Deloitte 2022).

Federal and state policies and regulations also affect the resource mix. For example, the Inflation
Reduction Act of 2022 (IRA) introduced multiple federal incentives to modernize and decarbonize the
electric grid. In another example, the Federal Energy Regulatory Commission (FERC) Order 1920 is
intended in part to ease access to remote, low-cost resources such as wind and solar. In addition, large
utility customers in the private and government sectors are increasingly purchasing low-carbon energy
resources, and many utilities are integrating corporate decarbonization goals into their planning
processes (LBNL 2019a).

These advances appear against a backdrop of new challenges (EPRI 2023b):

® The interconnection queue for new resources has grown tremendously, creating a deployment
bottleneck and slowing down the pace of deployment of new wind and solar resources in many
regions (LBNL 2023d).

® |[nflation, tariffs, and supply chain challenges stemming from the COVID-19 pandemic disrupted
the steady downward trend in renewable energy costs and created a relatively short-term
period of stagnation in price decline trends (LBNL 2023c).

® Extreme weather events driven by climate change, including extreme heat, severe and
prolonged cold snaps, raging storms, and wildfires, have revealed the fragility of power grids
and prompted new efforts by utilities to better understand resource adequacy needs to boost
resilience and improve capacity accreditation methods (FERC 2023).

® Avrapid rise in data center load growth driven by Al and an increase in industrial and
manufacturing investments add risks for resource planning (Grid Strategies 2023). Coupled with
trends in electric vehicle (EV) adoption, building electrification, and integration of planning
across the bulk power and distribution systems, utilities are facing a new paradigm for planning
(IEA 2024; NREL 2021b).

® Retirements of coal units are accelerating along with deployment of renewable energy, driven in
part by state and federal environmental regulations and incentives (S&P Global, n.d.). This
creates new challenges for reliability and grid planning and requires increased investment in
transmission, firm flexible resources (such as battery storage), and grid management
technologies.

Age-old challenges also continue in new contexts. For example, Americans have weathered multiple
periods of fossil fuel price shocks. Most recently, the 2022 Russian invasion of Ukraine impacted gas
supply and prices (Maneejuk, Kaewtathip, and Yamaka 2024). The domestic coal industry has wrestled
with dwindling demand, labor challenges for mines and transportation, and constriction and
consolidation of coal supply ownership (PA Consulting 2023). Such challenges highlight the importance
of understanding risks associated with fuel price volatility (Amy 2023a) and spending large amounts of
capital to maintain aging, potentially uneconomic power assets (EIPT 2023). Another challenge is the
cost of new infrastructure that may be needed for fuel delivery and storage. These issues underscore the
importance of robustly evaluating the economics of retirement and replacement of legacy generating
units.
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Thoughtful and robust long-term planning is needed more than ever. In this moment of rapid,
widespread changes affecting both supply- and demand-side resources, the planning tools and strategies
of the past do not match the scale and pace of today's needs. Emerging best planning practices can help
tackle these challenges by providing a wide range of tools for navigating this transition and positioning
utilities to evolve and adapt as energy systems and markets continue to change.

Modeling is a core tool of the IRP process that informs utility planning decisions. To achieve multiple
planning objectives, the utility can choose the most appropriate models and run them with accurate and
transparent inputs. At the same time, some input data may be sensitive to the company’s confidential
business strategy or financial decisions. Planners can pair modeling tools with rigorous analysis, critical
thinking, and creativity, using judgment and good sense throughout the modeling process.

IRP processes use many types of models to generate different types of forecasts. Figure 3 illustrates a
typical IRP modeling structure. Planners conduct separate studies when necessary to generate forecasts,
which become key input parameters into other models. For example, one model may forecast fuel prices
or new resource costs, which may in turn feed into models that simulate generation unit economics.
Reliability modeling helps to determine the reserve margin and other reliability metrics that a utility
must meet and to assess capacity accreditation for different resource types. Planners may use additional
models to determine key input parameters such as potential and costs for energy efficiency and demand
response resources.
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Figure 3. Example of a typical model structure used in IRP processes and current (solid line) and potential (dashed line)
interdependence
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Descriptions of modeling in this guide primarily focus on capacity expansion and production cost
modeling, which lie at the center of the modern IRP process. These two techno-economic modeling
steps are increasingly integrated and performed in an iterative manner. Integration of these models with
resource adequacy assessment models is an aspirational practice to develop robust least-cost portfolios.

The capacity expansion model simulates the current system, then determines the optimal, least-cost
schedule to retire, build, and run generation and storage units as well as demand-side resources. These
decisions usually occur on an annual basis. This first model is called “capacity expansion” because the
model can add new resources and retire existing ones. The goal of the model is to build a least-cost
system that meets projected loads, subject to reliability constraints and policy requirements such as
state renewable portfolio standards.

The production cost model optimizes a candidate resource portfolio for least-cost operations, capturing
economic dispatch, unit commitment, ancillary service requirements, and other technical constraints at
an hourly or sub-hourly basis. This simulation of the economic operation of the power system is often
much more temporally and spatially detailed than simulation by the capacity expansion model.
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Production cost modeling provides detailed results on
system cost, operations, emissions, variable energy
curtailment, and other key metrics and outputs.

At its core, capacity expansion and
production cost modeling are about
optimizing subject to constraints. The

At its core, capacity expansion and production cost extent to which the model is allowed
modeling are about minimizing system costs subject to to optimize, and the information
constraints. The extent to which a modeler allows the modelers feed the model for that
model to optimize, and the information the modeler feeds purpose, are critical for achieving
the model for that purpose, are critical for achieving useful IRP modeling results.

useful IRP results.

The rest of this guide describes both current and emerging best practices in IRP. The guide mirrors the
order of a typical IRP process. Figure 4 depicts the typical IRP process flow, including how modeling
interacts with other steps of the process, such as stakeholder engagement. The report begins by
outlining the requirements for a robust stakeholder engagement process. We then summarize best
practices for integrating resource adequacy into IRPs. Next, we present best practices related to
developing robust model inputs, designing scenarios and sensitivities, and running the model. Then, we
discuss how to evaluate and communicate portfolio results. We end with a discussion of how to integrate
IRP processes with other utility planning processes and proceedings.

Figure 4. Typical IRP process flow diagram
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The first two best practices in this guide focus on how to engage stakeholders in the IRP process. We
provide suggestions for making the process inclusive for a wide audience as well as ensuring that
technical stakeholders have the tools necessary to participate in the modeling process.

Best Practice 1. Use an inclusive stakeholder process

Develop an inclusive stakeholder engagement process that balances access and transparency with
reasonable time commitments.

Vertically integrated electric utilities provide essential energy and delivery services to a captive customer
base through a monopoly business model, while operating in a highly technical and complex field. To
ensure that utility decisions are fair and robust and based on reasonable evidence, meaningful
stakeholder engagement (RMI 2023), regulatory oversight, and participation of technical experts working
on behalf of stakeholders are essential in the IRP development process. A well-developed stakeholder
engagement process provides access to all stakeholders who have a reasonable interest and stake in the
utility decision-making process— including those who have traditionally been underrepresented in these
processes.

An effective IRP process includes regular stakeholder meetings that allow participation and engagement
throughout the IRP process, from input development through scenario development and modeling,
review of results, selection of the preferred portfolio, and development of the action plan. The utility
engages stakeholders early in the process, on a timeline and in a manner that allows for meaningful
feedback. The following elements represent a set of minimum practices for an effective stakeholder
engagement process:

Process and design elements

® The utility develops a charter or document clearly outlining the rules, norms, and any other
relevant details for the stakeholder engagement process, with buy-in from stakeholders to align
expectations for all parties.

® Facilitators, technical consultants, or an internal communications team moderate stakeholder
sessions and technical conferences.
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Materials, including an agenda and slides to be presented, are available in advance of each
stakeholder meeting and technical conference so stakeholders have time to review the
information, prepare for planned topics, and provide productive input.

A formal discovery process allows stakeholders access to data, assumptions, results, and any
other information that the utility does not directly offer.

The process elicits stakeholder feedback during stakeholder meetings and technical
conferences, as well as through a formal commenting process, with clear deadlines for providing
input.

Utilities provide formal responses to stakeholder feedback, adhering to clear deadlines for
responding to stakeholder comments. Responses clearly address which feedback is being
adopted and how, and which is not and why.

Removing barriers to participation

Stakeholder sessions accommodate remote access to enable as many stakeholders as possible
to participate, including members of the public and underrepresented groups.

The stakeholder process design considers and accommodates stakeholders’ needs and
challenges such as language, schedules, and economic barriers.

Technical education sessions, offered and open to all, provide core education on the IRP process
(as needed/requested by stakeholders).

Stakeholder sessions occur regularly enough to allow for meaningful input and participation
throughout the development of the IRP, without being so time-intensive and burdensome that
only a handful of people can fully participate.

Intervenor compensation funds designate and otherwise approve stakeholders to formally
participate in public utility commission (PUC) proceedings, addressing barriers to participation
and engagement of technical experts for many stakeholders. Such funding typically requires
action by state legislatures and utility regulators.

Transparency

The IRP process engages stakeholders throughout, including:
o Before modeling begins to propose scenarios and inputs and provide feedback on what
is being modeled and how;
o During modeling to provide input on results; and
After the draft plan is released to provide input on how the utility used the results to
create an action plan.

Transparency is a priority, with the utility sharing all input data, modeling assumptions, scenario
and sensitivity designs,* modeling files, and modeling results as they become available—as well
as any other information necessary for stakeholders to have a comprehensive understanding of
how the IRP was developed. This may include sharing utility spreadsheets used for pre-

4 As discussed in Section VI, a scenario is a model run with a specific set of input assumptions and constraints. A sensitivity
changes a single key input to understand how that input affects or drives results, often across multiple scenarios.
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processing of data and post-processing of results so stakeholders can see how the utility used
both input and outputs.

® The utility shares data, inputs, and results for its preferred portfolio and all major scenarios and
sensitivities—not just for one base scenario.’

® The utility only requires non-disclosure agreements (NDA) when necessary to protect data that
is truly a utility trade secret or that the utility holds under a third-party NDA (e.g., fuel and
market price forecasts) to avoid unnecessarily hindering stakeholder engagement.®

Technical engagement

® The process allows stakeholder-funded technical experts to participate and contribute essential
technical expertise.

® The process includes technical IRP sessions, open to all stakeholders, to allow for additional
expert input on specific topics, beyond what may be provided in public meetings.

® Technical experts have access to review all inputs, outputs, modeling files and can gain access to
the modeling software the utilities used (as discussed in Best Practice 2).

If utilities are unable to meet any of these elements, they can make appropriate efforts to retroactively
ensure stakeholders have an opportunity to give productive input.

There are many examples of public utility commissions and utilities implementing the practices noted
above. For instance, in 2022 the New Mexico Public Regulation Commission established new rules that
promote engagement and transparency in IRP processes for the state’s investor-owned electric utilities.
The rules require the utilities to use a facilitated stakeholder process and provide stakeholders with
reasonable access to modeling software, perform a reasonable number of modeling runs, and share all
modeling information (Gridworks 2024).

As another example, in 2018 the Hawaii Public Utilities Commission ordered Hawaiian Electric
Companies to develop a workplan that comprehensively describes the timing and scope of major
activities that will occur in the integrated grid planning (IGP) process (HI PUC 2018). The workplan
describes the following: (1) the proposed working groups, including specific objectives, composition,
expected deliverables, and timelines; (2) a proposal for how forecasting assumptions, system data,
modeling inputs, studies, analyses, meeting summaries, and other data will be shared with the PUC and
community members throughout the IGP process; (3) processes and timelines to define and quantify
system needs; (4) processes and timelines to procure solutions to meet grid needs and to optimize the
solutions; (5) opportunities for midstream evaluation and updates; and (6) the role of independent
facilitation in assisting the IGP process.

5 As discussed in Section VI, a utility identifies a preferred portfolio after reviewing the results of the modeling analysis. This
collection of resource builds and retirements reflects the utility’s short- and long-term resource plans.

6 |IRPs provide a framework to inform utility resource solicitations and specific resource commitments. Overuse of protective
agreements and redactions in an IRP can hinder stakeholder engagement in those processes.
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Best Practice 2. Engage technical stakeholders in IRP modeling

Provide modeling files and other necessary information to technical stakeholders to allow them to
replicate modeling outcomes from the IRP and develop alternative portfolios.

Utility IRP modeling is generally conducted using sophisticated and proprietary capacity expansion and
production cost modeling software. The software is largely inaccessible to stakeholders, challenging their
role in supporting regulatory oversight. Often, PUC staff are not trained in utility modeling software, so
they cannot ensure that utilities conducted modeling reasonably and prudently. However, technical
stakeholders with modeling expertise and access to data can verify and validate utility outcomes and
findings. They can independently test utility assumptions, identify refinements and improvements, and
bring additional technical knowledge to IRP proceedings. Such contributions by stakeholders are valuable
even in states where PUC staff are more engaged in IRP modeling. Stakeholders can also model
alternative portfolios that use the same, or a similar, modeling framework as the utility. The commission
would not have such information in the absence of technical intervenor participation.

The following is necessary to enable technical intervenors to participate in the modeling process:

® Modeling software licenses, paid for by the utility, for all technically sophisticated stakeholders
with the ability to review the modeling files or perform their own modeling runs

® Input data, model settings and constraints, and output data for the reference portfolio and
preferred portfolio as well as all major scenarios presented in the IRP

® Modeling files and data that match what the utility is using so that intervenors are able to
replicate the utility’s modeling outcomes as a starting point and calibration step for their own
modeling exercises

® Explanations of how the utility used input data and values, how it derived inputs, and what
steps the utility took to develop portfolios and results

® Utility spreadsheets used for pre-processing of data and post-processing of results so
stakeholders can see any modifications used to develop model input streams and convert
outputs to revenue requirement results

® Documentation for supplemental analysis the utility used to develop inputs, such as reserve
margin or effective load-carrying capability (ELCC), that it developed externally or outside the
model.

Definition: Effective load-carrying capability

The ELCC of a resource or portfolio of resources represents the amount of dependable capacity the
resource can provide.
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For example, as part of the Arizona Public Service (APS) 2023 IRP process, the commission required the
utility to provide intervenors with licenses for the Aurora model, utility modeling files, and trainings with
the model developer as well as access to resources (ACC 2022). This allowed stakeholders to carry out
their own modeling.” In lowa, as part of two settlement agreements, MidAmerican Energy Company and
Interstate Power and Light agreed to provide intervenors with model licenses as part of the Renewable
Energy Study docket (MEC 2022a). In Michigan, DTE and Consumers Energy also agreed voluntarily to
provide modeling licenses to stakeholders as part of the IRP process.

7 However, the utility did not provide the modeling files for all of its scenarios, limiting stakeholders’ ability to validate the
company’s modeling results for its preferred portfolio and scenarios.
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IRP capacity expansion models are designed to optimize resource build and retirement decisions while
maintaining an acceptable level of system reliability and meeting policy requirements. These models
typically represent system reliability using a planning reserve margin, which denotes the energy capacity
in excess of the forecasted peak load that the utility needs to serve in order to maintain the desired level
of reliability. The required reserve margin creates a buffer to protect the system from load forecasting
uncertainty and factors that could unexpectedly influence supply or demand. Such factors include
unplanned unit outages, generation or transmission contingencies affecting energy supply, and extreme
weather events.

Traditionally, resource planners used an annual planning reserve margin and designed their systems to
ensure that they could meet demand on the single annual hour of peak demand. Planners would
calculate the annual planning reserve margin necessary to achieve target levels of system outages and
calculate a firm capacity rating for each resource based on its expected availability at peak. Then, they
would run their capacity expansion model to optimize resource build and retirement decisions based on
the annual planning reserve margin constraints. There was limited iteration.

This construct worked relatively well when resource availability® was relatively uniform year-round,®
nearly all system resources were dispatchable, and peak demand was substantially larger during one
season. But planners can no longer universally assume any of these things to be true, particularly as
renewable energy sources and storage make up a larger portion of the resource mix. Planning for times
with low resource availability can be as important as planning for times with peak system demand. This
planning is most effectively done by evaluating system needs and resource contributions through a
coordinated and iterative resource adequacy assessment.

Resource adequacy is defined by Electric Power Research Institute (EPRI) as an assessment of whether
the current, or projected, resource mix is sufficient to meet capacity and energy needs for a particular
grid (EPRI n.d.). Validation of resource adequacy is a critical and integral part of resource planning.
Ultimately, best practices in resource adequacy are not about developing robust static metrics, but rather
developing an iterative process for establishing system need, valuing resource contribution to system

8 Here we refer to resource availability generally as the megawatts (MW) of capacity a resource can provide to the grid based on
its own inherent characteristics and limitations, as well as external conditions that impact operations.
9 With small deviations for steam unit performance based on temperature.
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need, and testing how well a resulting portfolio meets system needs. However, in the absence of an
iterative modeling process, development of a robust reserve margin is essential.

This section of the report introduces foundational best practices for addressing resource adequacy in
IRPs. Recognizing the complexity of the issue, the variety of approaches available, and work by many
others in the field, we recommend that resource planners use our best practices as a baseline and
screen. Figure 5 provides resources (linked) developed by Energy Systems Integration Group (ESIG), EPRI,
and other leading experts in the field that offer more detailed discussion on resource adequacy principles
and specific implementation guidance.

Figure 5. Resources on resource adequacy principles and specific implementation guidance—click to view

Linking Capacity Expansion,

Resource Adequacy, and Ensuring Efficient Reliability: New
Production Cost Modeling Tools Design Principles for Capacity
for Integrated Strategic System Accreditation. (Energy Systems

Planning. (Electric Power Research Integration Group 2023)
Institute 2024)

New Resource Adequacy Criteria
for the Energy Transition:
Modernizing Reliability
Requirements. (Energy Systems
Integration Group 2024)

Redefining Resource Adequacy for Lawrence Berkeley National
Modern Power Systems. A Report Laboratory: A Guide for Improved
of the Redefining Resource Resource Adequacy Assessments
Adequacy Task Force. (Energy in Evolving Power Systems.
Systems Integration Group 2021) (Carvallo et al. 2023)

We discuss three best practices in this guide related to resource adequacy: (1) integrating resource
adequacy analysis, resource planning analysis, and development of robust reserve margins; (2) aligning
resource accreditation with realistic expectations of resource availability and applying constructs
uniformly across resource types; and (3) taking a regional perspective on resource adequacy.

Looking Ahead: Link frameworks for developing reserve margins and resource

capacity accreditation

Looking to the future, the framework for developing the reserve margin and the framework for
calculating resource capacity accreditation need to evolve together, as the two are inherently linked.
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Best Practice 3. Link resource adequacy assessments with resource
planning

Conduct resource adequacy assessments and resource planning analysis in a coordinated and iterative
manner.

Linking resource adequacy assessments with resource planning in an iterative manner generally starts
with stochastic modeling® to develop a reserve margin that reflects reliability standards and
requirements and preferences.! Planners then use the reserve margin in the resource planning model to
develop an optimized resource plan. The resulting resource plan is then tested in the resource adequacy
model to ensure that the plan still meets system reliability requirements, or that it does not exceed them
significantly (since overly adequate systems have higher cost). Iterations continue on the reserve margin
and resource portfolio until the modeling develops an optimized resource plan that meets the reliability
standard. In practice, it is not essential to develop a precise reserve margin when resource adequacy
modeling is being used to validate portfolio performance. In such cases, utilities can choose a reasonable
starting value and iterate as necessary.

In PNM’s 2020 IRP, for example, the utility used SERVM to develop the planning reserve margin
requirement needed to meet a loss-of-load expectation (LOLE) standard of 0.2 days per year as well as to
validate that the IRP portfolios met or exceeded this resource adequacy standard (E3 and Astrape 2022).
While this type of iterative modeling is the best practice, it is time- and resource-intensive. For IRP
processes that do not use resource adequacy modeling to validate portfolio performance, development
of a robust reserve margin upfront is essential.

Planners typically calculate reserve margins and other resource adequacy metrics through separate
modeling exercises conducted prior to IRP modeling. Utilities operating outside of centrally organized
wholesale electricity markets are responsible for calculating their own resource adequacy metrics. In
regions with organized regional transmission operator (RTO) or independent system operator (ISO)
markets, the grid operator generally conducts extensive resource adequacy analysis, and utilities adopt
the RTO or ISO values rather than conduct their own analysis. In the Midcontinent Independent System
Operator (MISO) market, for example, the market operator released a seasonal capacity accreditation
framework applicable to all utilities within the market. Utilities such as Ameren Missouri internalize
MISQ’s planning reserve margin (Ameren Missouri 2023b).

Critically, planning reserve margin and capacity accreditation frameworks need synchronization. If the
utility is using a reserve margin differentiated by season, it must also value the capacity accreditation of
resources differently by season. Calculations of capacity accreditation values for individual resources
occur through similar, but separate, resource adequacy analysis (as discussed in detail in the next
section). The framework for developing the planning reserve margin and the framework for calculating
resource capacity accreditation ultimately need to evolve together, as the two are inherently linked.

10 Stochastic modeling accounts for uncertainty by performing a range of simulated futures and accounting for the probability of
that future occurring.

11 Reserve margins are developed to achieve a reliability benchmark, such as a maximum number of expected hours with
outages per year (e.g., a 1-day-in-10-years loss of load expectation).
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Planners conduct reliability analysis using stochastic techniques coupled with Monte Carlo analysis'? to
determine how a given reserve margin, portfolio, or resource meets reliability requirements. Stochastic
analysis relies on large quantities of weather data that contains both normal and extreme weather events
to test performance under a wide range of circumstances. Typically, planners use historical data, although
some utilities are switching to use climate change forecast data instead.!® There are limitations for
planners to consider when using historical data for calibration and characterizing stress events, due to
increased frequency and severity of extreme weather events as well as accelerating electrification,
manufacturing, and data center loads—which may not be reflected in historical load. Forward-looking,
synthetic data also has limitations, mainly related to availability and judging its veracity. An example of a
utility that has conducted a separate, stochastic modeling study to develop a planning reserve margin
and assess resource adequacy is Public Service Company of Colorado (Astrapé Consulting 2021).

Resource adequacy analysis can test variations in a discrete number of factors such as load and outage
rates. Modeling runs typically focus on a single study year at a time and identify the time periods with
the highest LOLE. The resulting hundreds to thousands of iterations for each study year determine the
likely performance of an entire system with a given portfolio. The required planning reserve margin may
differ by year based on the available capacity mix from utility-owned and -procured resources, as well as
from the market, and the outage rates of capacity resources for that given year, for example. Because a
utility conducts resource adequacy analysis for a single study year, when it is validating the resource
adequacy performance of a portfolio, it would ideally repeat the modeling for years in which the utility
expects large changes in the system. Some utilities perform the additional step of evaluating the cost to
the system of different reserve margin levels above the minimum required to achieve the reliability
target (such as the 1-in-10-year LOLE). For example, Georgia Power included an economic and reliability
study of the target reserve margin as part of its 2022 IRP filing (GPC 2022).

Best Practice 4. Apply consistent accreditation frameworks to all
resource types

Credit all resource types in a fair and consistent manner, and clearly align reliability modeling with
realistic expectations of resource availability.

The current best practice for capacity accreditation is to use stochastic modeling to conduct an ELCC
study for each resource type. A consistent methodology to accredit resources can ensure all resource
types are treated in a fair and non-discriminatory manner. The ELCC of a resource represents the amount
of incremental dependable capacity the resource can provide to the system. The first step is evaluating
how much additional load can be served on the utility system with the addition of a set quantity of a
specific resource type, while maintaining the same level of reliability. Planners then calculate the ELCC by
dividing incremental peak load served by the nameplate capacity of the added resource. The result is a
marginal ELCC which reflects the incremental capacity contribution of the next megawatt of a given
resource and an average ELCC which measures the aggregate or portfolio reliability impact of the

12 Monte Carlo is an analysis technique used to predict the probability of different possible outcomes in the face of uncertainty.
The analysis uses historical data to predict a range of future outcomes.
13 Historical data is likely still the best source for calibration purposes, but it is important to be aware of its limitations.
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resource across all megawatts (not just the next megawatt) or across a specific tranche of capacity. ELCC
studies are complex, data- and time-intensive, and resource-specific. As discussed above, many RTOs and
ISOs conduct their own ELCC studies which utilities can, and sometimes even must, apply to their own
footprints (LBNL 2021c). Utilities that do not operate in RTO/ISO regions generally perform ELCC analysis
in a modeling exercise separate from the IRP process.

Some utilities do not have time or resources to conduct their own studies

for every resource considered. It is critical to avoid over-simplified It is critical for utilities
assumptions that systematically disadvantage certain resource types. For to avoid over-
example, if the utility performs a study of the ELCC for a 4-hour battery simplified

energy storage system, it cannot assume that the ELCC for an 8-hour assumptions that
system would be the same. Instead, the utility can look to studies from systematically
regionally comparable utilities and rely on their calculations, with disadvantage certain
reasonable and well-justified and documented adjustments as necessary, resource types.

to account for differences across the utilities.

Over the past decade, there has been considerable attention on calculating the ELCC for wind and solar
and battery energy storage systems (BESS). There has been more limited attention on whether the
traditional methods still used to value firm capacity for conventional thermal resources (such as coal, gas,
or oil) — the Equivalent Forced Outage Rate Demand, or EFORd, methodologies — still result in sufficient
resource adequacy. As the grid evolves, these traditional methods will not be sufficient.

EFORd-based methodologies value a resource’s capacity based on the unit’s historical outage rates at
times it was needed. This means that modeling of fossil fuel resources usually uses average forced outage
rates rather than weather-dependent forced outage rates, underrepresenting outage risk in periods of
extreme weather. Recent high-profile extreme weather events, including Winter Storm Uri in 2021 and
Winter Storm Elliott in 2022, highlight the risks of availability of traditional fossil fuel resources and
correlated outages within a given power class of assets (e.g., natural gas) not captured by traditional
capacity accreditation methodologies (S. Murphy, Sowell, and Apt 2019). These traditional
methodologies (generally determined by RTOs) systematically undercount and understate the risks of
unplanned outages at thermal resources by as much as 20 percent by failing to account for outage
variability, correlated outages, weather-dependent outages, and fuel supply constraints (AEE 2022;
Astrapé Consulting 2022).

When viewed together, the use of the EFORd method for thermal resources and ELCC method for wind
and solar is concerning:

Traditional capacity
® The EFORd methodology over-accredits capacity value for accreditation
thermal resources. methodologies have
® Utility customers are therefore paying for some level of been four.rd to
capacity and reliability services from thermal resources that systematically
they do not actually provide. undercount and
. . . understate the risks of
® Wind and solar resources are being held to a higher standard
. > ) unplanned outages at
with the ELCC methodology, resulting in systematic
L ) thermal resources by as
discrimination against them.
much as 20 percent.
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As discussed above, the best practice is to apply the same accreditation methodology to all resources. In
this case, that is using the ELCC methodology to calculate firm capacity for all resources, including
thermal resources. PIM, the ISO/RTO for the mid-Atlantic region, is following that principle.

If ELCC analysis is not available, an alternative is to develop downward adjustments to EFORd-based
capacity ratings using actual unit performance during historical scarcity hours. These adjustments can
account for undercounted outage risks, including fuel supply contracts, unit age, and extreme weather
risks. Additionally, utilities (and ISO/RTOs) can develop and implement weather-sensitive failure rates
that allow for highly correlated asset failures due to fuel availability. Using more accurate thermal
capacity accreditation increases system resource adequacy by realigning incentives for utilities to
improve the outage rates of thermal resources while addressing the systematic disadvantage faced by
wind and solar resources.

Best Practice 5. Use a regional perspective to plan for resource
adequacy

Align resource adequacy and resource planning with the larger region and market, when applicable, to
more accurately capture regional interactions and impacts.

Resource adequacy planning requires a regional perspective to ensure requirements are sufficient
without being overly conservative and unnecessarily costly. Utilities that operate within regional markets
generally align their reserve margin construct and resource accreditation framework with methods used
by the market operators. For utilities not in an RTO, the best option is using resource adequacy studies
for the larger region in which the utility operates (e.g., Puget Sound Energy and PNM). Modeling a utility
footprint as an island may simplify the modeling exercise, but it is an overly conservative approach that
undermines the resource adequacy and portfolio contributions of market transactions (LBNL 2019b) and
regional resource diversity.

Utilities operating outside RTO/ISO regions, such as those that operate in the Southeast and Western
United States, can capture regional benefits by modeling their utility footprint within the larger region in
which they operate. This can include reasonable assumptions around the role of market transactions
(energy and capacity) based on a realistic view of current procurement in the near term (i.e., how much
the utility currently relies on the market) and likely future resource availability later in the study period.
To capture the reliability impacts of resource diversity—for example, to understand how wind resources in
the larger region can complement solar within the utility footprint—the utility needs up-to-date data on
resource plans for other regional utilities. To address uncertainty in both market availability and regional
resource development, a best practice is for utilities to model multiple future scenarios that capture
different levels of future regional cooperation and resource deployment.

For utilities that operate within an RTO or ISO, market operators conduct resource adequacy evaluations
that are inherently regional in scope. Market operators have a variety of unique approaches to address
resource adequacy:
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® After several years of development, MISO adopted a four-season capacity accreditation
construct that breaks down system capacity needs into four time periods during the year.

® PJM recently proposed, and FERC approved, an overhaul of its capacity market. This change
increases the accuracy of PJM's accreditation frameworks through the use of marginal ELCC
calculations for all resources (new and existing, fossil fuel and renewable), providing greater
confidence in reserve margin calculations (FERC ER24-99 n.d.).

® |n California, three agencies—the California Public Utilities Commission (CPUC), California
Independent System Operator (CAISO), and California Energy Commission—have developed a
collaborative institutional relationship to ensure that utility-scale resource planning aligns with
regional assumptions. CPUC requires load-serving entities such as utilities with loads greater
than 700 gigawatt-hours (GWh) to perform IRP processes that adhere to resource adequacy
requirements at the state (and ISO/RTO) level. CPUC then reviews the portfolios of each load-
serving entity and develops a statewide IRP and preferred portfolio, which is a key input into
CAISQO’s regional transmission planning and regional reliability modeling (CPUC 2016).

® Utilities outside California operating in the Western Interconnect do not have an ISO or RTO. The
utilities individually develop reserve margins based on their own analysis of what they need to
meet LOLE. The Western Electricity Coordinating Council (WECC) conducts resource adequacy
assessments (WECC n.d.) to help these utilities better understand their regional resource
adequacy position. Also, many entities in the Western Interconnect are participating in the
development of the Western Resource Adequacy Program (WRAP), which assigns planning
reserve margins to participants based on regional resource adequacy needs.'* Additionally, the
Southwest Power Pool is pursuing options to expand full regional transmission services to some
utilities in the Western Interconnect, and a stakeholder initiative is underway to evaluate what
governance and programmatic changes could promote future expansion of CAISO.

4 WRAP is developing a regional reliability planning and compliance program for Western states to assess and
address resource adequacy (Western Powerpool 2023).
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After selecting the appropriate modeling tools and evaluating reliability constraints, planners develop
other critical model inputs. Developing input assumptions is ideally an iterative process as subsequent
steps of the IRP process reveal new information or guidance. The following best practices guide planners
through the various input assumptions, such as load forecasts, demand-side and supply-side resources,
and transmission.

Best Practice 6 and Best Practice 7 provide general guidance on developing model inputs. Best Practice 8
through Best Practice 11 discuss load inputs and how to model the changing nature of electric sector
demand. Best Practice 12 through Best Practice 18 discuss a wide array of practices and issues associated
with supply-side resource modeling. Best Practice 19 through Best Practice 22 discuss how to
incorporate energy efficiency and other demand-side resources in IRP modeling. Best Practice 23
provides guidance on modeling market purchases. Best Practice 24 and Best Practice 25 discuss fuel and
commodity inputs. Best Practice 26 and Best Practice 27 address transmission modeling inputs.

Best Practice 6. Use up-to-date inputs and assumptions

Use inputs that reflect the most recent available knowledge, grounded in the most recent available
historical data and utility-specific studies.

Best practice is to use inputs that reflect the most recent available knowledge, without over-relying on
emerging trends that can distort inputs. The typical frequency of IRP filings every 2 to 4 years requires
balancing up-to-date inputs with minimizing risks from overstating near-term trends.

A key challenge to using up-to-date inputs and assumptions is planning variables that change while the
IRP is under development and forecasts have already been produced and potentially implemented.
Rather than continue to rely on a forecast that is directionally wrong (and depending on the stage of the
IRP process), an effective IRP process develops a new forecast, waits for development of a new external
forecast, or runs a sensitivity analysis using an existing forecast that best represents the current
situation. Utilities are not expected to update their models during the IRP process every time something
changes. If they did, they would never finish the exercise. Instead, utilities can acknowledge when a
change (e.g., commaodity or electricity market prices) is significant enough to render modeling results
less applicable. If the utility is already too far into the planning process to update base assumptions, best
practice is to add sensitivities or scenarios to capture the change (see Best Practice 28 through Best
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Practice 30). When significant changes occur, the relative cost of performing additional IRP modeling is
minute compared to the scale of investments informed by additional modeling. For example, if an
unexpected market condition would lead to reduced natural gas supply and increase in prices, a high
short- to medium-term natural gas price sensitivity would be a good option.

Utilities following best practices carefully avoid extrapolating short-term trends over a longer-term
period where such assumptions are unsupported. For example, recent supply chain and inflationary
pressures resulting from the COVID-19 pandemic caused prices of renewable energy and battery
technologies to increase, interrupting a decade of price declines. Some industry sources project this will
be a short-term trend and prices will return to previous declining trends (NREL ATB 2024). Yet some
utilities have applied this current situation to adopt overly conservative cost decline assumptions for
new resources for the entire 10- to 20-year IRP study period (Entergy Arkansas 2024). Adopting
conservative cost decline assumptions for all resource types biases modeling results against renewable
energy resources, which still are expected to experience technological advances and cost declines
relative to more established, conventional technologies. This example illustrates the importance of
grounding all assumptions in industry trends and real-world data. When circumstances change, best
practice is to add new sensitivities or scenarios to capture the change.

In contrast to temporary price distortions due the recent pandemic, the passage of the IRA provides
lasting opportunities that most utilities are just beginning to incorporate into IRPs. According to RMI, of
the 50 utilities that filed planning documents between the passage of the IRA and January 2024, “32
percent failed to include IRA provisions in their models, and none adequately considered the IRA’s
benefits and implications for their systems” (RMI 2024b). It has taken time for the Internal Revenue
Service to offer guidance on implementation of many aspects of the IRA, and guidance is still being
released (U.S. IRS n.d.). However, many aspects of the IRA that affect fundamental inputs to IRP are now
clear and can be internalized in IRP modeling. These include extended and expanded investment and
production tax credits for zero-carbon resources and storage, tax credit adders for domestic content and
project locations in energy communities,’®> and tax credits for clean hydrogen and carbon capture and
storage (CCS).

A final element of this best practice is the treatment of input data that relies on historical records, such
as weather data, to train weather-sensitive models or to run resource adequacy assessments. For
example, in its 2021 Northwest Power Plan, the Northwest Power and Conservation Council states that
the historical weather record does not reflect future weather patterns induced by a changing climate
(Northwest Council 2022). The plan implements modeled climate change projections that complement
historical data, giving more weight to recent years in the historical record without disregarding the
historical variability of weather patterns. PIM’s 2023 effort to reform resource accreditation of its
capacity market provides another example. PIM explained that its preference was to extend the
historical weather data used to calculate gas unit ELCC to between 30 and 50 years, and to use unit
operational data from 2012 to the present(PJM Proposal 2023a; Update 2023c; PIM FERC 2023b). PIM

15U.S. DOE defines energy communities as (1) brownfield sites, (2) certain metropolitan statistical areas and non-metropolitan
statistical areas based on unemployment rates (MSA/non-MSA), or (3) census tracts where a coal mine closed after 1999 or
where a coal-fired electric generating unit was retired after 2009 (and directly adjoining census tracts). See
https://www.irs.gov/pub/irs-drop/n-24-30.pdf.

Best Practices in Integrated Resource Planning | 22



also addressed the potential to include climate change adjustments to the historical weather data, as the
Northwest Power and Conservation Council is doing.

Best Practice 7. Recognize historical data limitations

Evaluate when the past is a good predictor of the future and when the future is likely to be fundamentally
different.

Historical data is useful for calibrating model inputs and sense-checking model results, yet it does not
always reflect the future. An emerging example includes observed weather data that is no longer a good
predictor of the future due to climate-change-induced patterns and anomalies (see Best Practice 6).
Similarly, emerging changes in load composition due to new types of loads, and substitution of fuels for
electricity, render load forecasts based on historical data less accurate (see Best Practice 8). Finally,
historical generator performance and outage probabilities may not reflect future conditions if units are
retrofitted with equipment that improves their resilience.

There are several alternatives to historical data for developing data inputs, as in Best Practice 8 on load
forecasting. However, in some cases the use of historical data is needed because it is challenging to
produce credible synthetic data or because the data is used in probabilistic analyses such as resource
adequacy assessments that require a high volume of actual observations. In these cases, planners can
ensure they prioritize the use of more recent data over older data, or conversely reduce the weight of
older data that may not reflect current conditions.

A best practice to assess the usefulness of historical data is to perform retrospective analyses of key
assumptions, inputs, and forecasts. In its 2021 IRP, Puget Sound Energy devoted an entire section to
performing retrospective analysis of previous demand forecasts (PSE 2021). The analysis compares
forecasts developed in five previous plans—going back over a decade—with realized values for the
forecast variable, adjusting for weather realizations when appropriate (e.g., for the peak demand). The
utility developed analyses for electric and natural gas peak demand, housing, and population growth and
provided reasons for forecast deviations that could be incorporated in current forecasts. Planners can
use this retrospective analysis to inform which historical data is useful on its own, adjustments needed
to historical data, or whether historical data does not sufficiently inform future system performance.

Best Practice 8. Develop a load forecast for the expected future

Develop a load forecast that captures granular temporal and geographic detail, expected future
electrification and load growth levels, and decarbonization policies—and that is aligned with current
reliability modeling.

Load forecasting is a cornerstone of IRP and one of the key model inputs for production cost, capacity
expansion, and reliability models. Electrification of end uses, data center development, and other
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emerging trends indicate that the era of flat electric load growth is over (Grid Strategies 2023). This
section covers best practice in methods, granularity, and characterization of load and its flexibility,
considering these trends.

In the past, utilities forecasted annual system-level energy consumption and peak demand, generally
split out by customer segment (i.e., residential, commercial, industrial). System operational challenges
are prompting a much more granular temporal and spatial resolution to load forecasts that supports
similar developments in models (Best Practice 31, Best Practice 32, and Best Practice 33). A best practice
is to develop an hourly load forecast that reflects diurnal/nocturnal needs, as well as daily, weekly, and
seasonal energy consumption to support a resource portfolio with energy-limited resources such as wind
and solar. Several utilities such as PacifiCorp and Puget Sound Energy develop hourly load forecasts for
use in production cost models (PSE 2021; PacifiCorp 2023). Similarly, load forecasts that match the
model’s geographic resolution will better recognize the spatial diversity of load growth and the spatial
location of load with respect to transmission infrastructure. PacifiCorp, for example, historically has
produced forecasts for the west and east sides of its service territory.

Increasing load from electrification is expected to continue in the coming decades, along with growth of
large new loads such as data centers and manufacturing (see Best Practice 10). Forward-looking utilities
are striving to properly model electrification and load growth in IRPs to ensure there are adequate
resources to meet energy needs (ESIG 2024a). Planners would separately forecast three key
electrification variables: (1) adoption of end uses, (2) operation of these end uses, and (3) flexibility
potential of such operation. Utilities have historically developed forecasts by customer segment, a
practice that can be maintained as it creates a link to the ratemaking process. At the same time,
electrification and load growth require an end-use approach. End-use forecasting methods have been
used for decades, separately projecting saturation (i.e., customer adoption) and usage intensity for
specific residential and commercial end uses (LBNL 2018). This approach is well suited for developing
transparent base case and sensitivity load forecasts for emerging end uses such as EVs and heat pumps,
and to track specific load growth for data centers, manufacturing, and other industries. Traditional time
series-based approaches are insufficient to adequately represent emerging trends. Econometric
approaches may be used as a method to predict adoption patterns, as part of an end-use model. An
emerging method is propensity of adoption, which leverages machine-learning techniques to determine
likelihood of customer adoption based on a wide range of characteristics and drivers (Ratchford and
Barnhart 2012). In its 2023 IRP, PacifiCorp developed a propensity of adoption model to predict behind-
the-meter PV adoption.

Adoption of new types of electrified end uses and decarbonization policies are tightly linked, although in
many cases electrification is an economic decision for customers. The federal government has set several
important decarbonization goals, including a 2030, all-sector greenhouse gas reduction target of 50
percent relative to 2005 levels (White House 2021) and securing a 100-percent clean electrical grid by
2035 (U.S. DOE 2023a). Numerous states have promulgated greenhouse gas reduction goals that include
electrification, particularly for transportation (C2ES 2024; CESA n.d.). In addition, funding available
through IRA supports electrification and decarbonization across the United States (RMI 2024b). A best
practice for IRPs is to internalize any state-level electrification goals or electrification impacts of
decarbonization policies. An extension of this practice entails running sensitivities that meet federal
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electrification and decarbonization goals to show the potential impacts of these policies. For example,
Public Service Company of New Mexico modeled multiple “futures” in its IRP, including a National
Climate Policy future that included high EV adoption and building electrification forecasts (PNM 2023).

Finally, past IRPs have used different statistical properties to reflect variability in their load forecasts.
Typically, utilities use a median or 50/50 forecast for energy consumption forecasts and a 90/10 or higher
peak demand forecast. The use of a higher percentile as a peak load forecast is not consistent with best
practices that link capacity expansion decisions with resource adequacy assessments that ensure the
system operates under a prescribed loss of load probability. A best practice is to use median forecasts for
energy and peak demand and to let the resource adequacy assessment reflect capacity needs to address
stress periods in the grid (see Best Practice 3, Best Practice 4, and Best Practice 5).

Best Practice 9. Incorporate load flexibility into electrification forecasts

Characterize load flexibility operational parameters consistent with electrification forecasts.

Just as important as the magnitude of expected load growth is the shape of new power demand (NREL
2021d). This shape should reflect expected operational profiles for end uses and the flexibility potential
of these operational profiles to meet one or more grid services. For example, EVs can achieve a desired
state of charge using multiple charging profiles operating independently or in coordination with others.
Assumptions about operational charging profiles will have differing impacts on peak load; similarly,
assumptions about the willingness or ability of the EV owner to switch and adapt the EV’s operational
profile captures its flexibility.

Explicit modeling of EVs as a contribution to load is increasingly common, including in IRPs for Puget
Sound Energy, DTE Energy, and Entergy Louisiana (PSE 2021; DTE 2022; Entergy Louisiana 2023). Notably,
a large portion of this EV load is flexible especially when charging at lower voltage levels for extended
periods of time. Different charging incentives can shift EV load to different times of day, and effective
planners will model corresponding impacts in the IRP load forecast (Synapse 2020). NorthWestern
Energy’s 2023 IRP for Montana analyzes potential system and supply benefits of an EV charging
management program, though the utility did not integrate the analysis directly into its planning models.
Optimized EV charging can add flexibility that improves grid reliability by more effectively using
renewable energy, shaving peak electricity demand, and helping maintain power quality (NREL 2021b).
The same is true of distributed battery storage systems and demand response linked to newly electrified
loads (NREL 2021c; NREL 2021b).

Modeling load flexibility requires using transparent assumptions from reputable studies or models that
project time-based load-shifting potential.'® Preferably, utilities perform or commission their own load
flexibility studies and design programs to procure specific amounts of load flexibility identified in the
studies. In its 2023 combined Clean Energy Plan and IRP (PGE 2023), for example, Portland General
Electric discusses the growing role of flexible loads and describes plans to use findings from

16 Examples include NRELs EVI-PRO EV infrastructure projection tool, which allows users to develop different load
shapes for EVs (NREL EV-Pro n.d.-c) Additional resources to support load forecasting include (NREL and LBNL 2023)
and (LBNL 2023b).
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implementation of its virtual power plant to inform future modeling of flexible load.!” Comprehensive
IRPs specify plans to achieve the level of load flexibility included in the modeling, including near-term
activities in the action plan.

Demand response has been part of IRP for decades. Load flexibility modeling described in this section,
however, is an emerging practice with open questions about certain best practice elements. For
example, most IRPs that examine load flexibility potential for EVs do so as part of their load forecast and
internalize this potential as a load modifier, or as load forecast scenarios. An alternative approach would
treat load flexibility as a resource and study it as part of market potential studies traditionally used for
demand-side management (DSM) through energy efficiency and demand response programs funded by
utility customers (see Best Practice 19 through Best Practice 22). How to incorporate load flexibility in
resource adequacy assessments, stochastically characterize flexible end uses, and assess their effective
load-carrying capability are emerging issues.

Best Practice 10. Plan ahead for large load growth

Thoughtfully model and plan for the rapid rise of data center, industrial, and manufacturing loads.

Over the past several years, data center load driven by the rise of Al, coupled with increasing
manufacturing and industrial load, have become significant drivers of projected future resource needs in
jurisdictions across the country, most notably in Arizona, Virginia, Georgia, and Texas (Martine Jenkins
and Skok 2024). This new challenge comes as utilities are wrestling with increased load from
transportation and building electrification and a changing resource mix as baseload fossil fuel units retire
and carbon-free energy resources come online.

The uptick in demand represents a turning point over the previous decade when the United States
experienced relatively flat to declining demand growth due in large part to increased DSM and
distributed generation deployment (Grid Strategies 2023). Best practices in resource planning will be
different for this new era of growth than they were during the past decade. Before utilities build or
acquire new resources to meet this new load, there are actions they can take to understand the level of
certainty about potential new loads, manage the impact of new loads on system peak, determine the
lowest-cost way to meet new loads while maintaining system reliability, and understand the impact of
new loads on utility customers and the electricity system broadly. Critically, in this new era of load,
customers will be best served if utilities shift from viewing load as a static input to be served in a given
year, to viewing the timing of serving load as another decision the resource plan can consider and
optimize.

17 Oregon-regulated utilities also file multi-year flexible load plans with the PUC every 2 years (OR PUC 2020).
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The first step for utilities is to determine what level of data center and industrial load is likely to
materialize within their service territory. There are varying views on whether future load growth
projections for these sectors at large are accurate or overstated. But at the individual utility level, utilities
and regulators can take specific measures to avoid building for speculative load and incurring associated
costs for all customers:

® Utilities can develop rigorous methodologies for evaluating the likelihood that each potential
data center and industrial customer will come online and materialize as actual load. Methods
include weighing potential new customers individually based on development milestones, or
requiring customers to meet construction and service commitment levels (at which there is a
reasonably high level of conversion to actual load) in order to be included in load forecasts. This
is especially important given that many companies are looking for the best deal for power and
are shopping around their load to multiple utilities. Early-stage negotiations of basic contract
terms are insufficient to assume load will materialize. This type of customer-specific load
forecasting is not new; utilities have used it to account for large industrial customers in the past.
And it can be refined and applied moving forward.

® Utilities can model multiple load scenarios to understand what level of new resources are
needed, and which resources are most cost-effective, based on different levels of load achieving
commercial operation.

® Regulatory commissions can require utilities to demonstrate that new, large-load customers
have reached specific construction milestones before they permit cost recovery of new
generation resources built to serve them. In states where Certificates of Public Convenience and
Necessity (CPCN) or other forms of pre-approval are required for cost recovery of new assets,
commissions can decline to provide pre-approval before new load customers reach certain
milestones. In states where pre-approval is not required, in general rate cases the commission
can deny cost recovery for assets built to serve new load prior to the load reaching specific
milestones. Commissions can also take other measures such as requesting that utilities perform
modeling runs with load forecasts that remove speculative load.

The second step is for a utility to determine the timeframe over which it can reasonably meet new load
and how it will serve and manage that load. While utilities have an obligation to serve customers within
their service territory, they do not have an obligation to do so on a specific timeframe or with a given set
of resources. A utility's obligation is to serve load in a way that manages system costs and maintains
system reliability. Utilities can use multiple tools to:

® Manage load temporally through demand flexibility. While some data center load is relatively
flat and has a high load factor (and therefore has minimal potential for temporal management),
other new load offers opportunities for energy efficiency and demand flexibility. For customers
with temporal flexibility, utilities can offer tariffs and DSM programs that incentivize customers
to reduce usage when demand and prices are highest (RMI 2024a).

® Manage load geographically by incenting utilities to site in certain locations. Utilities with access
to surplus generation or high penetrations of low marginal cost resources (such as wind) can
offer tariffs that incentivize companies to locate in their geographic region. Utilities with more
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limited access to low marginal cost resources can set tariffs that disincentivize location in their
region.

® Set a timeline for serving new load that minimizes total system costs. Utilities can assess the
timeline for new projected load connection in conjunction with the changing cost of adding new
generation resources and grid-enhancing technologies over time. Rather than viewing load as a
given in a specific year, utilities can view the timing of load connection as another factor to
consider in minimizing system costs. If a new customer wants grid service within 3 years, but a
5-year timeframe may allow the utility to build new generation at a substantially lower cost to
the system, that can be factored into planning for the new load.

® Ensure that resources used to serve new load are part of a least-cost plan. When utilities are
considering whether to retain existing fossil-fuel resources beyond previously planned
retirement dates to serve load and maintain reliability, best practice is to include the full
forward-going costs of maintaining the fossil fuel plants, as well as the cost to build and
maintain new resources. An existing asset that requires substantial investment to sustain it is
less likely to be economic than one that requires minimal near-term operations and
maintenance (O&M). Analysis of the cost of reliance on existing fossil fuel resources is especially
relevant given that many new data center customers have explicit 24 x 7 carbon-free energy
goals (WRI 2023).

® |ncentivize customers or third parties to (1) build dedicated resources owned by or contracted by
the customer to manage load and mitigate system impacts and (2) deploy state-of-the-art
measures to ensure operations are as efficient as possible. If customers can manage some of
their own peak load through efficiency and on-site generation, provide their own backup power,
or provide other grid services, utilities may be able to build or acquire fewer generation units
and make fewer grid investments and, in return, offer lower tariffs to the new load customers.*®

The third step, to be conducted in tandem with the second step, is for utilities and new large-load
customers to understand how new load impacts total system cost and cost allocation. While these issues
have traditionally been addressed in rate cases outside of the IRP process, information about how new
load will impact total system costs and cost allocation can be important in helping new customers decide
where to locate, when to begin construction, and whether they should self-supply to manage their load.
Analysis of how new load impacts system costs overall and individual customer classes specifically will
help utilities manage cost increases and cost-shifting resulting from new load.

Finally, states can consider measures to address the pace and type of new loads that locate in their
jurisdiction. While some new loads may bring economic benefits such as jobs and tax revenue, others—
such as bit-coin mining—are more likely to increase electricity system costs while bringing few jobs.

18 While these recommendations focus on actions that utilities and commissions can take to manage new load, measures and
mandates can also come from the state legislature. These fall outside the scope of this guide.
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Best Practice 11. Transparently represent distributed generation and
storage

Develop forecasts of distributed generation and storage adoption and incorporate them into the
modeling process.

Historically, IRPs have focused demand-side resource analysis on energy efficiency and demand
response. Many states set up utility customer programs to encourage adoption of these demand-side
measures across market segments and income groups. Even with higher levels of distributed PV and
storage adoption that may prompt revisiting the scope of demand-side resources in IRP, the relative lack
of focus on PV and storage remains true. For example, Arizona Public Service has one of the highest
levels of distributed PV penetration in the country and its demand-side resource analysis remains
focused on energy efficiency and demand response (see more on Best Practice 19 through Best Practice
22). However, planners still need to forecast adoption of distributed resources that help meet load needs
and potentially defer T&D investments. In general, this analysis appears as part of the load forecast
section in IRPs and is treated as a load modifier, so it is netted out of the load forecast. Duke Energy
Indiana’s 2021 IRP is an example of this approach (DEI 2021).

Customer-sited distributed generation and storage, community solar, and utility-owned distributed
resources require different approaches. This stems largely from (1) with how much notice the utility has
about deployment and operation of these resources and (2) the compensation mechanisms for these
resources that inform adoption and operation. As with end uses, best practice is to forecast or simulate
adoption and operation of distributed resources separately.

Planners typically forecast adoption of customer-sited resources through a linear regression that relies
on current adoption trends and expected payback. Best practice is to use a propensity of adoption
method that captures expected changes in customer preference, regulations, and policies. Portland
General Electric and Puget Sound Energy leveraged the National Renewable Energy Laboratory’s (NREL)
dGen tool (NREL dGen n.d.-a) in their latest IRPs to forecast customer adoption using a propensity of
adoption approach (PGE 2023; PSE 2021). In contrast, Duke Energy Indiana implements a linear
regression method based on the Itron MetrixND platform (ltron, n.d.; DEI 2021). For community solar
adoption forecasts, planners can look to existing support programs, which typically have adoption caps.
Utility-sited resources can be retrieved from the utility’s distribution system plans (see Best Practice 47).

Operation of resources depends in part on whether they are dispatchable. Operation of customer-owned
distributed resources are best modeled at an hourly basis and compared against hourly load profiles for
each customer segment in order to estimate net metering or net billing credits when relevant. For
example, Duke Energy Indiana uses 20-year irradiance data to simulate rooftop solar production for
selected locations within its service territory and produces a typical day hourly generation profile for
each month of the year. Customer-owned distributed storage requires elaborate methods to forecast
dispatch and determine contributions to the grid. Given its relatively low adoption, no clear best practice
exists to model customer-owned distributed storage.

Deployment and operation of customer-owned distributed resources is heavily contingent on its
economics, which in turn is influenced by rate structures, compensation schemes, and supporting
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policies. A current best practice is to make clear assumptions about the regulatory and policy
environment, and to develop a sensitivity analysis if a key regulatory or policy condition may change
during the planning horizon (see Best Practice 30). An emerging best practice is to consider how
distributed resource operation could be influenced if these resources are aggregated under virtual
power plants, as Portland General Electric did in its 2023 IRP. Substantial growth of behind-the-meter
storage will likely enhance rooftop solar economics amidst changes in net metering regulations, as well
as provide resilience and reliability benefits (LBNL 2023d).

The consideration of avoided costs for customer- or utility-owned distributed resources is generally a
matter of statute, even though it is technically adequate to recognize the upstream benefits from these
resources where the models do not.'® The analysis can consider avoided costs of transmission,
distribution, and environmental and internalize them in the overall system costs. For example, Arizona
Public Service’s 2023 IRP included a market potential study that produced and internalized avoided costs
of energy efficiency measures, which can be extended to other types of distributed resources (APS
2023).

The current practice of treating distributed generation and storage as load modifiers suffers some of the
same issues as the traditional treatment of energy efficiency, demand response, and other distributed
energy resources (see Best Practice 19 through Best Practice 22). In particular, conflating load and
distributed resources for resource adequacy assessments introduces distortions due to the inherent
differences in risk and uncertainty profiles. While using net load may be fine for lower penetrations of
distributed energy resources, emerging best practice would require separately modeling distributed
generation and storage from load in resource adequacy assessments.

19 Capacity expansion models would typically internalize capacity and energy benefits of distributed energy resources when
considered both as a load modifier or competitive resource, since they displace capacity and energy needs from supply-side
resources.
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Best Practice 12. Use accurate assumptions for the costs of new
resources

Use accurate cost assumptions for new resources that reflect current market data and include all relevant
programs and incentives.

The cost to procure new resources changes constantly. The most accurate way to develop present-day
cost expectations for most resources is through real market data obtained directly from project
developers or through competitive, all-source requests for proposals (RFP). This data reveals actual
procurement costs at a specific place and time. These costs can be sense-checked against cost estimates
in the best-available public resources, such as the NREL's Annual Technology Baseline, U.S. Energy
Information Administration’s (EIA) Annual Energy Outlook, and EPRI’s Generation Technology Options
Report, or proprietary data from industry sources such as Black and Veatch, Wood Mackenzie, and
others (NREL ATB 2024; U.S. EIA AEO 2023a; EPRI 2024b). In Colorado, utilities such as Public Service of
Colorado use both generic cost assumptions and market data. First, they develop their IRP models using
generic cost assumptions. Once the model is approved by the commission, they use the model to
evaluate bids from a competitive RFP (PSCo 2021). This allows the utility to see what resources the IRP
model selects directionally using public industry sources, and then to use actual cost data to select
specific projects.

If RFP results are out of line with expectations based on public and industry sources, utilities can conduct
supplemental analysis to better understand and explain the source of the deviation. This can be
particularly important during times when market disruptions occur, such as the supply chain challenges
and inflation resulting from the COVID-19 pandemic. For its current 2025 IRP cycle, Puget Sound Energy
hired Black and Veatch to develop cost assumptions for its IRP based on the consultant's experience as a
project developer. The utility shared the study through its Resource Planning Advisory Group. As part of
the study Black and Veatch will compare the cost assumptions it developed for Puget Sound Energy to
those published by NREL in its Annual Technology Baseline and account for any major deviations (PSE
n.d.).

Future cost trajectories are best developed based on technology
maturity curves, such as those used by NREL and EIA, rather than
adopting existing simplifying assumptions. Such assumptions may
seem impartial, but they can skew results for or against specific
resource types. Best practice is to avoid using simplifying
assumptions when not supported or justified by research or
analysis. For example, reliance on flat cost trajectories for all
resource types when there is uncertainty about how resource costs
will change in the future is not a neutral assumption. It results in
bias in favor of mature generation resources with minimal additional
cost declines expected, such as gas plants, and against newer

The most accurate way to
develop present-day cost
expectations for most
resources is through real
market data obtained
directly from project
developers or through
competitive, all-source
requests for proposals.
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resources with larger technological advancement and cost declines expected in the future, such as solar
PV, wind, and BESS.

Additionally, new resource cost assumptions will be most accurate and useful if they are developed to
incorporate all relevant and up-to-date tax and program incentives as well as any other relevant funding
that are likely to affect a resource’s cost. Beyond correctly modeling all credits and incentives that are
available for new generic and specifically planned resources, utilities can use the availability of credits
and incentives to drive project selection and placement. It may be appropriate to model location-specific
new resources rather than view all new resources as generic.

The IRA, in particular, changed the cost landscape for wind, solar, biomass, geothermal, battery energy
storge, CCS, and hydrogen. Under the IRA, facilities generating energy from these resources are eligible
for either a production tax credit based on their generation or an investment tax credit based on their
size. Added bonus tax credits are available for solar and wind facilities located in energy communities
and that use domestically manufactured materials. Nuclear plants and advanced energy projects can also
receive tax credits through the IRA (White House, n.d.). The cost implications of these and other features
of the IRA merit consideration when developing IRP inputs, including all potential bonus adders (RMI
2024b) and bonus tax credits available from siting new resources at the site of a retired or retiring fossil
plant.

Best Practice 13. Represent the full cost and risk of advanced
technologies

Ensure the model reflects and captures the full range of costs and risks associated with advanced
technologies.

In the case of new or particularly complex technologies that are not commercially available, there may
be no market data on which to rely, and annual studies from NREL or the EIA may have limited cost data.
This is especially important as utilities consider advanced decarbonization solutions such as CCS, carbon
capture utilization and sequestration (CCUS), advanced and small nuclear reactors, long-duration battery
storage, and conversion of natural gas plants to fire or co-fire with hydrogen. While pilot projects may
provide useful data points, such projects are by their nature not in the commercial stage. Therefore,
planners will want to use cost and performance data cautiously and account for differences between the
pilot and the planned or modeled project.

Megaprojects, especially those that rely on new technology, require special attention for cost estimation
and sensitivities. History has shown that such projects are prone to dramatic cost overruns and rate
impacts for utility customers (Rand 1988). The larger and more complex a project, the greater the
likelihood that it will experience extreme cost growth (Rand 2017). Care must be taken to model the
potential for greater risk with large projects and uncertainty with new and untested technology. The
examples below from Mississippi (Schlissel 2009; Amy 2018) and Georgia (U.S. DOE 2023b) illustrate
some potential issues.
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Advanced Technology Example: Kemper County Coal Internal Gasification

Combined Cycle (IGCC) Megaproject

The Kemper County IGCC project was intended to combine a new coal gasification plant with carbon
capture and storage. When Mississippi Power Company sought a Certificate of Public Convenience
and Necessity for the project in 2009, it estimated that the first-of-its-kind plant would cost $2.1
billion. There were warning signs at the time that costs were likely to increase. None of the estimates
in the company’s filing were subject to cost caps, few of the vendors for parts had been selected, and
detailed design for the project had not yet begun. The cost to build traditional coal units at the time
had already been trending upward for years. One intervenor in the 2009 regulatory docket
recommended modeling sensitivities that increased costs 20 to 40 percent. Even these
recommendations underestimated how much costs would rise. By 2018, the carbon capture portion
of the project had been canceled, and the capital cost of the project had reached $7.5 billion.
Customer rates had been 15 percent higher for 2 years, and after years of debate and testimony,
utility regulators approved a settlement that required utility investors to absorb about $6.4 billion of
the cost. “The economics really didn’t work out and the technology was hard to perfect,” the
Mississippi Power CEO stated after the settlement.

In general, larger expected capital expenses warrant more careful review. Including a worst-case cost
scenario informed by data and outcomes from other recent and relevant projects as an IRP sensitivity is
good practice. This might take the form of a cost sensitivity that is plus or minus 20 or 50 percent, or
even 100 percent, depending on the order of magnitude of cost ranges available from pilot projects,
studies, or other uses of the technology. Such a scenario allows utilities and commissions to weigh and
understand the costs and risks of the new technology against the likely much narrower bands of
uncertainty and risk associated with commercially available alternatives to determine what cost range
would make a technology cost-effective and worth the risk.

Advanced Technology Example: Georgia’s Vogtle Nuclear Plant Megaproject

In 2009, at the start of site construction, Vogtle nuclear plant’s Unit 3 and Unit 4 project in Georgia
was expected to cost $13 billion. By June 2022, the project cost had increased to over $32 billion.
According to the DOE, almost all of the overrun was attributable to four factors in the cost of
construction: the need to redo improperly executed work along the way, supply chain delays, low
labor productivity, and worker attrition. These issues are not necessarily unique to building nuclear
power plants. Although they may be difficult to predict, greater contingency planning is needed to
properly parameterize the cost of a project this size. Regarding nuclear projects specifically, the DOE’s
“Pathways to Commercial Liftoff” report on nuclear sets a plus-or-minus 20 percent threshold in
estimating project costs as an aspirational goal for coming in on budget for future nuclear, indicating
high cost uncertainty (U.S. DOE 2023b).
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Best Practice 14. Include realistic assumptions about resource
availability timing, without unnecessary constraints

Understand limits and constraints on timing and schedule for new resource construction without
unnecessarily constraining resource builds.

In addition to developing accurate capital cost assumptions for new generation resources (discussed in
Best Practice 12), robust IRP capacity expansion modeling includes factors related to timing of
construction. These include the risk of construction delays due to siting and permitting, local opposition,
the interconnection queue, and supply chain constraints. Utilities must carefully balance between letting
optimization models optimize and imposing constraints to reflect real-world construction and
interconnection bottlenecks. The best way to address this tension is to model scenarios with and without
supply constraints and vary constraints over time to reflect realistic expectations about factors that will
impact future resource availability.

Scenarios without constraints provide valuable information on the economically optimal solution and
provide directions to the market on what the utility may be looking to procure. A more constrained
scenario informs the utility about alternative options if it cannot overcome near-term supply constraints.
Scenarios with static and unchanging constraints (for example, an annual build limit of 300 MW for a
specific resource type for the entire study period) may be less useful than scenarios that vary constraints
over time to reflect potential changing market conditions.

Supply chain issues following the COVID-19 pandemic, as well as constraints in labor availability
(especially for specialized labor), demonstrate the importance of planning for risks and uncertainties
related to labor and materials availability and delays. Public Service Company of New Mexico and El Paso
Electric, for example, renegotiated multiple supply agreements for solar resources due to COVID-19-
related supply chain challenges (PNM 2023). Although issues stemming from the pandemic have
gradually improved, they have affected planning across consecutive IRPs. To incorporate delays such as
these, planners either run sensitivities that deterministically alter new resource builds to reflect
expected conditions or, in the case of supply chain constraints, treat them as annual, maximum build
limits. DTE Energy’s 2022 IRP implemented annual build limits for all resources, including renewable
energy resources, citing challenges with the items mentioned above as well as recent RFP experience
(DTE 2022). While the utility included these constraints throughout the study period, the IRP states that
“The Company is expecting to build on these advancements and efficiencies learned through the
execution of the first several years of projects, thus, the annual MW limit increased over time” (DTE
2022, 102).

While ongoing interconnection reform efforts aim to address delays in resources coming online, current
and potential future interconnection-related delays are still factors to address in IRPs. Utilities can
demonstrate to regulators and stakeholders that an adequate amount of new generation planned in the
near term will be able to interconnect in time and provide a contingency plan. One approach to
interconnection-related uncertainty is to be more proactive with resource procurement (PA Consulting
2023). For example, if IRP modeling shows it is economically optimal to add 500 MW of new solar by
2028, the utility can issue an RFP ahead of need for that amount and timing, as well as additional levels
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and potentially earlier timelines. Evaluation of bids at levels in excess of the targeted amount is useful for
addressing longer-term needs.

At the same time, processes and policies designed to hasten interconnection, such as surplus
interconnection and generator replacement,® are worth exploring to understand cost and time
implications of using existing interconnection rights to bring additional resources online. Using existing
interconnections can help achieve economies of scale and accelerate deployment timelines. Utilities are
increasingly seeing the benefits of considering existing interconnection rights in resource planning. Xcel
Energy, Otter Tail Power Company, and Great River Energy in Minnesota, for example, have all planned or
executed projects using existing interconnection rights in their jurisdictions (Xcel Energy 2023; Otter Tail
2021; Great River Energy 2021). All three utilities are transparent about the cost and timing benefits of
such projects. Otter Tail sees “the transmission queue for new interconnection of wind as a significant
hurdle to introducing new wind resources outside of utilizing surplus interconnection at existing plants
(Otter Tail 2021, 65)". Xcel Energy states, “By using existing grid connections, we’re able to provide
customers with carbon-free energy in the most efficient and cost-effective way” (Xcel Energy 2023).
Great River Energy likewise states, “Use of the existing [generator interconnection agreements] is
beneficial for our membership as we receive more advantageously priced wind in our portfolio as a
valuable hedge while avoiding significant costs, resulting in a net benefit to our members” (Great River
Energy 2021, 1).

Best Practice 15. Limit renewable integration cost adders

Study and fully justify all integration cost adders applied to new renewable energy resources.

As the penetration of renewable energy resources on the grid increases, utilities need a way to quantify
and represent the grid services needed for balancing, such as transmission upgrades, regulation and
reserves, voltage support, and real-time variability. Planners can capture some of these costs in capacity
expansion and production cost models. Alternatively, utilities can develop renewable energy integration
costs based on external studies and evaluate the impact of increased renewable energy deployment on
the need for system-level upgrades and grid services.

Caution is needed when conducting and evaluating these studies. First, the results are highly dependent
on the resource plan modeled and are often more reflective of the existing resource mix than the level of
new renewable resources added. Santee Cooper’s solar integration study modeled as part of its most
2023 IRP illustrates this challenge. The utility assumed that Winyah, a 1,260 MW coal-fired power plant,
would not retire until 2031. Since many coal plants cannot ramp up and down quickly, modeling results
indicated challenges (cycling, re-dispatch) with integrating a high penetration of solar resources until
after 2030. After the plant retirement date and replacement with faster-ramping peaking resources, the
cost of renewable energy integration dropped significantly. The utility used these findings to support its
decision to delay the retirement of Winyah from 2028 to 2031. However, the study results did not

20 Syrplus interconnection refers to an unused part of an interconnection service. When a generator retires, if the
holder of the interconnection service seeks to keep the service and install replacement resources, they can often
do so without having to conduct a full interconnection study and wait in the interconnection queue.
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support this finding—instead they showed that delaying Winyah'’s retirement was what was driving high
solar integration costs. Santee Cooper did not evaluate integration costs under any earlier retirement
scenarios, where Winyah would be replaced by more nimble resources such as gas combustion turbines
or BESS.

Another area for caution is that the results are also often portfolio-specific; they are not wholly
transferable across portfolios and scenarios that rely on different resource mixes. A utility would need to
model integration costs across multiple resource portfolios to more accurately capture the grid impact of
new resource additions. Modeling might double-count costs across the integration cost study and the
capacity expansion modeling if the utility is not careful, especially where the study is conducted in
isolation from the rest of the resource planning process. This can be avoided by syncing up the
integration studies with the resource planning modeling and carefully tracking the services and costs
that are quantified already in the production cost and capacity expansion modeling. Finally, system costs
that would be incurred regardless may be attributed to renewables only. This can be avoided with robust
modeling and transparent analysis.

Best Practice 16. Model all avoidable forward-going resource costs

Model all avoidable, forward-going costs for all existing resources, including coal and gas plants.

Appropriately modeling retirement of existing fossil fuel units requires accounting for all costs that are
avoidable. That includes avoidable capital costs that would be included in the rate base, fixed O&M costs
included in retail rates, and variable operating costs (including fuel and variable O&M expenses). While it
is common for utilities to model fuel and other variable costs, utilities sometimes omit certain capital
expenditures and fixed O&M from the model and instead address these costs in a post-processing step
(or not at all).?! If the model does not evaluate all avoidable costs, it does not factor them into
retirement decisions. Modeling of avoidable costs can be coupled with modeling of unit retirements to
fully evaluate the economics of continued reliance on existing resources, as discussed in Best Practice 37.

Generally, utilities develop capital expenditure schedules based on specific projects planned in the near
term. Often these schedules only cover the next 3 to 5 years, with projected spending substantially
dropping off beyond this period.?? This approach regularly underestimates likely capital expenditures by
ignoring spending more than a few years out, as well as spending associated with unplanned outages,
non-routine expenditures, and uncertain future environmental regulations. The lumpiness and unit-
specific nature of ongoing capital additions to power plants can be a challenge to represent in IRP
modeling, but these costs can be substantial.

Modeling capital expenditures properly, including annual variations and unit-specific detail, is important
to resource planning decisions such as whether and when to retire a power plant from service.

21 For example, Santee Cooper did not enter projections of capital expenses for its coal plants in the EnCompass capacity
expansion model. Instead, the utility included capital expenditure differences by portfolio in the final net present value power
costs for portfolios that varied from others in terms of coal plant retirement dates (Public Service Commission of South Carolina
Docket No. 2023-154-E, Santee Cooper Response to Sierra Club Data Request 1-8).

22 This is based on some of the authors' experience reviewing projected unit cost data in numerous rate cases.
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Additionally, environmental compliance costs are often large enough (in the tens to hundreds of millions
of dollars range) to drive a power plant retirement decision. Even though there is uncertainty regarding
which aging facility parts may break down, when, or the likelihood of environmental regulations to
increase costs, unexpected costs are all but certain. Ignoring costs because of uncertainty in the exact
amount or timing results in underestimates of future system costs. For example, in Tri-State’s 2023
Electric Resource Plan (ERP) in Colorado, the company’s original modeling did not account for future
environmental compliance costs, particularly those related to the recent U.S. Environmental Protection
Agency (EPA) greenhouse gas rule under Section 111. The settlement agreement in that case, which is
currently before the state regulatory commission, would secure improved modeling that accounts for
these costs (CO PUC 2023).

It is best practice for a utility to benchmark capital cost projections for a unit against its spending at the
plant in recent years to evaluate whether future projections may deviate substantially from recent
experience. Another option is to review and incorporate into the utility's analysis current or forward-
looking industry average estimates, such as average annual values based on unit type, size, and age
developed by engineering firm Sargent and Lundy. The EPA developed a unit-specific “life extension cost”
for use in its own capacity expansion modeling that simulates a large, one-time sustaining capital cost
investment incurred when units reach a certain age (U.S. EIA 2019; U.S. EPA 2023). If the utility’s
projections deviate substantially from both its own historical data and industry averages, best practice is
to evaluate why and adjust forecasts for modeling—or justify the deviation in the IRP.

Another best practice is to develop a schedule of planned maintenance and capital expenditures based
on a unit’s retirement date that factors in a typical ramp-down in spending in the years just prior to
retirement. Scenario modeling is the best approach, because programming a capacity expansion model
to vary capital expenditures schedules based on a unit’s retirement date can be tricky.

Best Practice 17. Model battery energy storage options

Model a variety of short- and long-duration battery storage options to capture the differential value each
option can provide to the system.

Energy storage is a highly flexible resource with the potential to become ubiquitous in modern power
systems as both a capacity resource and a grid resource. Storage is already playing an outsized role in
near-term resource deployment (U.S. EIA 2024c). Typical current IRP modeling approaches may
oversimplify aspects of the design, operation, and value of storage resources, missing their full value
stack (RMI 2015a). Some utilities are demonstrating improved practices. AES Indiana, for example,
evaluated the value of BESS as a capacity resource and for providing grid services. As a result, the utility
deployed a 20 MW battery to provide primary frequency response, an important ancillary service (AES
Indiana 2024). Robust IRPs will evolve to capture the reliability and resilience benefits of BESS, including
for resource adequacy and ancillary services.

The value of storage as a flexibility resource is a function of the particular portfolio. The value changes as
the portfolio and system needs change. For example, when a utility is short on flexible resources,
lithium-ion batteries provide significant value to the system. But once the utility has sufficient sub-hourly
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reserves, the value drops to the market value—that is, until the utility’s system or demand changes
again, and its demand for flexible reserves increases.

Overstating the value of various value streams risks adding the wrong kind of storage. While short-
duration lithium-ion batteries may be well suited to provide an initial quantity of reserves, long-duration
storage such as an iron-air battery may be a more cost-effective and efficient solution for longer-term
back-up and reserves. Most utilities model at least one type of short-duration storage? in IRPs, most
commonly 4-hour BESS. Other short-duration options, such as 2-hour and 8-hour BESS, offer different
services and economics that may fit better with specific grid needs. A 2-hour BESS offers narrow peak
services but is lower cost than a 4-hour BESS and may be a more economic option for meeting limited
periods of need. An 8-hour BESS can provide power for longer periods of time but is more expensive
than a 4-hour BESS. It is important to accurately model the costs and capabilities of multiple storage
options to determine the duration(s) that are the best fit for the utility's system (EPRI 2023a).

Another value of storage is its ability to enhance power system resilience. Storage can be part of
microgrid and fully islanded systems, and it can make the system less dependent on fuel delivery or
weather-based performance in times of stress. The IRP framework rarely captures these unique aspects
of storage value. At the very least, these benefits can be qualitatively considered in portfolio screening
processes.

Looking Ahead: Internalize storage resilience benefits in modeling

An aspirational practice entails internalizing the resilience benefits of storage within IRP capacity
expansion models. This would entail enabling capacity expansion models to represent the stochastic
elements that underpin resilience valuation, as well as modeling microgrid formation and operation
as a resilience strategy.

For long-duration storage, several technologies are in the early stages of development or
commercialization. Technologies include mechanical, thermal, electrochemical, and chemical systems
that discharge stored energy for at least 8 hours and up to 1,000 hours, depending on the technology.
Even though these technologies are in a nascent stage of development, utilities can model them as part
of a resource plan and rely on them as replacement resource options further out in the study period
(beyond the next 5 years).

Long-duration storage can provide firm, dispatchable, zero-carbon capacity, which is a need many
utilities have identified. Our review of 20 IRPs from 2023 and 2024 found that 12 included at least a
discussion of long-duration storage technologies, and 8 included them as a resource option.?* For
example, Southwestern Public Service Company in New Mexico modeled several scenarios that relied on
long-duration energy storage for its 2023 IRP (Xcel Energy New Mexico 2023).

To consider long-duration storage in IRP, utilities need data on various technologies and need to know
how to model them. While long-duration storage is not yet represented in commonly used sources of

23 Definitions for short- and long-duration storage vary. Some parties also use the term medium-duration storage. In this guide,
we refer to short-duration as less than 8 hours and long-duration as 8 hours or longer.
24 |RPs vary considerably in defining “long-duration,” so interpreting this finding requires a fair degree of caution.
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information on capital and operating costs of generation and storage resources, such as NREL's Annual
Technology Baseline, utilities can use other publicly available data sources. One such source is McKinsey
& Company’s report, Net-zero power: Long duration energy storage for a renewable grid (McKinsey
2021). Utilities can also refer to other industry projections of capital and operating costs and parameters
for long-duration storage technologies, issue a Request for Information from technology developers prior
to IRP development, or use data from recent RFPs. As with solar, wind, and lithium-ion battery
technologies, it is reasonable to assume a downward cost trajectory for BESS technologies associated
with technological advancement and learnings, as well as resolution of supply chain challenges in future
years.

Best Practice 18. Be consistent in treatment of emerging technologies

Model the costs, availability, and risks of emerging technologies in a consistent and unbiased manner.

Planners can model emerging supply-side technologies in IRPs despite uncertainty related to costs,
procurement, and performance. As deployment of BESS, solar, and wind over the past decade has
demonstrated, the cost to deploy emerging technologies can change quickly. Emerging technologies are
likely to be part of a least-cost portfolio, especially in a decarbonized future. The challenge for planners is
to ensure they evaluate emerging technologies consistently and to make informed, transparent decisions
about which emerging technologies to include in capacity expansion modeling. Consistent, unbiased
evaluation allows utilities to understand the cost and system impacts of particular technologies and
clearly communicate to regulators and stakeholders the reasoning for technologies utilities included and
omitted from resource plans for a given timeframe.

Examples of emerging supply-side technologies include small modular nuclear reactors, long-duration
energy storage, hydrogen, and CCS, to name a few. A best practice is to evaluate emerging technologies
for cost, availability, potential, deployment timing, and associated performance risks to both
shareholders and utility customers. Portland General Electric’s 2023 Clean Energy Plan/IRP (PGE 2023)
includes a discussion of all of these technologies, among others, though not all were included in portfolio
modeling. Other IRPs, such as the 2024 Xcel Upper Midwest IRP (Xcel Energy 2024), include emerging
technologies in the capacity expansion model, though typically for limited sensitivity runs after the date
by which they are expected to be commercially available. Evaluation of emerging technologies also may
occur outside of IRP, in supplementary studies.

While available information varies by emerging technology, it is important that the IRP clearly discuss
how the utility considered each technology and evaluated them fairly. It would be inappropriate for
planners to include one resource type while omitting another without clear support, including the timing
of its expected availability. For example, modeling for Santee Cooper’s and Dominion Energy South
Carolina’s 2023 IRPs includes small modular reactors as supply-side resources as emerging resource
options, but no others (Santee Cooper 2023; Dominion SC 2023). This choice effectively gives small
modular reactors a privileged status among technologies that have yet to reach commercial viability and
could bias results in favor of the reactors.
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As a general rule, utility plans that rely on emerging technologies in the near term (e.g., 5-10 years in
the future) draw substantial scrutiny and skepticism. Cleco Louisiana, for example, modeled the Madison
coal plant installing CCS technology in 2028 in all scenarios for its 2021 IRP (Cleco 2023). CCS is not
currently deployed by any electric utility in the United States.?> While CCS is likely to be commercially
available at some point in the future, it is not realistic to assume that any utility can economically deploy
the technology within the next 5 years. Likewise, good planners make it clear what assumptions are
required for an emerging technology to be feasible and reasonable. For instance, characterizing how
much of a capital cost overrun would eliminate cost-effectiveness of the technology can help illuminate
risk and contextualize portfolio results.

In some instances, cost parameters for emerging technologies are too uncertain to estimate. In the
context of deep decarbonization scenarios, Duke and other utilities have modeled an emerging resource
with all of the performance characteristics and costs of a combustion turbine, but without greenhouse
gas emissions or fossil fuel costs. This so-called “clean capacity resource” typically first appears
approximately 20 years in the future, in the 2040s, and represents a proxy resource that is expected to
be developed by that timeframe. The advantage of this method is that it allows utilities to run scenarios
that examine what type of new resource may be needed in a deep decarbonization future and what a
least-cost portfolio may look like should such a resource materialize. However, there is inherent risk in
modeling scenarios that feature unknown and unproven technologies. The greater the importance of
such technologies in the company's preferred portfolio, and the further they are from common
commercial practice, the more information stakeholders and regulators will need from the utility to
understand the risks.

The IRP process began with least-cost planning in the 1980s, developed in part to explicitly account for
demand-side resources to meet load (LBNL and ORNL 1989; Hirst and Goldman 1990). Traditionally,
utilities have developed a companion study—the market potential study—that quantifies the technical
and achievable/economic potential of demand-side resources as a part of the utility’s preferred
portfolio. The market potential study has historically focused only on demand response and energy
efficiency. This section of the report focuses on practices for these resources. (For treatment of other
distributed energy resources, see Best Practice 11.)

Using market potential study results, an IRP internalizes the effects of energy efficiency, demand
response, and other demand-side resources in one of two ways:

1. Load modifier approach. This is the most common method and relies on demand-side resource
potential studies performed outside of the IRP process. Using this approach, planners
incorporate cost-effective demand-side resources into the IRP as a load reduction. Examples of
utilities that used the load modifier approach in recent IRPs include Jacksonville Electric

25 See the Advanced Technology Example on page 33. Southern Company attempted to construct an IGCC unit with
a CCS plant at Kemper. This resulted in costs that were three times the initial project estimate (from $2.5 billion to
$7.5 billion) before the Mississippi Public Service Commission ultimately pulled the plug on the project and ordered
Mississippi Power Company to continue to operate the plant on natural gas.
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Authority, Avista, and Dominion Energy South Carolina (Black and Veatch 2023; Avista 2023;
Dominion SC 2023).

2. Competitive resource approach. This approach incorporates demand-side resources in the
capacity expansion model as priced, competitive resources that can be selected endogenously as
part of the capacity expansion optimal decisions. The Northwest Power and Conservation
Council (Northwest Council) uses this approach for its regional power plans under the federal
Northwest Power Act, as do utilities such as PacifiCorp, Portland General Electric, and Xcel
Energy (Northwest Council 2022; PacifiCorp 2023; PGE 2023; Xcel Energy 2024).

Rather than prescribe one approach, the following sections provide best practices for implementing each
of the methods, depending on the approach regulators or utilities select.

Best Practice 19. Ensure thoughtful and consistent assumptions for
demand-side resources

Ensure assumptions driving demand-side resource characterization potential are thoughtful and
consistent with other assumptions in the IRP.

Both the load modifier approach and competitive resource approach need to reflect actual program
implementation and evaluation practices closely, including: (1) realistic program design and
implementation practices, (2) appropriate levels of measure adoption rates (reflecting various non-
economic factors), (3) measure and program costs, and (4) policy and regulatory requirements.

While market potential studies themselves are outside the scope of this guide, best practices entail
including in these studies emerging demand-side technologies and practices, potential cost reductions
for demand-side resources in the future, non-energy benefits (e.g., improvements in comfort, indoor air
quality, productivity), up-to-date avoided costs, and maximum achievable adoption rates based on best
practices by leading jurisdictions.

IRP modelers can run a variety of scenarios to capture a full range of demand-side resource estimates
based on the potential study. For example, Ameren Missouri conducted a comprehensive DSM market
potential study in April 2023 to inform its 2023 IRP. The study employed a methodology to account for
interactions among DSM measures, load flexibility analysis, and scenario analysis. The utility
benchmarked results of the study against comparable utility programs to ensure consistency with
industry expectations (Ameren Missouri 2023a).

Both the load modifier approach and competitive resource approach are susceptible to bias with respect
to measure adoption rates. If IRP modelers or market potential study analysts use overly conservative
rates for measure adoption or measure adoption growth, savings results will be lower than can be
supported by studies.?® Customer paybacks for demand-side investments, non-energy impacts, and
customer knowledge and awareness of technologies and programs (supported by the utility’s customer
outreach and marketing) may substantially influence customer decisions to implement DSM measures.
Market potential study developers and IRP modelers would ensure results from the study are realistically

26 For example, see TVA's 2015 IRP, which uses low adoption rate assumptions (Synapse 2015), pp. 10 to 15.
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implementable by internalizing customer adoption rates that reflect customer economics and assumed
program interventions (e.g., rebates, financing, customer outreach).

Best practice includes developing and using varying adoption rates for demand-side resources, including
the maximum achievable adoption scenario based on aggressive historical savings achievements by
leading jurisdictions and favorable policy and program scenarios (e.g., paying for 100 percent of the
measure cost—comparable to treatment of supply-side resource costs, comprehensive customer
outreach, and marketing and financing programs). A case in point is the NWPCC’s approach to estimating
total achievable potential for the regional power plan. NWPCC assumes that total cumulative market
penetration rates increase to 65 percent, then 85 percent of the total technical potential over a 20-year
timeframe (LBNL 2021e). Best practice for the competitive resource approach is for IRP modelers to
produce a capacity expansion model run that offers savings up to those consistent with the measure
adoption rates in the maximum achievable scenario in the most recent market potential study. Best
practice for the load modifier approach is to include a maximum achievable scenario in the market
potential study, as DTE did in its 2019 study by using “high” and “low” adoption scenarios (DTE 2019).

Policy considerations also need attention. For example, if certain energy efficiency investments for low-
income households are required, the IRP model needs to select these investments regardless of the cost
and consider them as a fixed input. In addition, some jurisdictions have minimum savings or budget
targets for other market segments (e.g., small commercial customers) that are set by policy or
regulation. While these targets could create suboptimal resource selection results, IRP modelers can
strive to model these mandates as accurately as possible in at least one IRP scenario. States such as
Washington require all cost-effective conservation to be procured (subject to a rate cap), regardless of
the market segment. Utilities can model some of these requirements with a load modifier approach or
simply by requiring the model to select these resources, while treating remaining conservation and
demand response measures through a competitive resource approach.

Best Practice 20. Model and bundle demand-side resources carefully

If utilizing the competitive resource approach, model and bundle demand-side resources carefully to
closely reflect actual program implementation and evaluation practices.

Under the competitive resource approach, demand-side resources are grouped together in a
manageable number of bundles as inputs to the capacity expansion model. IRP modelers can develop
these bundles to reflect how energy efficiency and demand response programs are typically designed,
implemented, and evaluated for cost-effectiveness. Some programs (e.g., home retrofit) contain multiple
measures from low cost (e.g., lighting) to high cost (e.g., HVAC) in order to meet customer needs and
avoid “cream skimming” that targets only the most cost-effective measures and abandons others often
offered with them as a package. IRP modelers also need to model specific market segments carefully so
that the modeling approach closely resembles actual program implementation practices.

Best Practices in Integrated Resource Planning | 42



Carefully bundling energy efficiency and demand response measures?’ avoids unnecessary
computational complexity within a capacity expansion model. Modeling energy efficiency and demand
response at the measure level and allowing the model to select individual measures based on costs, for
example, may prevent the model from solving. Current practices for measure bundling include
aggregation by cost (e.g., NWPCC, PacifiCorp) and load shape (e.g., Indiana Michigan Power). For
example, Indiana Michigan Power divides the bundled energy efficiency measures in 5-year increments
and annual 1,000 MWh units to reduce modeling time (IMP 2022).

When creating bundles for demand-side resources, planners can ensure that the temporal sequence of
expenditures is realistic and relatively smooth, without large changes over time. Without such guardrails,
the model may select considerably different amounts of demand-side resources each year. This may fail
to capture realistic patterns of consistent program offerings or follow actual program design and
administrative practices for stable or gradually increasing program efforts and funding.

Another best practice is to allow the model to select bundles less frequently than annually. Modelers
also can ensure that costs for continued programs and new programs are different. Given first-year start-
up costs, existing programs should produce a smoother output and are more likely to be selected in
subsequent years. This is easily achieved by bundling measures based on whether they are new or
existing and assigning bundle costs accordingly.

An example of this approach is Duke Energy Indiana’s 2022 IRP. Duke Energy Indiana modeled a study
period from 2021 to 2050. It represented its DSM savings with increased granularity in the near term and
consistent with its DSM planning cycles: 2021-2023 and 2024-2026. The IRP grouped subsequent
savings in 8-year periods from 2027-2034, 2035-2042, and 2043—-2050. During the period 2021-2023,
the model was required to select the bundle that corresponded with the utility's currently approved
demand-side management portfolio as well as low-income program savings. The model could then
choose an “expanded measure” bundle, an “expanded measure + higher avoided cost” bundle, or no
bundle. The expanded measure scenario included current and newly proposed measures, as well as new
energy efficiency programs where measures included in the study did not logically fit into an existing
offering. A bundle with higher avoided costs further enhanced savings by increasing participation,
increasing measures offered, or doing both. While Duke Energy Indiana did not model all potential
scenarios developed through the market potential study, the utility chose which scenarios to model
through collaboration with its Demand-Side Management Oversight Board. The utility aimed to
implement several best practices, including offering bundles of savings in excess of those achieved under
existing programs and constructing near-term bundles in a way that mimics their procurement through a
3-year DSM cycle.

Some state requirements call for cost-effectiveness of energy efficiency programs to be determined at
the program or portfolio level (NESP DSP n.d.). Modelers can produce program-level bundles that reflect
a few key programs that are complemented by measure-level bundles. However, demand-side resource
choices made by the capacity expansion model do not translate directly to optimal program design;
rather, those choices should inform the amount, market segment, location, and type of demand-side

27 Bundling should be done separately for demand response and energy efficiency and measures. Demand response measures
are oriented to capacity savings, while energy efficiency is mostly oriented towards energy savings (although it provides capacity
contributions as well).
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resource to procure. This is consistent with supply-side model outcomes that select generic resources
but leave the specifics to CPCN, siting and permitting, and procurement processes.

Best Practice 21. Ensure consistency with IRP scenarios

Ensure consistency between demand-side resource assumptions and IRP scenarios.

A key IRP principle is to represent the potential of energy efficiency, demand response, and other
demand-side resources in a way that is consistent with the scenarios modeled in IRP. That is because
assumptions made for IRP scenarios, such as those related to electrification and other load growth, also
affect the potential for peak load reduction, load-shifting, and energy savings. This consistency is
particularly important in the load modifier approach to DSM modeling because potential studies are
typically developed before and in isolation from IRP modeling exercises. The competitive resource
approach can produce more internally consistent portfolio choices, although consistency in basic cost
and technology assumptions to characterize load and demand-side resource is important.

Aligning key assumptions (especially avoided costs and underlying load forecasts) in the demand-side
resources potential study with assumptions in the IRP can mitigate distortions in modeling energy
efficiency and demand response in IRP. A utility can conduct the potential study at the same time as, or
right before, the IRP process and ensure consistency of key assumptions. Stakeholders need sufficient
time and resources to participate in both the potential study and IRP processes, if they are conducted
separately. If timing of the potential study does not allow for seamless coordination with the IRP, the
potential studies can include sensitivities on avoided cost and load forecast assumptions. The utility, with
stakeholder engagement, can select results from the sensitivity or scenario analyses that fit best with IRP
modeling assumptions or outputs.

Looking Ahead: Co-developed scenarios for IRPs and market potential studies

Ideally, a set of scenarios would be developed ahead of both the IRP and the market potential study
to be used in both; however, this is an aspirational practice with implementation challenges.

Best Practice 22. Incorporate all relevant benefits for demand-side
resources

If using the competitive resource approach, incorporate all relevant benefits for demand-side resources
by following policy objectives and requirements for assessing their cost-effectiveness.

To fairly value demand-side resources, IRP modelers need to incorporate all utility system benefits as
well as non-utility benefits that are consistent with all applicable policy objectives. Modeling demand-
side resources dynamically in a capacity expansion model is not sufficient because the model typically
captures only the benefits of avoiding energy and generation capacity and, when modeled, transmission
capacity. However, demand-side resources provide other utility system benefits such as avoided
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transmission capacity (when not explicitly modeled), avoided distribution capacity, and risk
management/hedging, as well as societal benefits such as avoided greenhouse gas emissions and other
pollutants.

When a jurisdiction requires consideration of customer and societal benefits (e.g., reducing water usage
and greenhouse gases, improving air quality) in cost-effectiveness screening tests to evaluate the
benefits of demand-side programs, IRP modelers need to incorporate such non-utility benefits when
screening cost-effective demand-side resources (LBNL 2021e). This is one of the principles of the
National Standard Practice Manual for Benefit-Cost Analysis of Distributed Energy Resources, which
recommends inclusion of all benefits and costs to achieve policy objectives (NESP 2020a). For example,
in its regional power plan modeling the NWPCC incorporates avoided T&D costs in the form of credits
that reduce the cost of energy efficiency measures. The NWPCC also incorporates non-utility benefits
(e.g., water and O&M cost savings) when modeling energy efficiency in its capacity expansion model
(LBNL 2021e). Incorporation of non-utility benefits is consistent with traditional qualitative discussions of
supply-side portfolios that have environmental, financial, and other benefits.

Competitive resource approaches can leverage some avoided costs that are endogenously modeled in
the IRP process, such as transmission costs or emissions costs. The load modifier approach typically
cannot internalize these costs directly in the IRP, instead using externally produced avoided cost studies.
Planners can verify consistency between assumptions used to develop avoided cost studies and those
used in the current IRP and adjust avoided costs accordingly.

Utilities commonly rely on market purchases to meet a portion of their energy and capacity needs.
Utilities that model themselves as an island—that is, model their utility footprint as if it is not connected
to external markets or energy sources—are not accurately reflecting their position in the larger electricity
grid and are omitting market resources from consideration. Market resources, both energy and capacity,
can frequently lower utility portfolio costs and impact resource selection. Reliance on market purchases,
however, requires that utilities study regional resource adequacy conditions to ensure the market can be
relied upon to supply energy and capacity needs (PSE 2021; LBNL 2019b). This regional awareness can
inform design of scenarios for capacity expansion modeling.

Best Practice 23. Use reasonable market interaction assumptions

Model reasonable levels of market purchases that capture the benefits from market integration without
exposing the utility system to risky levels of market exposure.

Aligning capacity expansion modeling with regional resource availability is particularly important
because factors such as load growth, growth of variable energy resources, and coal plant retirements
affect available capacity. Utilities can provide transparency into treatment of market purchases in their
modeling by describing their market studies and justifying the level of market purchases determined to
be available for selection by the capacity expansion model.
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Modeling a utility footprint as an island simplifies the modeling exercise, but it does not accurately
capture potential lower resource costs, including market revenue potential. This tends to disadvantage
zero marginal-cost resources such as solar and wind, which the utility can sell in the market. This
approach can also disadvantage energy storage, which can store power from the market during hours of
low cost for use when costs of supply-side resources are high. These values and revenues streams impact
the economics of resource build decisions. Accurate representation of external markets allows the model
to see the benefits from market interaction and impacts the model’s resource selection decisions.

On the flip side, high reliance on the market requires proper justification. Detailed regional and market
risk studies are best practice, but they are also resource-intensive. If the utility is unable to perform a full
study or chooses to rely on simplified approaches to market interactions instead of a full study, it can
align modeling assumptions with available transmission studies, recent market performance, and other
external studies and projections of resource availability in the region.

Puget Sound Energy’s 2021 IRP illustrates the importance of assessing regional energy and capacity
availability (PSE 2021). The utility historically assumed that 1,500 MW of firm transmission capacity from
the Mid-Columbia market hub would provide the utility with the equivalent to 1,500 MW generation
capacity available to meet demand. In the past, Puget Sound Energy relied on this assumption to procure
less generation capacity and lower its system costs. By 2021, however, three regional organizations had
published studies indicating that the Pacific Northwest would transition from a capacity surplus into a
shortfall at some point in the following decade without additional resource buildout.?® In response, the
utility decided to conduct a market risk and resource adequacy assessment for the 2021 IRP.

By aligning its resource adequacy model with regional reliability models, Puget Sound Energy was able to
“translate the regional load curtailments forecasted [...] into PSE-level impacts”(PSE 2021). Results
showed that in some simulations, the availability of market purchases could be limited by 500 MW by
January 2027. By that date, the utility might only be able to fill 1,000 MW of the available 1,500 MW of
transmission (PSE 2021, chap. 7). The market risk assessment further analyzed recent market supply and
demand fundamentals. Results showed that trading volume in the day-ahead market had declined 70
percent since 2015, while price volatility had increased. Increases in market volatility were particularly
evident when high temperature events aligned with fossil fuel supply constraints at key power units (PSE
2021, chap. 7). This assessment resulted in Puget Sound Energy's decision to limit the number of market
purchases going forward and transition short-term market purchases from a 1,500 MW limit to 500 MW.
To fulfill its resource adequacy needs, the utility designed its preferred portfolio to reflect additional firm
capacity contracts (PSE 2021).

Widespread extreme weather events have shown that fossil-fuel-based units whose fuel supply is not
properly winterized are subject to outages during winter weather events. In Winter Storm Uri, for

28 These included NWPCC, Pacific Northwest Utilities Conference Committee, and Bonneville Power Administration. See (PSE
2015) Appendix G.
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example, as much as 6.7 GW of thermal generation capacity was unavailable due to “fuel limitations” (UT
Austin 2021).

Resource adequacy assessments performed as part of the IRP process typically do not capture the
weather dependence of fuel availability. Even more concerning, the assessment rarely captures such
common mode failures, when an underlying event causes a series of correlated outages across certain
technologies.

Best Practice 24. Model fuel supply limitations

Incorporate fuel supply limitations, weather-sensitive failures rates, and weatherization investments in
resource planning.

Two related best practices improve IRP characterization of fuel availability for fossil fuel resources during
extreme events, in line with utilities' continued focus on the impact of weather on the performance of
solar, wind, and storage. First, as discussed in Best Practice 4, utilities (and ISO/RTOs) can develop and
implement weather-sensitive failure rates that allow for highly correlated asset failures due to fuel
availability. Second, in conducting IRP processes, utilities can plan for and model investments in
winterizing fuel supply to reduce the common-mode failure rate for fossil fuel resources. These
investments require careful analysis to ensure that further investment in the plant for winterization is
economically optimal based on the forward-going economics of the plant relative to alternatives. A
review of recent resource plans shows a focus on the impact of weather on the performance of solar,
wind, and storage without enough focus on the weather impacts on other resource types, including coal
and gas plants (LBNL 2023a).

The impacts of fuel supply limitations are another key factor for utilities to carefully consider in resource
build or buy decisions. For example, Georgia Power Company recently filed an IRP update requesting
approval to build three peaking combustion turbines (GPC 2023). The utility does not have a firm source
of natural gas for the proposed plants and plans to operate them on oil during times when gas is not
available. Qil is significantly more expensive than gas and has higher pollution levels across multiple
emission types. Reliance on oil at the plant means the project will have higher costs and environmental
impacts than a combustion turbine unit operated just on gas. Further, if the company faces natural gas
constraints in the future, beyond what it assumes in the model, its reliance on oil will increase and so
will the associated cost and environmental impacts.

Best Practice 25. Evaluate the impacts of gas price volatility and coal
supply constraints

Incorporate fuel price volatility and fuel supply constraints into resource planning, and consider resource-
portfolio solutions to limit risk.

Fuel price volatility is a fact of the market and not something that individual utilities can control. High
natural gas prices are straightforward to model, but volatility is much more challenging to capture
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through deterministic modeling. To incorporate fuel price volatility in electricity system modeling,
utilities can use stochastic risk analyses that use Monte Carlo simulation to evaluate portfolio
performance under different commodity price scenarios.

Utilities can take measures to manage and mitigate price volatility through various fuel procurement
strategies—for example, through hedging programs that lock in a portion of supply at known costs to
avoid the risk of high costs in the future. But hedging can be costly and, ultimately, a utility has more
control over its resource supply mix than its fuel supply. By diversifying its resource mix and reducing the
portion of its system that relies on the volatile input, a utility can control its fuel price volatility risk.
Specifically, utilities can manage the portion of generation that comes from natural gas in each resource
portfolio and design and model scenarios that limit the portion of a utility’s portfolio subject to price
volatility. This means focusing energy resource procurement on energy resources such as solar and wind
that do not require fossil fuel inputs.

Price volatility and uncertainty has historically been most common in the gas market, but it has also been
present in coal markets in recent years due to several factors. First, challenges stemming from labor
strikes at both mines and the railroad transportation network resulted in price spikes in some parts of
the country, particularly the Midwest and Appalachian region (Energy Ventures Analysis 2022; U.S. EIA
2023b). Some coal plants had to reduce operations due to low coal supply. There is likely to be more
price uncertainty and possibly increasing prices in the future as more coal plants close, demand for coal
drops, smaller coal suppliers go out of business, and the coal supply chain continues to contract. With
more market power, the remaining large coal producers will have more control over coal supply, likely
driving up the cost of coal in the future. Stochastic analysis and modeling of various coal price forecasts
can help capture this risk. In addition, utilities can limit their exposure to these risks by reducing
operations at, and planning for retirement of, coal plants.

The IRP process provides crucial inputs for regional transmission planning. In May 2024, FERC issued a
Final Rule (Order 1920) that provides guidance for transmission planners on transmission planning and
cost allocation issues (FERC 2024). The order requires regional transmission planners to identify
transmission needs driven by changes in power supply and demand by developing long-term scenarios
at least 20 years long—a timescale that matches the typical IRP planning horizon. Likewise, FERC noted
the need for proactive planning for resources not yet in development, so that planners can prioritize the
most cost-effective solutions.

Best Practice 26. Consider transmission alternatives and infrastructure
expansion

Consider transmission alternatives and expansion of regional transmission infrastructure as part of the
resource planning process.

To prioritize transmission solutions, transmission planners look to IRPs for long-term forecasts of supply-
side resources that are most likely to materialize. In turn, utilities can incorporate information from these
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long-range transmission plans into IRP scenarios and allow endogenous transmission builds in capacity
expansion models (where modeling capabilities allow). This best practice informs regional transmission
planning and helps co-optimize transmission expansion and generation portfolio development. This is
already occurring to some extent, and new modeling capabilities may support further effort in the
future.

The primary driver for regional transmission expansion is the changing mix of generation resources that
utilities are selecting. Regional transmission planning organizations including NorthernGrid and
WestConnect build their regional transmission plans in a bottom-up manner using individual utility
inputs (Gridworks 2023). In California, the reference IRP prepared by CPUC staff directly provides inputs
for CAISO’s Transmission Planning Process (CPUC 2023). Some large utilities such as PacifiCorp consider
regional-scale transmission within the IRP. It’'s common even for smaller utilities to consider intra-system
transmission upgrades in the IRP. However, these are typically in the form of hardcoded, preplanned
transmission projects, rather than allowing the model to select transmission to help meet resource
needs. The absence of wider exploration of transmission expansion and transmission optimization in IRPs
are barriers to regional transmission buildout (Gridworks 2023).

A critical improvement is enabling capacity expansion models to select transmission buildout via
tranches of transmission available at different costs. Modelers can also run scenarios that enlarge
intrastate or regional connections to see how such changes shape optimized utility resource portfolios
and costs. Doing so creates two benefits: (1) the utility is better prepared for a future with greater
regional transmission planning and buildout, and (2) the utility can generate information that helps
shape regional planning by informing regional planners about how different transmission options fit into
a least-cost portfolio.

Some utilities already explicitly perform resource planning in a way intended to inform transmission
planning. As PacifiCorp’s 2023 IRP notes, “IRP and transmission planning processes complement each
other by helping PacifiCorp optimize the timing of its transmission and resource investments to deliver
cost-effective and reliable energy to our customers.” The IRP included several large, preplanned,
hardcoded transmission projects and endogenous selection of transmission to inform the relationship
between “probable near-term projects and their transmission dependencies.” Endogenous transmission
capabilities specifically included “new incremental transmission options tied to resource selections,
existing transmission rights tied to the use of post-retirement brownfield sites, incorporation of costs
associated with these transmission options, and transmission options that interact with multiple or
complex elements of the IRP transmission topology” (PacifiCorp 2023). As another example, Public
Service Company of Colorado incorporated a section in its Clean Energy Plan that analyzed the necessary
transmission investments to support its Preferred Plan, acknowledging the substantial transmission grid
support investments required to interconnect a large portfolio of increasingly spread-out generation
resources and accommodate generation retirements (PSCo 2021).
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Best Practice 27. Properly justify bulk power system interconnection
costs and constraints

Properly justify interconnection costs and constraints modeled for new generation resources at the bulk
power system level.

Ideally, transmission planning is integrated with generation planning. Transmission resources can be
made available to the IRP model to select endogenously in the same manner as supply- and demand-
side resources. For reasons discussed above, it is not always feasible or possible to fully integrate
transmission planning into capacity expansion modeling based on model limitations, computing
limitations, and a lack of full information on transmission expansion options. As an alternative, utilities
sometimes estimate incremental transmission interconnection costs and attribute them to specific
generation projects in the capacity expansion model. Even where interconnection capacity is
constrained, utilities can model interconnection costs representative of the cost of addressing the
constraints rather than omitting generation resources.

Given recent sharp growth in the total cost of interconnection-related network upgrades and the cost of
such upgrades relative to generation project costs, it is best practice for utilities to factor interconnection
costs into a project’s capital costs. According to one report (Grid Strategies 2021) interconnection costs
for new renewable resources were less than 10 percent of total generation project costs until a few years
ago. Recently interconnection costs have risen to between 50 percent and 100 percent of total
generation project costs as penetration of renewable energy resources on the grid increases.

Although reform is underway at both national and regional scales to change how costs are allocated,
interconnection charges are still generally borne by the energy project developer. Utilities can ensure
that the interconnection costs they model in IRPs are properly justified based on robust studies.
Interconnection costs beyond the near term can reflect improvements in the interconnection process
that are already underway. Additionally, interconnection costs can be applied fairly across all resource
types to avoid bias in resource selection. Proper modeling and representation of interconnection costs
will remain an important issue as additional transmission upgrades are increasingly needed to
accommodate interconnection of resources on the bulk power system.
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IV. Designing scenarios and sensitivities
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A scenario is a model run with a specific set of input assumptions and constraints—internal and
external—to provide insights on distinct questions. Often, scenarios represent different goals or views
of the future. Scenario A, for example, may include a high gas price forecast and low renewable
energy capital costs, whereas Scenario B may include a low gas price forecast and high renewable
energy capital costs. In this example, both scenarios serve as bookends at opposite ends of two
scales. This is a common method for structuring scenarios.

A sensitivity is a model run that changes a single key input to understand how that input affects or
drives results, often across multiple scenarios. The objective of a sensitivity analysis is to understand
how results are affected by a single variable. For example, a higher load forecast may be applied to
Scenarios A and B to test the effect of that one change layered across the range of other variables
represented by each scenario.

A portfolio is the resulting resource mix from each scenario or sensitivity analysis, or a particular set
of resources programed into a scenario to test. An optimized portfolio represents the least-cost
solution to a capacity expansion model for a given scenario, considering risk and uncertainty.

Scenarios are the foundation of resource plan development and the framework for the model’s
optimization runs. Because utilities cannot evaluate every potential system outcome, they use scenarios
to focus on inputs that are most likely to vary in the future and organize them around views of the likely
future, specific policy goals, or other priorities. Modelers feed inputs and constraints for each scenario in
the optimization engine (capacity expansion model) to produce a distinct optimized resource portfolio
for each scenario. They then feed the resulting resource mixes into the production cost model to
produce the optimized operational and dispatch plans for each scenario. The goal is for the utility to
model a representative number of scenarios that provide sufficient information to inform the
development of a preferred portfolio.
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Sensitivity analysis enables a utility to understand how a change in a single input or constraint impacts its
optimal resource mix. There are two general types of sensitivities: (1) a sensitivity that tests how the
optimal resource mix changes assuming the utility plans for a change in one assumption from the start
and (2) a sensitivity that performs a “robustness check” on a specific portfolio to quantify the
operational and cost risks of an inaccurate single assumption. Both types of sensitivities are important,
and both can help inform a utility resource plan.

For example, if the utility wants to understand how a higher gas price forecast will impact its resource
mix, it re-runs the capacity expansion model using a high gas price forecast. The results will tell the utility
how to plan its system if it thinks that gas prices are likely to rise (or even just become increasingly
volatile). Alternatively, if the utility is interested in understanding the risks or robustness of each
portfolio to high gas prices, modelers can run all of the portfolios through a new production cost
modeling run with a high gas price forecast. The results will reveal how system operations and costs will
change for each scenario if the system is built assuming base gas prices, but then gas prices are much
higher.

Planners face several challenges to designing effective IRP scenarios and sensitivities, including the
following:

1. Modeling a full, comprehensive range of uncertainties vs. producing straightforward, informative
results. Too many scenarios, with too much complexity, risk confusing stakeholders. But too few
scenarios risk omitting evaluation of critical factors.

2. Balancing stakeholder requests with utility priorities and commission requirements. Utilities can
reduce the number of scenarios they have to run by designing scenarios that satisfy the
priorities of multiple parties where interests overlap.

3. Minimizing shareholder risks vs. minimizing ratepayer costs. The interests of utility shareholders
and ratepayers do not always align. That can drive utilities to model specific scenarios and omit
others that could be lower cost or lower risk. For example, a utility may not model early
retirement of an aging fossil fuel generator with a large undepreciated balance because that
creates shareholder risk.

All these challenges require common sense, an open mind, and prudent judgment. This chapter offers
best practices for exercising these qualities when building scenarios, evaluating scenarios, and using
scenario results.

Best Practice 28. Model a base case that allows for easy comparison

Model a base case scenario that facilitates comparison across scenarios and sensitivities and ensure
internal consistency across all scenarios and sensitivities.

Utilities include multiple scenarios in their IRPs to test a range of future outcomes. To ensure a useful
comparison across all of these scenarios, a best practice is to first develop a base scenario as the starting
point for all other scenarios. Modelers can use this base scenario to ensure they design all subsequent
scenarios and sensitivities to be internally consistent so that results can be readily compared across
scenario and sensitivities. Any subsequent scenarios can be designed to deviate from the base in a clear

Best Practices in Integrated Resource Planning | 52



and methodical manner—i.e., with different loads, commodity prices, regulatory assumptions, new
resource cost assumptions, and more.

Best practice is to design the base scenario to reflect a realistic view of the world—i.e., an "expected"
scenario—and abide by all existing federal, state, and regulatory requirements. Where there is
regulatory uncertainty about the future of a final regulation, utilities can model a range of scenarios both
with and without the regulation (as discussed in Best Practice 30).

Where a utility is modeling both its own footprint and the larger market the utility operates in, it is also
important that assumptions be applied consistently across geographic scales (except where deviations
are intentional). For example, it is critical to align input assumptions, such as commodity and market
prices, regulatory assumptions, and resource cost inputs, across geographic scales.

Consistency across scenarios is also important. A high decarbonization scenario, for example, is likely to
result in lower market energy prices in many hours of the year due to the higher prevalence of zero-
marginal-cost resources, but also higher prices in some hours. If the utility does not develop its own
scenario-specific market prices, it can select a third-party market price forecast that reflects the utility's
assumptions about the relationship between decarbonization in its footprint relative to decarbonization
in the rest of the market. A lower energy market price may reflect the assumption that decarbonization
is happening across all regions, while a base or high market price may reflect the assumption that
decarbonization is happening more rapidly in the utility’s footprint than in the broader market region.

It is also important for utilities to use the results of sensitivities and scenarios thoughtfully in drawing
conclusions. Revenue requirement results can be most easily compared across portfolios developed
using the same fundamental price forecasts for commodities (e.g., gas, coal), electricity market prices,
emissions, loads, new resource costs, regulatory context, and other consistent inputs. Comparing costs
across portfolios developed with different fundamental inputs can be used to understand risk and
uncertainty, but not to draw direct conclusions about which portfolio is least-cost.

Best Practice 29. Design scenarios to evaluate uncertainty and risk

Design a range of scenarios that provide information about uncertainty and risk across a range of
futures.

The objective of scenario development is to understand uncertainty and risk in the electricity system and
determine how to best manage them through resource planning. Scenarios focus on evaluating and
understanding likely future views of the world (and the electricity system), the impact of specific policy
goals on resource planning, how market trends could impact resource options, and how risk and
uncertainty around various inputs and variables impact the optimal resource mix. Some scenarios may
focus on isolating the impact of a few specific variables. Others help the utility understand what type of
full system changes are necessary to meet a specific goal. Ideally, all of the scenarios modeled meet
existing state and regulatory requirements and represent reasonable stakeholder priorities.

Table 1 identifies common uncertainties and risks that IRP scenarios address, with examples. Best
practice is to focus on developing scenarios that evaluate real and likely variables and futures. Scenarios
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that evaluate extreme themes or views of the world may be interesting, but ultimately are not likely to
provide useful information for resource planning purposes.

Table 1. Common uncertainties and risks that IRP scenarios address, with examples

Uncertainties and Risks

High electrification

High DER and DSM future

Technology advancement (CCS, hydrogen,
small modular reactors)

Long-duration storage

Decarbonization by a certain year

No new fossil resources after a certain
year

Retirement of all fossil fuel plants by a
certain date

Compliance with proposed environmental
regulations (e.g., Clean Air Act section
111(d) rule for greenhouse gas emissions)

Increased environmental regulation

Extreme weather

Change in reliability requirement or
reserve margin

Increased industrial and data center loads

Increased transmission buildout

Stakeholder-requested scenarios

Commission-mandated scenarios

Dominion Energy South Carolina 2023 — high electrification
scenario (Dominion SC 2023)

Dominion Energy South Carolina 2023 — high DSM scenario
(Dominion SC 2023)

Tucson Electric Power 2023 — P09 Portfolio with Small Modular
Reactors (TEP 2023a)

Public Service Company of New Mexico 2023 — long-duration
storage scenario (PNM 2023)

Xcel Energy Upper Midwest 2024 — 100 percent carbon-free by
2050, Avista 2023 — Clean Portfolio by 2045 (Xcel Energy 2024;
Avista 2023)

Avista 2023 — no new natural gas, Santee Cooper 2023 — no new
fossil generation (Avista 2023; Santee Cooper 2023)

PacifiCorp 2023 — retire all coal plants by year-end 2029, retire all
natural gas plants by year-end 2039 (PacifiCorp 2023)

Xcel Upper Midwest 2024 — environmental policy scenario (Xcel
Energy 2024)

Dominion Energy South Carolina 2023 — aggressive regulation
scenario (Dominion SC 2023)

PacifiCorp 2023 — extreme weather load forecast sensitivity
(PacifiCorp 2023)

Public Service Company of New Mexico 2023, Avista 2023, Xcel
Energy Upper Midwest 2024 (PNM 2023; Avista 2023; Xcel Energy
2024)

Xcel Energy Upper Midwest 2024 — data center load sensitivity
(Xcel Energy 2024)

PacifiCorp 2023 — All Gateway scenario (PacifiCorp 2023)

Public Service Company of New Mexico 2023, Avista 2023,
PacifiCorp 2023, DTE Electric Company 2022, Duke Energy Indiana
2021 (PNM 2023; Avista 2023; PacifiCorp 2023; DTE 2022; DEI
2021)

Public Service Company of New Mexico 2023 — impacts of a range
of carbon prices (PNM 2023)
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Sometimes it makes sense to combine multiple uncertainties and risks in a single portfolio to test a
scenario with a complete view of the future. Other times it makes sense to isolate and test particular
changes in sensitivities. Transparency is key, for scenarios and sensitivities as well as the utility's
preferred portfolio.

Best Practice 30. Plan for and incorporate important regulatory factors

Model all final, proposed, and likely regulations to allow time for proactive planning and identification of
no-regrets actions.

Regulatory uncertainty is a particularly impactful uncertainty for planners to account for in scenario
analysis. This can take the form of final rules that are being legally challenged, formally proposed rules,
or even regulations that are likely but not yet proposed.

For example, NRELs annual Standard Scenarios report accounts for regulatory uncertainty in its U.S.
electricity sector outlook by modeling all scenarios under current policies, as well as under two national
electricity sector carbon dioxide emissions constraints: one that reaches 95 percent net decarbonization
by 2050 and another that reaches 100 percent net decarbonization by 2035 (NREL 2023). Reference
scenarios that only include current policies may serve as a point of comparison for other scenarios and
provide insight on the risk of the status quo, but do not represent the expected future.

For final regulations that are new or subject to legal challenge, some utilities choose to model
compliance as a single alternative scenario rather than as part of a base scenario. Modeling compliance
as just a single sensitivity or alternate scenario and not in the base case limits the utility's ability to plan
for a future with the regulation in place and identify no-regrets actions that are economic regardless of
the regulation’s status.

Proposed policies and regulations provide valuable insight into the direction of regulatory momentum
and can give utilities the opportunity to figure out how to model new and complex requirements. When
it comes to environmental regulations in particular, failing to model any further regulation prior to a
finalized rule nearly guarantees that capacity expansion modeling misrepresents the future by
underestimating environmental compliance costs. Future regulations are inherently uncertain, but
modeling current or pending regulations is a better central case than assuming no future regulation. For
example, EV deployment targets aimed at decarbonizing
transportation will very likely grow as low-cost EVs become
more readily available and charging infrastructure becomes
more prevalent. Environmental regulations of emissions
related to air and water will almost certainly continue to
increase in stringency and call for lower levels over time,
even if there is temporary backsliding. Modeling scenarios
and sensitivities that examine the impacts of regulatory
factors such as these provides insights into how the utility's
strategy would need to respond to changes to rules and
makes resource plans more responsive to potential

Such modeling can also help the
utility understand which resource
options are most robust or less
risky regardless of future
regulations, and which are highly
sensitive to regulatory outcomes.
Crucially, these scenarios and
sensitivities can also inform the
utility’s preferred portfolio.
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changes. Such modeling can also help the utility understand which resource options are most robust or
less risky regardless of future regulations, and which are highly sensitive to regulatory outcomes.
Crucially, these scenarios and sensitivities can also inform the utility’s preferred portfolio.

It is common for utilities to reject modeling regulations that are not yet finalized, with the justification
that prior to finalization, uncertainty surrounding the rule is too great for incorporation into planning.
Utilities also may avoid modeling final rules that are being formally challenged in legal venues. For
instance, Avista’s 2023 IRP acknowledges the impact of draft rules that EPA issued in May 2023 relating
to coal- and natural-gas-fired resources, but states that no adjustments will be made to the resource
plan prior to issuance of final rules (Avista 2023). Duke Energy’s 2023 IRP for North and South Carolina
devotes a chapter to “Planning for a Changing Energy Landscape,” noting the rapid advancement of
policy-driven financial incentives, such as clean-energy-related tax credits under the Infrastructure
Investment and Jobs Act and IRA, as well as new environmental regulations such as EPA’s proposed Clean
Air Act Section 111 rule for greenhouse gas emissions. Duke evaluated the performance of its Core
Portfolios and Supplemental Portfolios under conditions of the proposed 111 rule for “informational
purposes” (Duke Energy Carolinas 2023, chap. 2). Although Duke’s modeling shows that the proposed
rule may have important planning ramifications, the utility did not include the proposed rule in its base
planning assumptions because it is “still being interpreted, clarified, and commented on and may change
prior to being finalized” (Duke Energy Carolinas 2023, chap. 3). Similarly, Dominion Energy in Virginia and
Santee Cooper in South Carolina did not consider the proposed rules in their recent IRPs (Dominion VA
2023; Santee Cooper 2023).

EPA’s proposed Greenhouse Gas Regulations under Section 111 of the Clean Air Act is an example of how
a proposed environmental rule can provide an advanced look at the direction of a final rule. The
proposed rule included a variety of compliance measures including the option to comply through CCS,
hydrogen conversion, co-firing with natural gas, or lowering capacity factors. Although the final rule,
published in 2024, altered some specific aspects of the rule and removed the hydrogen conversion
compliance option, the basic structure of the regulation, its stringency, and ramifications for highly-
polluting power units—namely, reductions in carbon dioxide emissions—were largely unchanged.
Studying the impact of the proposed rule would have provided an advanced look at the risk of continued
reliance on regulated units, particularly those that pollute the most.

Modeling the impact of proposed regulations can also inform intelligent regulatory design. When EPA
publishes new environmental rules, the agency solicits feedback from industry. Incorporating proposed
environmental regulations into IRPs can provide quantitative evidence to support industry feedback.

For example, Duke’s modeling of the proposed 111 rule shows that although the Core Scenarios are
“generally in line” with the first phase of the proposed 111 rule, compliance paths through later phases
produce dramatically different results from the Core Scenario, with striking cost impacts. One tested
path would require an additional 1.6 GW of offshore wind and an additional gas combustion turbine by
2035, both of which exceed Duke’s forecast for resource availability and add $3.9 billion to the
sensitivity’s present value of revenue requirements (PVRR). Another path relies on hydrogen blending
and increases the PVRR through 2050 by $11.4 billion. While these changes indicate that EPA’s proposed
111 rule has the potential to change the least-cost system for Duke, the utility did not factor the
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sensitivities into its preferred resource plan.? This creates a risk that the utility's plan will be rendered
suboptimal by EPA’s final 111 rule.

Best IRP practice is to take a reasonable and considered view of expected future regulations and include
them in the base case scenario. Where there is significant uncertainty, planners can analyze alternative
futures with more and less strict regulations in other scenarios or sensitivity analyses, or both. Assuming
environmental regulations that are not finalized will not exist in the future can lead to costly resource
decisions and delays in resource planning and resource procurement decisions.

2% Duke notes a variety of near-term (2023-2026) actions to study hydrogen availability; but it otherwise does not
incorporate the proposed 111 rule into its planning, aside from stating that it will update its planning assumptions
as new requirements evolve (Duke Energy Carolinas 2023, chap. 4).
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V. Running the models (and iterating)
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This section of the report presents nine best practices relating to selecting, initializing, calibrating, and
running the various models used in the IRP process.

Best Practice 31. Thoughtfully select capacity expansion and
production cost models

Thoughtfully select capacity expansion and production cost models and use modeling software that can
perform both functions if possible.

Capacity expansion and production cost models offer two complementary perspectives on the costs of
the power system. While the industry trend has been attempting to integrate these models, software still
tends to be specialized. A best practice is to verify the outcomes of a capacity expansion model using a
more accurate and detailed production cost model in an iterative process.

Historically, some utilities relied on models that only have production cost capabilities. Instead of letting
the model develop an optimized portfolio, utilities manually develop and test specific scenarios. This
approach is inefficient, imprecise, and unlikely to lead to a least-cost outcome. Another best practice is
selecting modeling software that can perform both capacity expansion and production cost functions.

A small number of commercially available models are typically used by utilities for capacity expansion
and production cost optimization in IRPs, such as EnCompass, Aurora, and Plexos (Yes Energy, n.d.
EnCompass; Energy Exemplar, n.d.-a Aurora; n.d.-b Plexos). That is in part because few models have
adequate capabilities; have been used widely enough for utilities, regulators, and stakeholders to trust
the results;® and offer sophisticated and consistent customer service to address the myriad of issues
that using these models entail (including access to prepared and curated datasets). Expanding the pool
of available models could help lower barriers to accessing modeling capabilities. National laboratories
have developed several well vetted open-source models such as ReEDS (NREL ReEDS n.d.-d) and RPM
(NREL RPM n.d.-e) capacity expansion models and the Sienna production cost model (NREL Sienna n.d.-
f), among others (MIT and Princeton GenX n.d.; PyPSA, n.d.; RAEL SWITCH n.d.). These open-source

30 This creates a barrier to entry for new models. A model must be trusted in order to be widely used, and it must be commonly
enough used to be trusted.
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models have limitations in their user base, support, and user interface that would need to be addressed
before being fully viable alternatives.

Capacity expansion and production cost models developed and maintained by third parties such as
commercial vendors and government agencies are important because they are accessible at least in
theory by any stakeholder. That means results can be replicated and models remain relatively unbiased
in their design. Open access to datasets also is critical for result replication. In practice, stakeholder
access to models can be challenging due to the cost of model licensing,! the technical sophistication
required for users, concerns about data confidentiality, and some utilities' ambivalence about
collaborating with stakeholders at this level (see Section | on stakeholder engagement for more
information).

Looking Ahead: Benchmark models to support IRP best practices

To support adoption of best practices in resource planning, utilities would benefit from third-party
benchmarking of models—comparing them in terms of performance and outcomes.*

Different models emphasize certain characteristics of the power system over others. For example, they differ in
the temporal resolution used to capture operational and investment timeframes. Some models use a time slice
approach that emphasizes energy and ancillary service needs; other models use a sample hour approach that
emphasizes capacity needs. Ideally, a third party would compare existing models to inform choices to represent
the utility-specific power system analyzed in the IRP.

Model assessments would ideally go beyond comparing model attributes to help resource planners choose and
implement a suite of models. Challenges with this approach include the proprietary nature of datasets and the
time required to set up and run models. A common standard for data inputs could allow for a manageable yet
informative number of redundant simulations to verify key decisions.

While model performance is important, other considerations for model selection include transparency,
usability, and vendor support (see DTE Electric Company’s Integrated Resource Plan Modeling Software
Collaborative Summary Report in MPSC Case No. U-20471)(DTE 2020).

* The Energy Modeling Forum compares energy and climate models, but to our knowledge, no one has systematically
compared and validated models used for utility IRP (Stanford University).

Best Practice 32. Thoughtfully select a geographic model scale

Thoughtfully select a geographic model scale that allows meaningful analysis of the resource potential
and diversity available to the utility system being planned.

There is an inevitable tradeoff between model complexity and performance. This tradeoff is especially
relevant to IRP modeling, which can include hundreds of runs to simulate a wide range of scenarios and
sensitivities. The more complex the model, the longer the run time. That will limit how many model runs
planners can complete within a given timeframe.

31 |n some states, regulators have required utilities to purchase model licenses for intervenors, as in Arizona and lowa.
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Two key aspects characterize model complexity: spatial scales and temporal scales. The spatial scale
relates to the level of topological and geographical detail used to represent the power system under
study. The temporal scale relates to the time-sensitive granularity of the system’s operation as well as
the time horizon for investment decisions. Thoughtful choices for spatial and temporal scales—with
consideration for their interactions—balance accuracy and tractability (see Best Practice 33 and Best
Practice 34).

Key spatial decisions include the choice between zonal and nodal modeling,®? modeling of integration
with regional markets, modeling of transmission connections and limits, and modeling of the utility
footprint within the larger region and any relevant ISO/RTO to capture regional impacts on reliability and
resource mix (for example, how much can the utility rely on the market).

While nodal modeling is most accurate, zonal is much less computationally- and data-intensive and likely
sufficient from a resource planning perspective. Regional market integration can be reflected through a
one- or two-step process. For the one-step option, the utility uses full capacity expansion and production
cost modeling for the utility's footprint as part of the larger ISO/RTO or region it sits within. For the more
common two-step option, the utility first runs the capacity expansion model for the full region to
produce market prices, with relaxed constraints for resource builds and unit dispatch.3® Then, in a second
step, the utility uses market prices as an input to model the utility footprint with more granular settings
and constraints for both capacity expansion and production cost runs (see Best Practice 40). While full
regional modeling is more accurate, it is unlikely to be computationally viable for production cost
modeling. At the same time, modeling the utility as an island without regional connections is not a
reasonable IRP practice.

Regional modeling requires a scale that reflects geographic diversity in renewable resources and load
characteristics. Modeling choices for supply- and demand-side resources are influenced by how their
temporal profiles interact and by their location. A best practice is to study historical load and variable
renewable energy generation patterns and then establish a minimum set of zones that are explicitly
reflected in the model to capture diversity in these patterns. Reliability and resource constraints and
parameters are critical model inputs.

Generally, transmission planning is integrated with resource planning processes, but through different
modeling exercises. To simulate major transmission connections and limits in a zonal model, planners
can create distinct zones for each region. An appropriate spatial scale will reasonably represent
transmission corridors—in particular, lines that are typically congested—so the model can more
accurately consider transmission lines for expansion (see Best Practice 26lIl.Best Practice 26). Planners
usually choose higher voltage lines (i.e., above 220 kV) and several key substations to capture system
topology. In addition, planners will want to consider including nodes that have historically presented
patterns in locational marginal prices that reflect congestion, regardless of the nodes’ voltage levels.

32 Nodal modeling refers to using actual transmission substations and the transmission grid topology to locate load within the
model. Zonal models aggregate substations and associated transmission lines and connected load into contiguous zones that
simplify the model.

33 Market price forecasts are dependent upon specific assumptions for gas prices, regulations, policies, and resource
deployment within the ISO/RTO footprint.

Best Practices in Integrated Resource Planning | 60



Best Practice 33. Thoughtfully define the appropriate study period

Use a study period that is long enough to allow meaningful comparison between capital-intensive
resources and others that might be considered and built in the future.

The temporal scale for IRPs works at two levels: investment and operation. Capacity expansion and
production cost models interact across these scales to ensure rigorously tested least-cost outcomes.
With respect to investment temporal scales—the IRP planning horizon—the minimum planning period
may be defined by statute or regulation. As a general best practice, the study period extends far enough
into the future to include important differences between scenarios with respect to recovery of
investment costs and avoid distortions, as discussed below.

Any optimization that is done for a finite modeling period (e.g., 5 years or 20 years) has the potential to
be influenced by “end effects,” meaning significant costs that would be incurred beyond the study
period. This issue has been recognized since the late 1970s. Proposed solutions include adding a salvage
value to any asset and liability or approximating the system’s continued operation (UC Berkeley 1979;
Murphy and Soyster 1986). In many instances this is not a significant problem, particularly if the study
period is long and the investment scenarios do not have large capital investments whose cost recovery
would occur beyond the end year. On the other hand, in cases where there are large investments made
near the end of the modeling period, considering and accounting for “end effects” can be quite
important.

Typically, planners compare scenarios based on their PVRR (or cumulative discounted costs) over the
study period. For example, if a capital-intensive project is brought online near the end of the planning
period in one resource scenario but not in another, then the cost comparison between the scenarios
may not reflect the real cost differences between the cases. Planners might address this issue by
extending the study period a few more years or by making an “end effects” adjustment to the scenario
costs.

In addition to issues regarding the overall length of the study period and accounting for potential costs
that would be incurred beyond the study period, some optimization modeling assumes “perfect
foresight.” The model optimizes the entire study period as each if year’s capacity expansion and
retirement decisions can be made with knowledge of future loads, fuel costs, capacity additions, etc. For
a particular year, the model assumes future regulatory costs, which can be used to inform near-term
decisions. This can be desirable in some instances, but if there is a high level of uncertainty around
decisions far into the future, it may be less desirable to have uncertain information drive near-term
decisions. In addition, because some optimization models consider more information in making
decisions, a long optimization period can also result in long model runtime. Conversely, single-year or
multi-year foresight/optimization reduces the model run time, can help space out new builds, and can
exclude uncertain drivers from near-term consideration.

The choice of optimization horizon can be especially important for resources expected to have declining
costs over time, as with the significant annual capital cost reductions for some renewable and storage
resources. In such cases, the optimization algorithm of a least-cost model might delay as much as
possible capital-intensive decisions in ways that would not reflect appropriate decision-making. Most
models today solve the problem by annualizing investments, applying useful lifetimes, and internalizing
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these annuities in the objective function. This practice, coupled with using an extended modeling
horizon, should prevent end-effect distortions.

Best Practice 34. Thoughtfully select the appropriate time granularity
for production cost modeling

Use a time granularity for the production costing simulation that enables modeling of important timing
considerations in dispatch.

In addition to the time horizon over which the model makes investment decisions, the resolution or
granularity of the dispatch for operation costs is also a critical modeling parameter decision. A best
practice for operational temporal scales for both production cost modeling and capacity expansion
modeling is using hourly representation, consistent with resource adequacy assessments. Hourly scales
enable single-day or even multiple-day chronological representation for system operation that captures
some ancillary services needs, such as ramping requirements. Intra-hour analysis that includes primary
and secondary frequency, voltage regulation, and other non-economic simulations may be conducted as
well in suitable power flow, dynamic, and reliability models.

Full 8,760-hour representations for annual system operation are generally tractable. However, in cases
where the spatial scale needs to be highly granular, the complexity of the simulation may increase
substantially. In these cases, modelers can use a subset of hours that reflect peak and non-peak hours
and seasonality of loads and resources. Ideally, modelers will choose this subset of hours carefully and,
when possible, capture consecutive 24-hour periods and even longer timeframes for modeling long-
duration storage. While less common in capacity expansion models, many utilities use 8,760-hour
representations in production cost models and similar portfolio refinement steps, as demonstrated in
several 2023 IRPs (Santee Cooper 2023; PacifiCorp 2023; Avista 2023).

Best Practice 35. Calibrate the production cost and capacity expansion
models

Calibrate the production cost and capacity expansion models to anchor them to current system
conditions and validate the legitimacy and accuracy of the model results.

Capacity expansion modeling is an inherently theoretical exercise that studies possible evolutions of a
power system based on initial conditions and forecasts of key variables. Nevertheless, the model still

needs to be anchored in, and calibrated to, current system conditions. The calibration process may be
time-intensive and iterative, but it is necessary for the legitimacy and accuracy of models and results.

A best practice is to ensure that the dispatch, dynamics, and prices/costs from the production cost
model match those seen in the current power system. For utility-scale modeling, this may include
ensuring capacity factors for each simulated unit and technology class are consistent with recent
dispatch outcomes, and that the production cost model reflects reasonably well overall system costs.
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For larger regional modeling, metrics for calibration may include matching total generation by resource
type and zone to capture both technology-level production and spatial distribution. In some cases,
matching by individual unit may be possible and necessary to appropriately reflect transmission flows. In
any case, planners will need to carefully analyze the import and export profiles in the production cost
model output, particularly if the dispatch in neighboring areas is also being simulated, rather than as
serving as an input to the model. Puget Sound Energy’s 2021 IRP provides an example of such simulation
(PSE 2021). Import and export profiles would ideally approximate the seasonal and daily patterns so that
the model adequately reflects the surpluses and deficits of power within the planning entity footprint.

In this calibration process, the utility would evaluate its model inputs, make adjustments, and iterate
until the model delivers results that more closely match reality. Planners might want to use some level of
discretion to avoid overfitting the models, since this may introduce distortions into the production cost
model or capacity expansion model that could affect results. For example, trying to closely match winter
dispatch conditions for certain resources may induce large distortions in assumed summer operation for
the same resources. In addition, actual utility decisions may be driven by factors that the model does not
consider, such as risk aversion, sunk costs, or political environment—and hence planners will want to
account for these when analyzing model fit against operational data.

Best Practice 36. Let optimization models optimize

Let optimization models optimize resource additions and retirements as a complement to modeling
specific retirement scenarios.

The concept of optimization—a process aimed at developing the “best” path that balances tradeoffs,
costs, and benefits—sits at the core of IRP modeling. Capacity expansion models are founded on the
principle that optimizing for least cost should drive resource builds and retirements. A best practice is to
limit unnecessary constraints on the model and allow the model to do what it was designed to do:
optimize. The results from optimization model runs provide important information on the best way to
balance system costs, needs, and constraints.

Planners can program many aspects of capacity expansion and production cost modeling into the model,
including:

1. System constraints. These include reserve margins, emission programs, transmission capacity
limits, regional import and export limits, reserve and ancillary service requirements, and any
other parameters that cover the entire utility system.

2. Load and demand. System load and system peak demand.

3. Resource input assumptions. These include resource costs, operational characteristics (ramp
rates, heat rates), capacity accreditation, shapes (for variable energy resources), outage rates
and schedules, and other resource inputs.

4. Commodity costs. Examples include fuel costs and carbon prices.

These parameters require programing into the model because capacity expansion and production cost
models are not designed to endogenously make decisions about most system constraints and resource
inputs. The modeler is responsible for selecting reference values for each input and varying them
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manually through different scenarios and sensitivities as necessary. Some of these inputs can and should
be determined by exercises outside of the core resource planning modeling—for example, the reserve
margin and resource capacity accreditation.

There are also key decisions where it is best not to hardcode and constrain across resource planning
exercises. These are decisions that a capacity expansion model makes endogenously by design, mainly:

1. Resource build decisions
2. Resource retirement decisions

There are legitimate reasons why a utility also may design certain scenarios with specific resource build
and retirement decisions programed in, instead of relying solely on an optimized scenario. Such
considerations include computational limits, regulatory deadlines, policy requirements, settlement
agreements, just energy transition, and many others. Additionally, the remaining life of a resource
radically changes plant investment, which can be challenging to accurately and dynamically capture in
the model.

Putting aside near-term decisions that are already locked in, a starting point and default best practice is
to optimize resource retirement decisions, rather than hardcode them based on utility preference or a
decision the utility already made. For example, this frees the model to reveal whether a different
retirement date, in the context of all other model parameters, assumptions, and resource alternatives,
yields a more desirable solution. The practice of overly constraining IRP modeling through hardcoding
retirement dates is very common in utility IRPs. This is driven in part by the outage and capital upgrade
cycles for existing fossil plants, such as coal plants. To accommodate these cycles, some utilities, such as
Duke Energy Carolinas, conduct separate retirement analyses to develop coal unit retirement dates that
they then hardcode into the capacity expansion models. While the external studies provided useful
information, the utility did not integrate these retirement analyses with modeling the rest of the
electricity system, preventing the model from finding a truly optimal solution.

Likewise, when it comes to new resource builds, capacity expansion models work best when free to
choose from among all currently available resource types (and even some emerging ones over the longer
term) and free to build what is needed to meet load (subject to system constraints and regulations) in
each year. That includes both supply- and demand-side resources, as well as transmission expansion
options. Capacity expansion models by design evaluate continued operations versus retirement and
replacement with alternatives, but the models can only do this if they are unconstrained in doing so.

Again, there may be value in testing portfolios that lock in retirement or resource build decisions or place
reasonable limits on those decisions. Still, best practice is to conduct unconstrained optimization runs for
retirement or resource build decisions and include an optimized modeling run with the utility's preferred
portfolio. Locking in resource addition and retirement decisions for scenarios and sensitivities may be
appropriate after robust modeling is performed to provide clear reasoning and support resource
decisions with evidence.

Other modeling constraints may be useful—when testing high and low ranges of uncertain values,
evaluating specific unit retirement dates, and seeking to limit the problem size and computing
requirements. Supply chain interruptions or interconnection queue constraints, for example, may
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warrant setting a maximum annual build cap on a given resource A model can only act on
type. In such cases, best practice is to be transparent about setting information given and can
the cap, limit the timeframe for applying it, and provide a well- only make the choices it is
reasoned explanation. Best practice is to also run scenarios without allowed to make. Using an
any caps to determine whether there is a better solution if optimization model is
deployment barriers can be overcome. Further, it is essential for the therefore only a first step,
utility to recognize that such a cap is a modeling construct, and that not a replacement for critical
the market and other on-the-ground realities represent the actual thinking.

limits to procurement.

While a utility's preferred portfolio may deviate from the optimized portfolio, it is essential for the utility
and regulator to understand the economically optimal results, especially in planning near-term
procurement activities. For example, if an optimized scenario shows it is most economic to add 3 GW of
solar PV in 2028 to replace a retiring resource, this finding can be used for developing RFPs and
communicating to the market that the utility is going to be looking to procure as much solar as it can
economically get by 2028, even if there are legitimate reasons for the preferred portfolio as modeled to
stagger that resource addition over multiple years.

Limits to optimization models are important to keep in mind in implementing best practices for model
optimization. Any model reflects a simplified version of reality. An optimization model, for example, will
show planners the lowest-cost resource plan based on selected inputs. It will not tell them which
alternative plan could be even lower cost if the planner used different modeling assumptions or inputs.
Best practice includes testing a wide enough range of reasonable scenarios that build off optimized
results to capture a comprehensive range of possible future conditions. A model can only act on
information given and can only make the choices it is allowed to make. Using an optimization model is
therefore only a first step, not a replacement for critical thinking.

Best Practice 37. Base power plant retirement decisions on forward-
looking costs

Base power plant retirement decisions on forward-looking costs, not sunk costs or cost recovery
concerns.

Almost all utility assets have undepreciated plant balances. This is particularly true of legacy fossil fuel
generators such as coal plants, which have both an existing plant balance from past investment and
ongoing and future capital expenditures to maintain operations and comply with environmental
regulations. Existing plant balances are sunk costs that are unavoidable with retirement.3* Sunk costs do
not provide relevant information for resource planning decisions. On the other hand, O&M and fuel
costs, as well as ongoing capital expenditures which become part of a plant’s undepreciated balance
once they are incurred, are avoidable with retirement (as discussed in Best Practice 16). In IRP modeling,
planners must differentiate between sunk costs and avoidable future costs to accurately assess resource

34 A variety of regulatory mechanisms, including accelerated depreciation, can help address sunk costs for plants the utility plans
to retire.
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retirement decisions. Avoidable future costs can only be considered by an IRP model in selecting a
retirement date if they are included in the model.

There are three pieces to retirement analysis: whether a plant should be retired, when it should be
retired—including the optimal retirement date, and how any remaining balance should be treated in
rates after retirement. The IRP process, through capacity expansion modeling, addresses the first piece
and part of the second piece.

The determination of whether to retire a unit is based on a unit’s expected forward-going economic
performance and all expected forward-going costs, including sustaining capital expenditures,
environmental capital expenditures, and fixed O&M. Best practice is for a utility to ramp down
investment in a plant in the years leading up to retirement and include those assumptions in capacity
expansion modeling. Ideally, when a unit is expected to become uneconomic on a forward-going basis,
planners prioritize it for retirement to avoid incurring additional costs and operational losses that would
be passed on to utility customers. Again, sunk costs are not considered in the IRP process.

Capacity expansion modeling can identify a unit’s economically optimal retirement date. But the decision
of when to retire a unit also needs to consider the timeline for procuring replacement resources, as well
as how the utility will handle sunk costs. These decisions typically occur outside IRP processes.
Specifically, procurement, cost recovery, and cost allocation decisions are typically addressed in other
proceedings. Aligning resource planning modeling with resource planning decisions made outside of the
IRP process is important and is discussed in Section VIl in this report.

Best Practice 38. Use modeling parameters that capture the value of
battery energy storage

Use modeling chronology and parameters that capture the full value that BESS can provide to the grid
and accurately capture charging and discharging cycles.

Appropriate capacity expansion modeling capabilities and methodologies are critical for simulating high-
renewable electric grids, particularly those that include battery storage of varying durations. The model
chronology used in the long-term capacity expansion component is particularly important. Capacity
optimization models have long relied on a simulation chronology that optimizes resource builds based on
a subset of representative days. That might be some number of days distributed across the entire year,
one on-/off-peak day per month, or a typical week per month. Such sampling methods fail to capture the
variability in variable renewable energy generation, and storage charging and discharging, across longer
time scales. Thus, these methods fail to accurately value the flexibility that long-duration storage
resources can provide. To capture the ability of these resources to shift energy across days, weeks, and
seasons, it is essential to optimize resource builds using a modeled chronology of 8,760 hours.

Sampled modeling chronologies often fail to capture multi-day lulls in renewable energy generation as
they occur both within and across years. They therefore do not consider the implications of such events
on resource builds, grid reliability, and energy prices. The magnitude of these lulls will only increase as
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electric supply shifts toward even greater penetrations of renewable resources. It is critical that utility
resource planning include scenarios that capture these lulls as well as other periods of grid stress.

Similarly, best practice in modeling long-duration storage resources requires modeling storage build and
dispatch over multiple weather-years and including weather-years with extreme conditions that lead to
periods of grid stress. Industry-standard modeling often builds an optimized resource mix designed to
meet the annual peak load, with an established reserve margin, under typical weather conditions.
However, weather varies from year to year, and that variance can have substantial impacts on energy
system requirements. A resource portfolio built around average weather conditions might not meet
system resource adequacy standards in a weather-year that includes one or more grid stress periods.
Modeling a single weather-year also tends to underestimate the flexibility benefits of long-duration
storage resources. Best practice modeling optimizes resource builds over multiple weather-years to
produce a resource portfolio that is more robust against weather variability, though we are unaware of
any utility that has incorporated this practice into its capacity expansion modeling.

Storage resources are characterized by power discharge capacity as well as energy storage capacity. Most
IRP models simplify the representation of storage by prescribing its duration, either with a single value
(e.g., 4-hour storage) or modeling storage resources in cohorts of discrete, fixed durations. For example,
Portland General Electric's 2023 Clean Energy Plan/IRP modeled six lithium-ion battery durations,
ranging from 2 to 24 hours, as well as a 10-hour pumped-storage hydro resource (PGE 2023). This
approach simplifies the optimization process and might be the best that utilities can do with
commercially available capacity expansion models. But it can miss identifying system needs that could be
met with specific durations of storage located at specific points in the system. Best practice would treat
power discharge capacity and energy storage capacity as two independent variables, such that the
optimal solution ultimately defines the designs for the storage resources needed.

Further, IRP best practice would simulate fully dispatching storage resources with explicit representation
of charging and discharging cycles. The 2023 PacifiCorp Clean Energy Plan/IRP describes endogenously
modeling dispatched storage resources according to their roundtrip efficiency and other operational
constraints (PacifiCorp 2023). The 2023 Tucson Electric Power IRP includes an example of the hourly
battery dispatch in its production cost model (TEP 2023a). Accurate modeling of real-world operational
conditions for these units requires comparison of sample charge-discharge cycles to empirical profiles. A
related practice involves appropriate modeling of different types of long-duration storage—multi-day,
multi-week, and seasonal storage units. For more details on best practices for modeling long-duration
storage in IRP, see Best Practice 17.

Best Practice 39. Use stochastic approaches for robust portfolio
creation

Use stochastic modeling approaches to produce portfolios that are robust to changes in inputs.

A key challenge in IRP is assessing the risk that stems from the array of uncertain inputs to the exercise.
Load location and growth, weather, fuel prices, variable renewable energy production, asset outages,
capital cost reductions, policies, and regulations are all uncertain. Two key risks that arise from these
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uncertainties and need assessment are (1) whether the preferred portfolio remains a least-cost option
within reasonable variation of inputs, and (2) whether the resulting system is resource-adequate when
exposed to varying load, weather, and resource availability. As reported in Section Il in this report,
properly developed resource adequacy assessments use stochastic modeling to represent the likelihood
of shortfalls in the bulk power system and address the second point. This best practice expands on the
first point.

Conventional capacity expansion modeling in IRP is a deterministic analysis. Planners input deterministic
forecasts for uncertain variables exogenously, and the model optimizes based on these pre-set values. As
discussed in Section IV of this report, running scenarios and sensitivities is the traditional approach to
managing uncertainty in least-cost or economic decision-making. These mechanisms are easy to
understand, but their interpretation is qualitative, and there is no reassurance that the portfolio
decisions stemming from these qualitative assessments are optimal (see Best Practice 41).

Capacity expansion models have the capability to run with stochastic inputs, providing tools to test the
impacts of uncertainty, although uptake from planners has been slow. Examples of utilities that use
stochastic inputs include AES Indiana’s 2019 IRP. The utility employed a stochastic capacity expansion
model that reflected fuel price volatility and correlation to produce multiple portfolios (AES Indiana
2019). A more common alternative is to use a stochastic approach to test the distribution of costs of
preferred portfolios by running a production cost model of the portfolio with stochastic inputs. In
contrast to running the capacity expansion model with stochastic inputs, this approach uses stochastic
variable costs to recalculate production costs for deterministically defined portfolios. In CenterPoint
Indiana’s 2023 IRP, for example, the utility performed a stochastic risk assessment to compare portfolios.
The stochastic inputs used in these risk assessments included natural gas prices, coal prices, carbon
prices, peak loads, and capital costs for renewable energy resources (CenterPoint Energy 2023). TVA,
PacifiCorp, AES Indiana, Puget Sound Energy, Idaho Power, and DTE also have recently used this
approach. Entities such as PacifiCorp, the NWPCC, and TVA with a substantial amount of hydropower
resources in their analyses have traditionally used stochastic representation of hydrological variability in
production cost modeling, as well as developing related sensitivities in capacity expansion modeling
(PacifiCorp 2023; Northwest Council 2022; TVA 2019).

These best practices produce multiple portfolios based on stochastic inputs or assess the short-run
economic performance of portfolios when input variables are stochastic.

Looking Ahead: Use optimization algorithms in stochastic economic modeling

An aspirational practice in stochastic economic modeling would employ advanced robust
optimization or chance-constrained optimization algorithms to ensure the distribution of outcomes
falls within prescribed ranges given probabilistically defined inputs. These advanced algorithms
produce a single preferred portfolio that is designed to be robust to changes in inputs. Inevitably, any
best or aspirational practice to perform stochastic analysis in IRPs will substantially increase
computational needs, runtime, and complexity.
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Stochastic approaches to capacity expansion and production cost modeling do not entirely replace
scenario-based analysis and sensitivities. Stochastic approaches are useful when the input variables can
be modeled through rigorous probability distributions. However, several inputs to IRPs cannot be
modeled like this, such as the likelihood of adoption of certain policies or predetermined retirement of
certain assets, among others. Load growth, weather-driven parameters, fuel prices, capital costs, and
similar quantitative variables are suitable for stochastic representation. Behavioral aspects that drive
load and flexibility profiles are an emergent area of research for stochastic representation.

Best Practice 40. Use the models iteratively

Use capacity expansion and production cost models iteratively to help refine results.

Capacity expansion and production costs models are best used iteratively in resource planning. Planners
make necessary simplifications during the capacity expansion stage to decrease the problem size. Results
from production cost modeling may reveal, for instance, that the capacity expansion model did not
develop enough resources to provide ancillary services, omitted impacts of more detailed transmission
systems, left unserved energy, or did not reflect well the contributions of variable resources such as
wind, solar, and demand-side resources. For example, PacifiCorp found that portfolios developed in its
initial capacity expansion model led to consistent capacity shortfalls when tested in a more granular
dispatch model that explicitly accounted for operating reserve requirements (PacifiCorp 2023). Similarly,
Public Service Company of Colorado found that the initial portfolio developed by the capacity expansion
model was unable to satisfy reliability criteria (PSCo 2021).%° In this case, using a supplemental resource
adequacy modeling run identifies reliability shortfalls which can inform modifications for another set of
capacity expansion runs.

An iterative approach to modeling is a best practice. Production cost runs help refine capacity expansion
runs, and supplemental resource adequacy modeling sheds light on any reliability concerns. This
produces more robust results and may allow the capacity expansion model to select and retire resources
that minimize both long-term investment costs as well as short-term operational costs.

35 Capacity expansion models are generally constrained by reserve margins. This approach generally ensures there is sufficient
capacity to meet firm peak demand, but it does not answer questions about how a system will perform under extreme weather
conditions, for example. Generally, separate stochastic reliability modeling is needed to answer such questions.
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VI. Evaluating results and communicating
transparently to regulators and stakeholders
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The following section discusses best practices for presenting results to regulators and stakeholders, as
well as selecting a preferred portfolio.

Best Practice 41. Use appropriate metrics to evaluate IRP results

Use appropriate metrics that have been intentionally designed to avoid skewing results towards a
predetermined outcome.

After a utility has finalized its modeling results, the next step typically involves summarizing portfolio
results in a matrix that presents utility performance across key metrics to facilitate comparison and
communicate key differences across scenarios, often referred to as a scorecard. Scorecards can
synthesize a large amount of information into a digestible format. In designing a scorecard, a best
practice is for utilities to solicit feedback from stakeholders and regulators about the metrics included
and whether the information is clear and unbiased.

Ideally, the process of selecting scorecard metrics would be an iterative process with stakeholder
involvement. Utilities, regulators, and stakeholders can define core metrics at the outset of the IRP
process that are aligned with region-specific needs and goals, such as pollutant emissions, rate impacts,
customer satisfaction, economic development, and many others. Other important metrics can be added
as the modeling progresses.

While there is no one-size-fits-all scorecard, there are common pitfalls to avoid. If a utility plans to use a
weighting system to rank the relative importance of metrics, a pitfall to avoid is adjusting weights of
metrics to reach a predetermined outcome. Instead, the utility can clearly communicate and justify the
methodologies it uses for weighting, stakeholders can provide input, and regulators can review how
weighting affects the selection of the utility's preferred portfolio.

In general, it is important to avoid using qualitative analyses that can be easily adjusted to preferentially
highlight certain scenarios and thereby skew portfolio results. A good scorecard includes only those
metrics that measure an explicit goal of the state, utility, or stakeholders, and excludes metrics that are
already accurately reflected in PVRR results. All portfolios considered “should be safe and reliable, and to
the extent that more or less system flexibility implies a cost, that cost should already (and accurately) be
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reflected in PVRR” (Synapse 2015). In addition, best practice is to avoid using extreme scenarios to skew
portfolio rankings and the selection of the utility's preferred portfolio (for more information on preferred
portfolio selection, see Best Practice 44 and Best Practice 45).

Following are examples of common metrics commonly included in a scorecard:

® Cost. Net PVRR over the short-term (5—10 year) and full study period (20 years or more), in
absolute terms

® Environmental sustainability. Carbon emissions (total tons) and carbon intensity (tons per
kWh), percent of generation from carbon-emitting resources vs. low carbon resources

® Reliability. If differentiated by portfolio, metrics could include LOLE and expected energy not
served, among others that are relevant to the system being modeled

® Cost exposure. Exposure to fuel price volatility as measured by percent of generation provided
by gas, coal, and oil plants

® Market exposure. Percent of load met through market purchases

The following examples highlight a scorecard that does not follow Best Practice 41, as well as a scorecard
that does.

The Puerto Rico Electric Power Authority’s (PREPA) 2018—2019 IRP scorecard does not follow best
practice for clear presentation of results. The effort to create a qualitative, colorful scorecard resulted in
a highly subjective, potentially biased, and confusing figure. The IRP explains that the scorecard (Figure
6) complements quantitative analysis of the PVRR of each scenario (Siemens Industry 2019). Elements
that create room for misunderstanding include the following:

® Scenario names are not defined in the table or the text describing the figure, and the coded
names provide insufficient summary information for each scenario.

® Metrics for each scenario are not clearly defined in the figure or descriptive text.

® Color-coding is not based on a defined or quantitative scale and obscures valuable information
about the spread between and across variables.

® \Weightings are not clearly defined, especially in relation to the “Overall” category and how it
was calculated for each scenario.
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Figure 6. Scorecard for PREPA's 2018—-2019 IRP
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Source: Recreated from Siemens Industry. Puerto Rico Integrated Resource Plan 2018—2019, Exhibit 8-7.

Prepared for Puerto Rico Electric Power Authority.

The clearly presented scorecard in AES Indiana’s 2022 IRP (see Figure 7) provides a good example of Best

Practice 41.
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Figure 7. AES Indiana 2022 IRP scorecard results
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Strategies

1. No Early Retirement

2. Pete Conversion to Natural Gas (est. 2025)
3. One Pete Unit Retires in 2026

4. Both Pete Units Retire in 2026 and 2028

5. Clean Energy Strategy — Both Pete Units Retire and replaced with Renewables in 2026 and 2028
6. Encompass Optimization without Predefined Strategy

Source: Recreated from AES Indiana 2022 Scorecard Results, Figure 9-78.

AES Indiana based its evaluation categories (affordability; environmental sustainability; reliability,
stability, and resiliency; risk and opportunity; and economic impact) on a set of pillars for electric utility
service defined by a task force created by the Indiana General Assembly. This kind of intentional
alignment with policy areas of interest helps ensure that the IRP is most informative for regulators (AES
Indiana 2022). The scorecard clearly explains each category in detail in the text of the IRP and breaks it
down into a set of quantitative metrics (e.g., PVRR, total portfolio carbon dioxide emissions). While the
chart uses colors to indicate high and low values for each metric, it also includes quantitative values. In
addition, the IRP immediately defines coded scenarios below the figure for stakeholder reference. The
IRP also did not roll all metrics into a single score for each scenario, so there is no question of how
weighting may slant results. While this eliminates one area of concern, it also puts the onus on AES
Indiana to clearly explain why Strategy 2 was selected as the preferred portfolio rather than Strategy 5,
which appears to result in similar outcomes overall.

Best Practice 42. Report results clearly

Ensure that modeling results are reported in a way that is transparent and easy to understand.

Effective IRPs report results in a way that is transparent and easy to digest, with sufficient information for
effective stakeholder engagement, review of modeling methodology and findings, and regulatory
oversight. At the same time, providing too much unprocessed data without proper synthesis can
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challenge all but the most sophisticated stakeholders to understand and provide input. This applies to
scorecard matrices, as well as informational results that are not necessarily being used to evaluate or
rank scenarios. Some stakeholders may have technical expertise to review raw data, and some may even
want access to raw modeling data. Nevertheless, it is critical for the utility to summarize and synthesize
results so that all stakeholders and regulators can understand the inputs, modeling process, and final
results. A good example of a utility clearly reporting results and providing key information is Tucson
Electric Power’s 2023 IRP Dashboard (TEP 2023b).

Best practice IRPs provide a narrative for each scenario, alongside the following public information on
results, at a minimum:

Summary load and resources table for each portfolio, by year, for the full study period. The table
summarizes all existing capacity by resource type, all new resource additions by resource type,
the utility's demand forecast, and total capacity requirement including reserve margin—both
firm (accredited) capacity and nameplate capacity. The table also includes the utility's firm
capacity assumptions, including ELCC, for all resources.

Summary table of generation (GWh) and capacity factors (percent) for each portfolio. The table
summarizes generation by resource type and year, broken down by existing and new resources.

Capacity graphs. These figures display firm capacity, nameplate capacity, and generation by
resource type and by year.

Table of air emissions. The table includes greenhouse gases and criteria pollutants by year for
each portfolio.

Table of plant retirements. The table shows retirement dates modeled for existing resources and
indicates whether the date was programmed in or selected endogenously by the model through
optimization.

Table of new resources. The table clearly shows the quantity of new resources coming online
each year, by resource type, showing both firm (accredited) capacity and nameplate capacity.

Cost. Net PVRR over the short-term (510 year) and full study period (20 years or more), in
absolute terms. While providing PVRR delta results from the preferred portfolio may also be
useful, providing the final PVRR by scenario helps stakeholders contextualize the magnitude of
the deltas.

Utilities can avoid providing stakeholders with an overwhelming number of metrics or scenarios while at
the same time not obscuring important data with simplistic graphics.
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Best Practice 43. Benchmark inputs and results to other utilities

While developing input assumptions and analyzing results, utilities can look to see how inputs and results
of neighboring or similar utilities compare to each other. If there are major differences, these need to be
justified or explained to stakeholders.

Over the next few years, dozens of utilities across the United States will produce and file IRP reports and
annual updates. IRP practice could benefit immensely if utilities compared quantitative outcomes in their
reports to provide data for benchmarks that stakeholders can use to assess appropriateness of IRP
assumptions and results. Strong benchmarks require a large enough sample of utilities to serve as
analogs that report customer number, peak demand, sales, and climate zone, among others, to produce
normalized benchmark outputs. Examples of these quantitative outcomes include the expected percent
of load growth for base and alternative scenarios, rates of adoption of renewable resources, speed of
retirement of coal plants, and assumptions about resource costs and fuel prices. As part of its 2025 IRP
process, Tennessee Valley Authority hired Deloitte to review the utility’s 2019 IRP and conduct
benchmarking of peer IRPs, including identifying key themes and trends to be considered in its current
IRP (TVA 2024).

Looking Ahead: Publish standardized planning metrics for easy comparison

In addition to benchmarking against key planning assumptions in a public repository such as the
Resource Planning Portal, the jurisdiction's utilities, regulatory commission, and stakeholders can
agree on sets of standardized metrics that enable efficient comparison of IRP inputs and outputs.
There is no current best practice in this area; these guidelines are aspirational.

For example, calculating, recording, and comparing average annual load growth might facilitate
assessment of the reasonableness of load forecasts across utilities under normal conditions. A metric
such as MW-kilometer of transmission capacity per MW of solar power may be a way to assess and
compare the costs of renewable energy integration and support a discussion on assumptions that
may be biasing estimated costs upwards or downwards. Regulators could define a set of standardized
metrics that could be used to benchmark IRPs and support rigorous quantitative analysis of
assumptions, parameters, and outputs. Under this potential best practice, utilities with assumptions
that reasonably deviate from the norm would need to justify the differences.

Wilkerson et al. (2014)recognized the benefits of benchmarking for IRP a decade ago when they analyzed
and compared plans filed by 38 load-serving entities. However, the same paper identified multiple
shortcomings and inconsistencies in the collection and reporting of planning assumptions. Lawrence
Berkeley National Laboratory started to address this issue by designing and developing the Resource
Planning Portal, an online publicly available tool to collect key quantitative planning assumptions from
IRPs (LBNL Planning Portal n.d.-a). The portal collects and shares key inputs and outputs for each IRP’s
preferred portfolio. Lab researchers seek to standardize the way IRP inputs and outputs are defined and
recorded. Parameters recorded include annual consumption and peak load forecasts, annual energy
efficiency and demand response resources, fleets of existing and planned generation and storage units,
fuel prices, capital costs, and carbon costs.
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Best Practice 44. Select a preferred portfolio

Select a preferred portfolio to guide near-term actions and justify any substantial deviations from the
optimized portfolio.

Best practice IRPs identify a preferred portfolio, a collection of resource builds and retirements the utility
selects based on one of the portfolios tested in the IRP process. The preferred portfolio reflects the
utility's short- and long-term resource plan and serves as the basis of near-term procurement plans. A
robust preferred portfolio is developed in the capacity expansion model and vetted comprehensively as
part of the IRP process. Under this best practice, utilities avoid developing preferred portfolios outside
the model or selecting a preferred portfolio that is a hybrid of multiple candidate portfolios at the end of
the process—and not subject to the same level of sensitivity and risk analysis as other modeled
portfolios. When the utility selects a preferred portfolio, it also is good practice to evaluate and explain
any significant differences between optimized portfolios and the preferred portfolio. This is because the
optimized portfolio is, by design, the least-cost portfolio for a scenario.

Traditionally, utilities select or design a preferred portfolio based on cost, as quantified by a portfolio’s
net PVRR. While net PVRR is a key pillar of scenario evaluation, and minimizing cost is important for
utility customers, it is not the only differentiator between scenarios. Nor is it an automatic determinant
of which examined portfolio the utility ought to select as the preferred portfolio. The portfolio may only
appear least-cost in the context of the others the utility examined. If the modeling examined a narrow
set of options, or used key inputs that were hardcoded, out of date, or poorly designed, the portfolio
may not be the least-cost option available. Additionally, a portfolio may misleadingly appear least-cost
because modeling did not fully capture and internalize associated risks and uncertainties (see Best
Practice 29 and Best Practice 39).

Because the IRP process is tied to near-term procurement efforts, a preferred portfolio is essential to
provide a clear short-term plan. If the utility does not select a preferred portfolio, it is likely not
committing to a near-term procurement plan. Without a preferred portfolio, it is hard for stakeholders
and regulators to focus their feedback and oversight. Considering the near-term action plan for resource
procurement is an important part of the IRP review process. As discussed in Section VIl of this report, IRP
results can be important in other dockets, including in rate cases for determining cost recovery, in CPCN
dockets for evaluating the reasonableness of new resource build proposals, in renewable portfolio
standard compliance dockets for determining if resource plans meet state renewable energy
requirements, and in fuel dockets for evaluating the reasonableness of utility fuel procurement and
operational decisions.

The utility's selection of a preferred portfolio does not necessarily tie the utility to that portfolio, even in
the short term, depending on how much and how quickly conditions change. But the preferred portfolio
creates an important baseline for utility planning. The regulator may require the utility to justify changes
to its resource plan, or why the plan has not changed if conditions shift markedly. Some states, such as
Virginia (Virginia General Assembly, n.d.) and Oregon (Oregon 2021) require utilities to file IRP updates
annually or when plans change significantly.
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Best Practice 45. Model state goals and priorities in the preferred
portfolio

Align the preferred portfolio with articulated state goals and priorities.

It is common for regulators to require specific IRP elements. A typical example is requiring the utility to
select a “preferred portfolio,” as discussed above. While the requirement to select a preferred portfolio
does not prescribe resources that must be included, in many states, regulators require utilities to model
specific scenarios and sensitivities to inform the preferred portfolio and make the results publicly
available in a useful manner. Running mandated scenarios is not enough. The utility's modeling choices
and presentation of results are critical for illuminating which factors affect planning costs and decisions.

For example, the Arizona Corporation Commission required

Arizona Public Service to run more than 10 specified scenarios Running mandated scenarios is
for its 2023 IRP, including a minimal load growth scenario, rapid not enough. The utility's

DSM adoption, and a variety of sensitivities that examined early modeling choices and
retirement of the Four Corners coal power plant. While the presentation of results are
utility followed through on this direction, some parties critical for illuminating which
ultimately had concerns with how the utility designed and factors affect planning costs
presented some of the scenarios—particularly the early coal and decisions.

plant retirement scenarios (Sierra Club 2024).

Arizona Public Service developed the required early retirement sensitivities by altering the retirement
date of Four Corners in a reference case and then allowing the model to re-optimize. This method
showed that early retirement in 2028, for example, would cost $139 million less than the reference case,
which retired the plant in 2031. Separately, the utility designed a preferred portfolio, which maintains
the 2031 retirement date but differs from the reference portfolio in other ways. Arizona Public Service
concluded that this portfolio would be $357 million cheaper than the reference portfolio. The utility
presented this information as evidence that the preferred portfolio would cost less than the portfolio
representing the early retirement date.

Although Arizona Public Service followed the commission's direction in modeling additional scenarios,
the scenarios differed in critical ways from the preferred portfolio. It is also unclear why the utility did
not test earlier retirement dates for Four Corners using its preferred portfolio, not just the reference
portfolio. Comparing an early retirement sensitivity in the reference portfolio to a 2031 retirement in the
preferred portfolio is not an apples-to-apples comparison. In addition, since early retirement in the
reference portfolio yielded lower costs, an early retirement sensitivity for the preferred portfolio also
would have resulted in lower costs. Such analysis would have provided a full picture of potential cost
savings across portfolios (Sierra Club 2024). In situations like these, regulators can scrutinize the
scenarios modeled by the utility and request that the utility run additional scenarios that align with the
commission’s original goals.
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VIil. Integrating the IRP process with other utility
proceedings
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IRP scenario analysis requires careful design of modeling assumptions and possible pathways. It
produces a wealth of useful data that has implications for the power system as a whole. Modeling
assumptions that are intentionally prepared to easily port them into other modeling exercises have
important consistency and transparency benefits. The following best practices apply to using IRP
scenario results to inform other regulatory proceedings.

Best Practice 46. Use IRP results to inform an Action Plan and utility
procurement processes

Integrate resource planning and related procurement processes.

A primary purpose of IRP scenario results is to inform utility procurement processes. In practice, this
translates to utilities using IRPs to support an RFP, CPCN, or other procurement process. The first step in
this direction is for the IRP to include a well-designed Action Plan.

The Action Plan is a section in the IRP document that describes near-term actions the utility will take
over the next 1 to 3 years related to implementing outcomes in the preferred portfolio. An effective
Action Plan is supported by the results, analysis, and conclusions of the IRP. It clearly states the action
the utility plans to undertake to procure resources, including issuing RFPs, securing any required CPCN,
initiating siting and licensing process, and deploying or expanding energy efficiency and demand
response programs (LBNL 2021d). The Action Plan outlines how the utility plans to comply with specific
regulatory requirements (e.g., a renewable portfolio standard target for an upcoming year) and proposes
any regulatory changes that may be needed to support the development and execution of the preferred
portfolio. In cases where the IRP recommends a wait-and-see strategy for risk management, the Action
Plan can include near-term milestones to pursue the strategy (e.g., in an IRP update report, describe
progress on a certain component of the IRP that was deemed uncertain). Finally, the Action Plan can
outline near-term actions the utility identified to improve its analytical capabilities, such as developing
certain datasets, working with vendors to implement new tools, or collaborating with stakeholders to
refine input assumptions. PacifiCorp’s 2023 IRP provides an example of a clear Action Plan, using a table
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format to identify and organize near-term actions for specific units, projects, and regulatory
requirements (PacifiCorp 2023).

A best practice for procurement is to use the same inputs and assumptions reviewed by regulators in the
IRP process, unless there are significant changes in market conditions. In cases where the investment
environment has changed from what the utility assumed in the most recently filed IRP, the utility can
leverage scenario results to support departures from the preferred portfolio—given that scenarios are
least-cost expansions of the bulk power system under different assumptions. If no existing scenarios
match current investment conditions, the utility can conduct new scenario runs to support procurement
decisions and ensure these procurement-specific scenarios inform the next IRP filing.

Best Practice 47. Use IRP results to inform other types of planning

Use IRP results to inform evolution of planning for bulk power systems and distribution systems.

IRP scenario results offer a range of potential pathways for evolution of the bulk power system. Several
other planning processes would benefit from information on these pathways:

® Planning for distributed energy resource programs and virtual power plants. Wholesale
electricity prices and new build capacity costs—especially when developed with thoughtful
spatial resolution (V.Best Practice 32)—can be used for avoided cost calculations that serve as
the basis for incentives for distributed energy resource programs. These same data can also
inform assessments and planning for virtual power plants.

® Renewable Portfolio Standards planning. Comparison of system costs across pathways that offer
different penetration levels of renewable resources, with different emissions profiles, can inform
renewable energy certificate price forecasts and emission abatement cost estimates.

® Transmission planning. Transmission expansion decisions made by the capacity expansion model
can inform more detailed regional transmission expansion studies.

® Distribution system planning. IRP assumptions and results on the relative balance between
utility-scale and distributed energy resources can inform distribution system analysis—in
particular, distributed energy resource adoption and operation scenarios. IRP scenario
assumptions and model results that capture interactions between distributed and bulk power
system resources are critical inputs into distribution system planning analysis. Conversely, high
levels of distributed energy resources at the distribution level impact the need for bulk power
system resources, as well as bulk power system operation. A growing number of states require
integrated distribution system planning (LBNL n.d.-b), a decision framework that addresses
interactions across planning domains and enables formulation of long-term grid investment
strategies to address policy objectives and priorities, consumers' needs, and evolution at
the grid edge (U.S. DOE n.d.).
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Best Practice 48. Evaluate bill impacts

Evaluate bill impacts by customer class as part of the IRP process.

IRP modeling evaluates how resource decisions impact total system costs, not how decisions impact cost
recovery and cost allocation. If a resource planning decision is likely to have a significant impact on
system costs and customer bills, ignoring rate impacts during an IRP may lead to unexpected impacts on
utility customers. Examples of such decisions are large buildouts of supply-side resources to meet data
center load growth and retirement decisions for aging power plants.

First, data center load is expected to grow dramatically in many parts of the country. The attractiveness
of these locations to prospective data centers is based in large part on current low power costs. But to
meet projected data center load, utilities are proposing to build a substantial quantity of new resources
and continue to operate aging resources. The new power system will not look or cost the same as the
current system, and therefore electricity rates are not likely to be the same. Regulators need information
on what portion of bulk power system costs the data centers are likely to pay, and what portion
residential and other customer classes will pay to make well-informed decisions regarding approval of
new supply-side resources. This is particularly important in the case where the utility considers data
center load as a potential market to justify new generating resources, even though the load would be
located outside the utility service territory, where the utility has no obligation to serve (GPC 2023
Response to STF-JFK Data Request 4-4).

Second, for aging fossil fuel plants, utilities can analyze different ratemaking options to determine retail
rate impacts and impacts on retirement timelines. Once a utility has identified in an IRP proceeding an
economic early retirement date, it can explore all ratemaking options under which to economically retire
that unit. Such analyses can be included as part of the IRP process, or the analysis may be done partially
or entirely outside of an IRP proceeding—for example, in a rate case.

Typically, utilities depreciate assets according to a depreciation schedule aligned with the useful life of
the resource. Ideally, by the time the asset retires, its value has been fully depreciated and it is removed
from rate base. But when an asset becomes uneconomic before its scheduled retirement date, the utility
and the regulator have options for addressing the remaining plant balance. Generally, maintaining the
existing depreciation schedule while retiring a plant early is not an option, given the misalignment it
would perpetuate between when costs are incurred and when they are recovered through rates. Stated
another way, it is not good rate design practice to spread cost recovery out over a period of time when
the asset is no longer providing value to utility customers.3®

Regulatory options include the following:

1. Status quo depreciation and retirement. The utility can continue to operate the unit for its
planned lifetime, regardless of economics, to allow the utility to continue to collect a full rate of
return on the asset. The utility will continue to spend capital to maintain the asset, which will be

36 In some states, such practice is unlawful. For example, Oregon ORS 757.355 states, "...a public utility may not, directly or
indirectly, by any device, charge, demand, collect or receive from any customer rates that include the costs of construction,
building, installation or real or personal property not presently used for providing utility service to the customer." (Oregon n.d.).
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added to rate base, and will continue to pass costs onto utility customers for the originally
planned lifetime.

2. Accelerated depreciation and retirement. A utility can request to adopt an accelerated
depreciation schedule to more closely align the depreciation schedule for the resource with a
retirement date that is earlier than the planned lifetime. This can cause rate shock if the change
in schedule is too drastic (e.g., going from 15 years remaining lifetime to 5 years). To mitigate the
shock, the utility can adjust the pace of accelerated retirement.

3. Disallowance. The regulator can disallow recovery of some or all undepreciated costs of the
asset before the retirement date, with shareholders picking up the cost. However, this is more
common for specific capital investments that are deemed imprudent, rather than for remaining
balances for plants determined to be prudent at the time of the original investment.

4. Regulatory asset. The utility can turn the remaining plant balance into a regulatory asset with a
depreciation date somewhere between the original date and the current retirement date. The
negotiated rate of return would be lower than what the utility was collecting originally.

5. Securitization or other alternative finance mechanism. The utility can use securitization (where
allowed by law) or another alternative financing mechanism, such as a loan from the Energy
Infrastructure Reinvestment program under the IRA, to retire the plant early. The rate of return
the utility receives on the asset would be lower than it was receiving before, but cost recovery of
the remaining balance is more secure. For example, after its 2019/2020 IRP, CenterPoint Energy
Indiana South pursued securitization of its A.B. Brown coal units as part of its generation
transition plan (CenterPoint Energy 2023).

Best Practice 49. Consider energy justice comprehensively

Factor energy justice into all parts of an IRP process and engage impacted communities.

Energy justice considerations are best factored in throughout the IRP process, from the time planners
choose a model, develop input assumptions, and run scenarios, to when they present results to
stakeholders and regulators. While energy justice is not a new concept, it is an emerging field of
inquiry—in part because much of the data needed to fully estimate the comparative impacts of
portfolios on impacted communities are not readily available. An emerging best practice for utilities is to
begin to collect data on impacts of concern (e.g., high energy burdens, health impacts from emissions,
poor system reliability) for priority populations (e.g., disadvantaged communities, minorities, customers
with low incomes, customers who are medically dependent on electric service) during IRP processes. As
the utility collects more data, it can be used to inform more detailed integration of energy justice
considerations in future IRP cycles. Some jurisdictions are beginning to require this level of detail. For
example, Washington state law requires electric utilities to file a clean energy implementation plan every
4 years. By law, the plan must identify highly impacted communities and vulnerable populations, as well
as quantify customer benefits and reduction of burdens (Washington State Legislature 2022).

A comprehensive discussion of how energy justice factors into various best practices discussed in this
report is outside our scope. Resources on this topic include a recently published report by Lawrence
Berkeley National Laboratory and Synapse on distributional equity impacts of utility programs for energy
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efficiency and other distributed energy resources, which could be useful for informing equitable
decision-making in the context of resource planning (LBNL and Synapse 2024).

RMI highlights several best practices for addressing energy justice in IRPs, such as the following (RMI

2023):

Plan for community transition associated with asset retirements, including job losses, increased
unemployment, loss of tax revenue, and reduced property values.

Estimate comparative rate impacts of portfolios.

Define and map disadvantaged communities to assess impacts, using tools such as Climate and
Economic Justice Screening tool (CEJST), developed by the U.S. Council on Environmental
Quality (U.S. CEQ CEJST n.d.), and Environmental Justice Screen (EJScreen) developed by the EPA
(U.S. EPA EJScreen 2014)

Factor community acceptance into resource availability and feasibility of plans.

Additionally, resource planners can also consider the following actions:

Provide translation services and IRP modeling results in multiple languages suited to a utility’s
customers (refer to Best Practice 1 on creating an inclusive stakeholder process).

Factor in resilience and disproportionate impacts during extreme events (Synapse 2021).

Explicitly define how programs for energy efficiency and other distributed energy resources
deployment support energy justice objectives.

Define energy justice metrics and quantify how well each portfolio scores with respect to these
metrics (see Step 4, Develop DEA metrics, in the Distributional Equity Analysis Practical Guide
for information on how to do this) (LBNL and Synapse 2024).

Publish and map pollutant values for existing assets and potential portfolios.

Develop environmental and health cost scenarios and analyze portfolio impacts.

Hawaiian Electric Company is among utilities that have started to incorporate energy justice practices
into resource planning processes. The utility mapped locations for microgrid hosting based on criticality
(emergency or critical loads, facilities or infrastructure), vulnerability (areas that are prone to natural
hazards, are inaccessible, or have experienced high outage rates), and societal impact (locations with
social implications). For the societal impact criterion, Hawaiian Electric mapped disadvantaged
communities using EJScreen (Hawaiian Electric 2022).

Figure 8 provides additional resources (clickable) with information on advancing energy justice in an IRP

process.
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Figure 8. Additional resources on advancing energy justice in an IRP process—Click to view

Initiative for Energy Justice:
Justice in 100 Metrics (Lanckton
and DeVar 2021)

The Spectrum of Community
Engagement to Ownership
(Facilitating Power 2020)

The Energy Equity Playbook.
ILLUME (Ilume Advising 2021)

Advancing Equity in Utility Designing Equity-Focused
Regulation, Future Electric Stakeholder Engagement to
Utility Regulation Report. Inform State Energy Office
Lawrence Berkeley National Programs and Policies. National
Laboratory (LBNL 2021 Association of State Energy
Advancing Equity) Officials (NASEO 2020)

State Energy Justice Roundtable
Series: Participation in Decision
Making. National Association of
Regulatory Utility
Commissioners (NARUC 2023)

Community Energy Planning:
Best Practices and Lessons Power Play: Actions for New
Learned in NREL’s Work with England’s Equitable Energy
Communities (National Transition (Synapse Energy
Renewable Energy Laboratory Economics 2023)
2022)

Equity in Sustainability: An
Equity Scan of Local
Government Sustainability
Programs (Urban Sustainability
Directors Network 2014)

Best Practice 50. Consider the evolving natural gas distribution
industry

Track the technical, financial, and regulatory developments of natural gas distribution firms operating in
the electric utility's service territory to improve coordination.

Electricity IRPs and gas distribution system planning are closely linked in multiple ways. For example, in
areas of the Northeast that have limited access to natural gas, winter gas demand for building heating is
creating emerging reliability challenges for natural-gas-fired power plants. Looking to the future, growing
electrification of customer technologies such as water heaters, space heating systems, and cooking
appliances is expected to increasingly transfer energy demand from gas distribution systems to
electricity systems. This may change the dynamics of natural gas availability in places such as the
Northeast and have wider effects nationwide on electricity IRPs and gas distribution planning. Crucially,
economic decommissioning of natural gas distribution system assets, due to reduced gas demand, would
prompt unexpected switching to electrified end uses across residential and commercial customers.

A best practice for electric utilities would be to track the technical, financial, and regulatory
developments of natural gas distribution firms operating entirely or partially in their service territories.
The IRP section that describes the utility's planning environment could describe the status of these
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natural gas distribution firms and potentially inform a sensitivity analysis for load forecasting that
includes larger blocks of customers shifting to electrified end uses due to natural gas service phase-out.

Looking Ahead: Integrate electricity and natural gas industry planning

An emerging practice points towards integration of electricity and natural gas industry planning to
ensure improved coordination for optimal societal outcomes, both economic and distributional. A
potential decrease in customers on gas distribution systems would translate to fewer customers
available to pay for their maintenance. This may increase the financial burden on remaining gas
customers, which raises energy justice concerns if higher-income customers electrify first and the risk
of higher gas rates falls on those who are already disadvantaged. For example, the state of
Washington issued a rulemaking decision mandating Integrated System Planning across electricity
and natural gas (WA UTC 2024).
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Conclusion

Resource planning is challenging. During times of transition and market uncertainty it becomes even
harder. It also becomes more important. As we leave behind a decade of flat load growth and look
forward to projections of record load growth and continued decarbonization and electrification, robust
resource planning is necessary to identify economic and reliable resource plans to serve utility
customers, balancing uncertainties and risks facing the U.S. power sector today.

This guide outlines a list of 50 best practices for resource planning. They cover stakeholder engagement,
resource adequacy, model input development, scenario and sensitivity design, modeling, portfolio and
result evaluation, and integration of the IRP process with other proceedings.

Some best practices are straightforward and simple to implement while others require a considerable
shift and reform of the resource planning process. All of these best practices represent actions or
approaches we have seen implemented, or at the very least studied, by one of more utilities.
Implementation steps vary, based on each utility's current planning practice.

The objective of this guide is to provide concrete steps for progress. While an ideal IRP process
incorporates all best practices, IRP reform takes time. Utilities can use the guide to develop a roadmap
and plan for how to improve the robustness of their IRP processes. Stakeholders can use the guide to
help prioritize their engagements in the IRP process and identify where utilities are falling short. And
regulators can use the guide to evaluate the reasonableness and robustness of each element of the IRP
process and decide where to direct utilities to shift their approach to meet a higher standard for
planning.
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Trump Signs Orders Aimed at Reviving a Struggling
Coal Industry

The moves include loosening environmental rules, but it is unclear how much they can
help reverse the sharp decline in coal power over the last two decades.

> Listen to this article - 7:58 min Learn more

20

By Brad Plumer and Mira Rojanasakul
Reporting from Washington

April 8, 2025

President Trump signed a flurry of executive orders Tuesday aimed at expanding the
mining and burning of coal in the United States, in an effort to revive the struggling
industry.

One order directs federal agencies to repeal any regulations that “discriminate” against
coal production, to open new federal lands for coal mining and to explore whether coal-
burning power plants could serve new A.l. data centers. Mr. Trump also said he would
waive certain air-pollution restrictions adopted by the Biden administration for dozens of
coal plants that were at risk of closing down.

In a move that could face legal challenges, Mr. Trump directed the Energy Department to
develop a process for using emergency powers to prevent unprofitable coal plants from
shutting down in order to avert power outages. Mr. Trump proposed a similar action in his
first term but eventually abandoned the idea after widespread opposition.

Flanked by dozens of miners in white hard hats at the White House, Mr. Trump said he
was also instructing the Justice Department to identify and fight state and local climate
policies that were “putting our coal miners out of business.” He added that he would iggue
“guarantees” that future administrations could not adopt policies harmful to coal, but did
not provide details.
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“This is a very important day to me because we’re bringing back an industry that was
abandoned despite the fact that it was the best, certainly the best in terms of power, real
power,” Mr. Trump said.

In recent weeks, Mr. Trump, Chris Wright, the energy secretary, and Doug Burgum, the
interior secretary, have all spoken about the importance of coal. The two cabinet
members sat in the front row at the White House ceremony, which was attended by
members of Congress from Wyoming, Kentucky, West Virginia and other coal-producing
states.

“Beautiful clean coal,” Mr. Trump told the gathering. “Never use the word ‘coal’ unless
you put ‘beautiful, clean’ before it.”

Coal is the most polluting of all fossil fuels when burned, and accounts for roughly 40
percent of the world’s industrial carbon dioxide emissions, the main driver of global
warming. It releases other pollutants, including mercury and sulfur dioxide, that are
linked to heart disease, respiratory problems and premature deaths. Coal mining and the
resulting coal ash from power plants can also present environmental problems.

Over the past two decades, the use of coal has fallen precipitously in the United States, as
utilities have switched to cheaper and cleaner electricity sources like natural gas, wind
and solar power. That transition has been the biggest reason for the drop in U.S.
emissions since 2005.
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Coal power has declined sharply — and more retirements are coming.
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It is unclear how much Mr. Trump could reverse that decline. In 2011, the nation
generated nearly half of its electricity from coal; last year, that fell to just 15 percent.
Utilities have already closed hundreds of aging coal-burning units and have announced
retirement dates for roughly half of the remaining plants.

In recent years, growing interest in artificial intelligence and data centers has fueled a
surge in electricity demand, and utilities have decided to keep more than 50 coal-burning
units open past their scheduled closure dates, according to America’s Power, an industry
trade group. And as the Trump administration moves to loosen pollution limits on coal
power — including regulations applied to carbon dioxide and mercury — more plants
could stay open longer, or run more frequently.

“You know, we need to do the A.I., all of this new technology that’s coming on line,” Mr.
Trump said on Tuesday. “We need more than double the energy, the electricity, that we
currently have.”

Yet a major coal revival is unlikely, some analysts said.
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“The main issue is that most of our coal plants are older and getting more expensive to
run, and no one’s thinking about building new plants,” said Seth Feaster, a data analyst
who focuses on coal at the Institute for Energy Economics and Financial Analysis, a
research firm. “It’s very hard to change that trajectory.”

During his first term, Mr. Trump sought to prevent unprofitable coal plants from closing,
using emergency authority that is normally reserved for fleeting crises like natural
disasters. But that idea brought a fierce blowback from oil and gas companies, grid
operators and consumer groups, who said it would drive up electricity bills, and the
administration eventually backed away from the idea.

If the idea was tried again today, it would be likely to lead to lawsuits, said Ari Peskoe,
director of the Electricity Law Initiative at Harvard Law School. “But there’s not a lot of
litigation history here,” he said. “Typically these emergency orders last for no longer than
90 days.”

Ultimately, Mr. Trump struggled to fulfill his first-term pledge of rescuing the coal
industry. Despite the fact that his administration repealed numerous climate regulations
and appointed a coal lobbyist to lead the Environmental Protection Agency, 75 coal-fired
power plants closed, and the industry shed about 13,000 jobs during his presidency.

Coal’s decline continued under President Joseph R. Biden Jr., who sought to move the
country away from the fossil fuel altogether in an effort to fight climate change. Last year,
his administration issued a sweeping E.PA. rule that would have forced all of the nation’s
coal plants to either install expensive equipment to capture and bury their carbon dioxide
emissions or shut down by 2039.

This year, upon returning to office, Mr. Trump ordered the E.P.A. to repeal that rule. And
Trump administration officials have repeatedly warned that shutting down coal plants
would harm power supplies. Unlike wind and solar energy, coal plants can run at any
hour of the day, making them useful when electricity demand spikes.

Some industry executives who run the nation’s electric grids have also warned that the
country could face a greater risk of blackouts if too many coal plants retire too quickly,
especially since power companies have faced delays in bringing new gas, wind and solar
plants online, as well as in adding battery storage and transmission lines.
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1/9/26, 4:05 PM Trump Signs Executive Orders Aimed at Reviving U.S. Coal Industry - The New York Times

“For decades, most people have taken electricity and coal for granted,” said Michelle
Bloodworth, chief executive of America’s Power. “This complacency has led to damaging
federal and state policies that have caused the premature retirement of coal plants, thus
weakening our electric grid and threatening our national security.”

Yet coal opponents say that keeping aging plants online can worsen deadly air pollution
and increase energy costs. Earlier this year, PJM Interconnection, which oversees a large
grid in the Mid-Atlantic, ordered a power plant that burns coal and another that burns oil
to stay open until 2029, four years past their planned retirement date, to reduce the risk of
power outages. The move could ultimately cost utility customers in the area of more than
$720 million.

“Coal plants are old and dirty, uncompetitive and unreliable,” said Kit Kennedy, managing
director for power at the Natural Resources Defense Council, an environmental group.
“The Trump administration is stuck in the past, trying to make utility customers pay
more for yesterday’s energy. Instead, it should be doing all it can to build the electricity
grid of the future.”

Brad Plumer is a Times reporter who covers technology and policy efforts to address global warming.

Mira Rojanasakul is a Times reporter who uses data and graphics to cover climate and the environment.

A version of this article appears in print on, Section A, Page 15 of the New York edition with the headline: Trump Signs Orders Aimed At Reviving
Coal Industry

https://www.nytimes.com/2025/04/08/climate/trump-order-coal-mining.html?searchResultPosition=1 5/5
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Declared National Emergencies Under the National Emergencies Act

Emergencies that are still in effect today are shaded in the table below.
Emergencies that did not involve the International Emergency Economic Powers Act (IEEPA) are indicated with an asterisk (*)

Citation/Status

3 C.ER., 1979 Comp., pp. 457-
458; most recently continued by
notice of 11/05/25, see 90 FR
50735.

1. E.0.12170 11/14/79 Blocking Iranian Government Property

3 C.FR., 1980 Comp., pp. 253-
255; prohibitions revoked but na-
tional emergency left in effect by
2. E.O. 12211 04/17/80 Further Prohibitions on Transactions with Iran E.O. 12282 0f 01/19/81. National
emergency does not appear to
have ever been terminated or
continued.

3 C.FR., 1983 Comp.,
3. E.O. 12444 10/14/83 Continuation of Export Control Regulations pp.214-215; revoked by E.O.
12451 of 12/20/83.

3 C.FR., 1984 Comp.,
4. E.0.12470 03/30/84 Continuation of Export Control Regulations pp. 168-169; revoked by E.O.
12525 of 07/12/85.

Prohibiting Trade and Certain Other Transac- 3 C.FR., 1985 Comp,,

5. E.0.12513 05/01/85 tions Involving Nicaraqua p.342;revokedby E.O. 12707
g g of 03/13/90.
e . 3 C.FR, 1985 Comp.,
6. | E.0.12532 09/0g/gs | "rohibiting Trade and Certain Other Transac- pp. 387-391; revoked by E.O.
tions Involving South Africa 19769 of 07/10/91
. . . 3 C.FR, 1986 Comp.,
7. | E0.12543 01/07/86 m:;:;’:’nfig rzde and Certain Transactions pp. 181-182; revoked by E.O.
g by 13357 of 09/20/04.
- . o 3 C.FR,, 1988 Comp.,
8. | E0.12635 04/08/88 E;‘;::g'r:g Certain Transactions with Respect pp. 563-564; revoked by E.O.
12710 of 04/05/90.
3 C.FR., 1990 Comp.,
. . . pp. 294-295; expanded
9 E.0.12722 08/02/90 Blocking Iragi Government Property and Prohi in scope by E.O. 12743 of

biting Transactions with Iraq 01/18/91; revoked by E.O

13350 of 07/29/04.




3 C.F.R, 1990 Comp.,

10. E.0.12730 09/30/90 Continuation of Export Control Regulations pp. 305-306; revoked by
E.O. 12867 of 09/30/93.
3 C.F.R, 1990 Comp.,
11. E.0.12735 11/16/90 Chemical and Biological Weapons Proliferation pp. 313-316; revoked by
E.O. 12938 of 11/14/94.
I . . . 3 C.FR, 1991 Comp.,
12. | E0.12775 10/04/91 ;rﬁ':i’t'it'”g Certain Transactions with Respect pp. 349-350; revoked by
E.O. 12932 of 10/14/94.
Blocking “Yugoslav Government” Property and 3 C.FR., 1992 Comp.,
13. E.O.12808 05/30/92 Property of the Governments of Serbia and pp- 305-306; revoked by
Montenegro E.O. 13304 of 05/28/03.
i . . 3 C.F.R, 1993 Comp.,
14. | E.0.12865 09/26/93 mg:;’:'”%ﬁﬁia'” Transactions pp. 636-638; revoked by
9 E.O. 13298 of 05/06/03.
Measures to Restrict the Participation by 3 C.F.R, 1993 Comp.,
15. E.O. 12868 09/30/93 United States Persons in Weapons pp.650-651; revoked by
Proliferation Activities E.O. 12930 of 09/29/94.
3 C.FR., 1994 Comp.,
16. E.0.12923 06/30/94 Continuation of Export Control Regulations pp.916-917; revoked by E.Q.
12924 of 08/19/94.
3 C.F.R, 1994 Comp.,
17. E.O.12924 08/19/94 Continuation of Export Control Regulations pp.917-919; revoked by E.O.
13206 of 04/04/01.
Measures to Restrict the Participation by 3 C.FR., 1994 Comp.,
18. E.O0.12930 09/29/94 United States Persons in Weapons pp.924-925; revoked by E.Q.
Proliferation Activities 12938 of 11/14/94.
Blocking Property and Additional Measures
With Respect to the Bosnian Serb- Controlled 3 C.FR., 1994 Comp.,
19. E.O.12934 10/25/94 Areas of the Republic of Bosnia and pp- 930-932; revoked by
Herzegovina E.O. 13304 of 05/28/03.
3 C.FR., 1994 Comp.,
pp-950-954; amended by E.O.
13094 of 07/30/98, E.O. 13382
20. E.O0.12938 11/14/94 Proliferation of Weapons of Mass Destruction of 06/28/05, and E.O. 13883 of
08/01/19; most recently
continued by notice of
11/05/25, see 90 FR 50737.
3 C.F.R., 1995 Comp.,
pp-319-320; amended by E.O.
13099 of 08/20/98, E.O. 13224
Prohibiting Transactions with Terrorists Who of 09/23/01, and E.O. 13372 of
21. E.O.12947 01/23/95

Threaten to Disrupt the Middle East Peace
Process

02/16/05; revoked by E.O.
13886 of 09/09/19. E.O. 13224
is listed as a separate
emergency and remains in
effect.




22.

E.O.12957

03/15/95

Prohibiting Certain Transactions with Respect to
the Development of Iranian Petroleum Resources

3 C.F.R, 1995 Comp.,

pp. 332-333; supplemented by
E.O. 12959 of 05/06/95; revoked
inpartby E.O. 13059 of
08/19/97; expanded by E.O.
13553 of 09/28/10, E.O. 13606 of
04/22/12, E.O. 13846 of
08/06/18, E.O. 13902 of
01/10/20, and E.O. 13949 of
09/21/20; most recently
continued by notice of 03/07/25,
see 90 FR 11887 (technically
lapsed for two months

in 2018, because the 2017 one-
year extension was issued on
01/13/17, see 82 FR 6187, and
the subsequent renewal notice
was not issued until 03/12/18,
see83FR11393). E.O. 13606
amended by E.O. 14312 of
06/30/25.

23.

E.O.12978

10/21/95

Blocking Assets and Prohibiting Transactions
with Significant Narcotics Traffickers

3 C.F.R, 1995 Comp.,
pp.415-417; amended by

E.O. 13286 of 02/28/03; most
recently continued by notice of
10/16/25, see 90 FR 48391.

24.

Proc. 6867*

03/01/96

Regulation of the Anchorage and Movement of
Vessels with Respect to Cuba

3 C.FR., 1996 Comp.,

pp.; expanded by Proc. 7757 of
02/26/04; modified by Proc.
9398 of 02/24/16 and Proc.
9699 of 02/22/18; most recently
continued by notice of
02/20/25, see 90 FR 10571.

25.

E.O.13047

05/22/97

Prohibiting New Investment in Burma

3 C.F.R, 1997 Comp.,

pp. 202-204; revoked in

part by E.O. 13310 of
07/28/03; expanded by E.O.
13448 0of 10/18/07, E.O. 13464
of 04/30/08, E.O. 13619 of
07/11/12, and E.O. 13651 of
08/06/13; terminated by E.O.
13742 of 10/07/16.

26.

E.O.13067

11/03/97

Blocking Sudanese Government Property and
Prohibiting Transactions with Sudan

3 C.FR., 1997 Comp.,

pp. 230-231; expanded

by E.O. 13400 of 04/26/06, E.O.
13412 of 10/13/06, and E.O.
14098 of 05/04/23; revoked in part
by E.O. 13761 of 01/13/17; most
recently continued by notice of
10/16/25, see 90 FR 48393.




27.

E.0.13088

06/09/98

Blocking Property of the Governments of the
Federal Republic of Yugoslavia (Serbia and
Montenegro), the Republic of Serbia, and the
Republic of Montenegro, and Prohibiting
New Investment in the Republic of Serbia in
Response to the Situation in Kosovo

3 C.FR., 1998 Comp.,
pp-191-193; revoked by E.O.
13304 of 05/28/03.

28.

E.O0.13129

07/04/99

Blocking Property and Prohibiting Transactions
with the Taliban

3 C.FR. 1999 Comp.,
pp.200-203; revoked by E.O.
13268 of 07/02/02.

20.

E.0.13159

06/21/00

Blocking Property of the Government of the
Russian Federation Relating to the Disposition
of Highly Enriched Uranium Extracted from
Nuclear Weapons

3 C.F.R. 2000 Comp.,

pp. 277-278; expired as of
06/21/13 pursuant to section
202(d) of the National Emergen-
cies Act; E.O. 13617, issued
06/25/12, declared a new
national emergency that had

the practical effect of protecting
the same property and interests
blockedbyE.O. 13159.

30.

E.0.13194

01/18/01

Prohibiting the Importation of Rough
Diamonds from Sierra Leone

3 C.F.R. 2001 Comp.,
pp. 741-743; expanded
by E.O. 12213 of
05/22/01; revoked by
E.O. 13324 of 01/15/04.

31.

E.O.13219

06/26/01

Blocking Property of Persons Who Threaten
International Stabilization Efforts in the
Western Balkans

3 C.FR. 2001 Comp.,

pp. 778-782; revised by

E.O. 13304 of 05/28/03; scope
expanded by E.O. 14033 of 06/08/21
and E.Q. 14140 of 01/08/25; most
recently continued by notice of
06/20/25, see 90 FR 26917.

32.

E.O.13222

08/17/01

Continuation of Export Control Regulations

3 C.F.R. 2001 Comp.,

pp. 783-784; originally modified
E.O. 12947 of 01/23/95, now
revoked; amendedby E.O. 13637
of 03/08/13; most recently
continued by notice of 08/04/25,
see 90 FR 37999.

33.

Proc. 7463*

09/14/01

Declaration of National Emergency by
Reason of Certain Terrorist Attacks

3 C.ER. 2001 Comp., p. 263;
expandedbyE.O. 13223 of
09/14/01;* E.O. 13235 of
11/16/01; and E.Q. 13321 of
12/17/03; most recently
continued by notice of 08/29/25,
see 90 FR 42695.

*Most expansions of authority
under this declaration were
announced as amendments
toE.O. 13223, including: E.O.
13253 0f01/16/02, E.O. 13286
of 02/28/03, and E.O. 13814 of
10/20/17.




34.

E.O.13224

09/23/01

Blocking Property and Prohibiting Transactions
With Persons Who Commit, Threaten To
Commit, or Support Terrorism

3 C.FR. 2001 Comp., pp.786-789;
amendedby E.O. 13268 of
07/02/02, E.O. 13284 of 01/23/03,
E.O. 13372 of 02/16/05, and E.O.
13886 of 09/09/19; most recently
continued by notice of 09/08/25,
see 90 FR 43903.

35.

E.0.13288

03/06/03

Blocking Property of Persons Undermining
Democratic Processes or Institutions in
Zimbabwe

3 C.FR. 2003 Comp.,

pp. 186-191; amended and su-
persededinpartby E.O. 13391
of 11/22/05; most recently
continued by notice of 03/01/23,
see 88 FR 13289; terminated by
E.O. 14118 of 03/04/24.

36.

E.O.13303

5/22/03

Protecting the Development Fund for Iraq and
Certain Other Property in Which Iraq has an
Interest

3 C.FR. 2003 Comp.,
pp.227-229; scope expanded
by E.O. 13315 of 08/28/03; sub-
stantive provisions terminated
but emergency left in place by
E.O. 13668 of 05/27/14; most
recently continued by notice of
05/09/25, see 90 FR 20559.

37.

E.O.13338

05/11/04

Blocking Property of Certain Persons and
Prohibiting the Export of Certain Goods to Syria

3 C.F.R. 2004 Comp.,

pp. 168-172; clarified E.O. 13399
of 04/25/2006; amended by E.O.
13460 of 02/13/08; scope
expanded by E.O. 13572 of
04/29/11, E.O. 13573 of
05/18/11, and E.O. 13606 of
04/22/12; most recently
continued by notice of 05/07/25,
see 90 FR 19619; E.O. 13338
and other E.Q.’s listed revoked
by E.O. 14312 of 06/30/25.

38.

E.0.13348

07/22/04

Blocking Property of Certain Persons and
Prohibiting the Importation of Certain
Goods from Liberia

3 C.F.R. 2004 Comp.,
pp- 189-195; revoked by E.O.
13710 of 11/12/15.

39.

Proc. 7924*

09/08/05

To Suspend Subchapter IV of Chapter 31 of
Title 40, United States Code, Within a
Limited Geographic Area in Response to the
National Emergency Caused by Hurricane
Katrina

3 C.F.R. 2005 Comp., pp. 104-
106; revoked by Proc. 7959 of
11/03/05.

**This limited declaration did
not initially cite the President’s
authority under the National
Emergencies Act, but the revo-
cation proclamation did. For
more information, see Prevailing
Wage Requirements andthe
Emergency Suspension ofthe
Davis-Bacon Act, RL33276,
Congressional Research Service,
February 16,2006, 4-7.




Blocking Property of Certain Persons

3 C.FR., 2006 Comp.,

40. E.O.13396 02/07/06 N R pp. 209-213; terminated by E. O.
C’ont.rlbutlng to the Conflict in Céte 13739 of 09/14/16.
d’lvoire -
3 C.FR., 2006 Comp.,
.231-234; ded by E.O. 14038
41. Blocking Property of Certain Persons o S0921- I S s
E.O.13405 06/16/06 Undermining Democratic Processes or of0 ; most recently continued
Insituti " Bel by notice of 06/09/25, see 90 FR
nstitutions in Belarus 24953,
3 C.ER., 2006 Comp., pp. 247-
Blocking Property of Certain Persons 249; amended by E.O. 13671 of
42. E.O.13413 10/27/06 Contributing to the Conflict in the Democratic 07/08/14; most recently
Republic of the Congo continued by notice of 10/16/25,
see 90 FR 48395.
Blocking Property of Persons Undermining 72 Fed. Reg. 43499-43501; most
43. E.O. 13441 08/01/07 the Sovereignty of Lebanon or Its recently continued by notice of
Democratic Processes and Institutions 07/25/25, see 90 FR 35825.
73 Fed. Reg. 36787-36788;
expanded by E.O. 13551
of 08/30/10, E.O. 13570
of 04/18/11, E.O.
Continuing Certain Restrictions With Respectto | 13687 of 01/02/15,
44. £.0.13466 06/26/08 North Korea and North Korean Nationals E.O. 13722 of 03/15/16,
and E.O. 13810 of
09/20/17; most recently
continued by notice of 06/20/25,
see 90 FR 26915.
. Declaration of a National Emergency With 74 Fed. Reg. 55439-55440; does
45. Proc. 8443 10/23/09 not appearto have ever been
Respect to the 2009 H1N1 Influenza ; :
. terminated or continued.
Pandemic
75 Fed. Reg. 19869-19872;
. . amended by E.O. 13620 of
46. | E.0.13536 04/12/10 ifr?tt:gg tiF:Ofoerttg’ec’fcgsfrltii;r;npersc’”s 07/20/12; most recently conti-
Somalia 9 nued by notice of 04/08/25, see
90 FR 15391.
76 Fed. Reg. 11315-11318;
. I expanded by E.O. 13726 of
47. | E.0.13566 02/25/11 2';‘:;'iEth;rgg:;yoi';dRzzgz'tt'g‘iib . 04/19/16; most recently conti-
y nued by notice of 02/20/25, see
90 FR 10573.
76 Fed. Reg. 44757-44759;
Blocking Property of Transnational Criminal expanded by E.O. 13863 of
48. E.O.13581 07/24/11 Organizations 03/1 5/1 9; most recently continued
by notice of 07/21/25, see 90 FR
34759.
77 Fed. Reg. 29533-29535;
49. E.0.13611 05/16/12 Blocking Property of Persons Threatening the most recently continued by

Peace, Security, or Stability of Yemen

notice of 05/07/25, see 90 FR
20081.




Blocking Property of the Government of the
Russian Federation Relating to the Disposition

77 Fed. Reg. 38457-38461;

50. E.0.13617 06/25/12 of Highly Enriched Uranium Extracted from revoked by E.O. 13695 of 05/26/15.
Nuclear Weapons
79 Fed. Reg. 13491-13495;
expanded by E.O. 13661
of 03/16/14, E.O. 13662 of
03/20/14, and E.O. 14065
Blocking Property of Certain Persons of 02/21/22; relied on for
o1 £.0. 13660 03/06/14 Contributing to the Situation in Ukraine additional steps taken in
E.O. 13685 of 12/19/14
and E.O. 13849 of
09/20/18; most recently
continued by notice of
02/27/2025, see 90 FR
11009.
. . . 79 Fed. Reg. 19281-19285; most
52. E.O.13664 04/03/14 g:;;;? tzlggj[:]ysojiirtam Persons With recently continued by notice of
03/28/25, see 90 FR 14329.
Blocking Property of Certain Persons 79 Fed. Reg. 28385-28391; most
53. E.O. 13667 05/12/14 Contributing to the Conflict in the Central recently continued by notice of
African Republic 05/07/25, see 90 FR 19621.
80 Fed. Reg. 12747-12751;
expanded by E.O. 13808 of 08/24/17,
E.O. 13827 of 03/19/18, E.O. 13835
54. | E.0.13692 03/08/15 | Blocking Property and Suspending Entry of of 05/21/18, and E.O. 13884
F)ertaln Persons Contributing to the Situation of 08/05/19; most recently
I W ElE] continued by notice of 02/27/2025,
see O FR11011; expanded by E.O.
14245 of 03/24/25.
80 Fed. Reg. 18077-18079;
amended by E.Q. 13757 of
Blocking the Property of Certain Persons 12/28/16, E.O. 13984 of
55, E 0.13694 04/01/15 Engaging in Significant Malicious Cyber- 01/19/21, E.O. 14110 of
Enabled Activities 10/30/23, and E.Q. 14144 of
01/16/25; most recently
continued by E.O. 14327 of
03/27/25; further amended by
E.O. 14306 on 06/06/25.
Blocking Property of Certain Persons 80 Fed. Reg. 73633-73636;
56, | E.O.13712 11/22/15 Contributing to the Situation in Burundi ge;;’;g’}gfd by E.O. 14054 of
Blocking the Property of Persons Involved o2 el g, 60839'60843;
57. | E.0.13818 12/20/17 in Serious Human Rights Abuse or most recently continued by
Corruption notice of 12/10/25, see 90 FR
57863.
58. Imposing Certain Sanctions in the Event of 83 Fed. Reg. 46843-46848; most
E 0.13848 09/12/18 Foreign Interference in a United States recently continued by notice of

Election

08/29/25, see 90 FR 42697.




59.

E.O.13851

11/27/18

Blocking Property of Certain Persons
Contributing to the Situation in Nicaragua

83 Fed. Reg. 61505-
61507; relied on for
additional steps taken in
E.O. 14088 of 10/24/22;
most recently continued
by notice of 11/20/25, see
90 FR 53193.

60.

Proc. 9844*

02/15/19

Declaring a National Emergency Concerning the
Southern Border of the United States

84 Fed. Reg. 4949-4950;
continued by notice of 01/15/21, see
86 FR 6557; terminated by Proc.
10142 of 01/20/21; reinstated by
Proc. 10886 on 01/20/2025, see 90
FR 8327.

61.

E.O.13873

05/15/19

Executive Order on Securing the Information
and Communications Technology and
Services Supply Chain

84 Fed. Reg. 22689-22692;
expanded by E.O. 13942 of
08/06/20, E.O. 13943 of 08/06/20,
E.O. 13971 of 01/05/21, and E.O.
14034 of 06/09/21; most recently
continued by notice of 05/09/2025,
see 90 FR 20557.

62.

E.O.13882

07/26/19

Blocking Property and Suspending Entry of
Certain Persons Contributing to the Situation
in Mali

84 Fed. Reg. 37055-37058; most
recently continued by notice of
07/21/25, see 90 FR 34757.

63.

E.O. 13894

10/14/19

Blocking Property and Suspending Entry of
Certain Persons Contributing to the Situation
in Syria

84 Fed. Reg. 55851-55855;
continued by notice of 09/30/25, see
89 FR 82929; expanded by E.O.
14142 of 01/15/25 and E.O. 14312
of 06/30/25.

64.

Proc. 9994*

03/13/20

Declaring a National Emergency Concerning
the Novel Coronavirus Disease (COVID-19)
Outbreak

85 Fed. Reg. 15337-15338;
expanded by E.O. 13911 of
03/27/20, E.O. 13912 of 03/27/20,
and E.O. 13916 of 04/18/20; further
expanded by decisions of the
Secretary of Homeland Security of
03/20/20 without additional E.O. at
85 FR 16547 (extended on 04/22/22
by 87 FR 24041) and 85 FR 16548
(extended on 04/22/22 by 87 FR
24048), terminated by H.J. Res. 7
on 04/10/23.

65.

E.O. 13920

05/01/20

Securing the United States Bulk-Power
System

85 Fed. Reg. 26595-26599;
suspended for 90 days by E.O.
13990 of 01/20/21; does not
appear to have been formally
terminated or continued.

66.

E.O. 13928

06/11/20

International Criminal Court; Blocking Property
of Certain Associates

85 Fed. Reg. 36139-36142;
terminated by E.Q. 14022 of
04/01/21.




The President's Executive Order on Hong

85 Fed. Reg. 43413-43417; most

67. E.O. 13936 07/14/20 Kona Normalization recently continued by notice of
9 07/10/25, see 90 FR 31129.
Addressing the Threat to the Domestic Supply 85 Fed. Req. 62539-62544: d
Chain From Reli Critical Mineral ed. Reg. - » 40es
68. E.O. 13953 09/30/20 an rom elance Oh riica |nergs not appear to have ever been
From Foreign Adversaries and Supporting the : )
S ) ) terminated or continued.
Domestic Mining and Processing Industries
) » 85 Fed. Reg. 73185-73189;
Addressing the Threat From Securities amended by E.O. 13974 of 01/13/20,
69. E.O. 13959 11/12/20 Investments That Finance Communist and E.O. 14032 of 06/03/21; most
Chinese Military Companies recently continued by notice of
11/05/25, see 90 FR 50739.
; ; 86 Fed. Reg. 9429-9432; most
Blocking Property With Respect to the ’
70. E.O. 14014 02/10/21 Situatlioi in Bpurmya ! . recently continued by notice of
02/04/25, see 90 FR 9111.
71770
[CCCCCCereer 86 Fed. Reg. 20249-20252;
CCLCCCCECLLLE expanded by E.O. 14066 of
CLCCCCCCCCCED 03/08/22; relied on for additional
(LCCLCereeeee . . . steps taken in E.0.14039 of
(CCCCCCEreeee Blocking Property With Respect to Specified 08/20/21, E.Q. 14068 of 03/11/22,
ﬁﬁﬁﬁ%{ E.O. 14024 04/15/21 Harmful Foreign Activities of the Government and E.O. 14071 of 04/06/22;
[[[[[[[[[[[[[ of the Russian Federation expanded by E.O. 14114 of
i 12/22/23; most recently continued
TLCCEITECCE by notice of 04/10/25. See 90 FR
[ICICCCIITIT 15523; expanded further by E.O.
I 14329 on 08/06/25.
[[rtrt
Imposing Sanctions on Certain Persons With 86 Fed. Reg. 52389-52393; most
72. E.O. 14046 09/17/21 Respect to the Humanitarian and Human recently continued by notice of
Rights Crisis in Ethiopia 09/08/25, see 90 FR 43901.
86 Fed. Reg. 71549-71553; further
I ing Sancti Foreign P authority invoked in E.O. 14097 of
73. | E.O.14059 12115021 | e ot o Trade 04/27/23; most recently continued
g by notice of 12/10/25, see 90 FR
57865.
Protecting Certain Property of Da Afghanistan 87 Fed. Reg. 8391-8393; most
74. E.O. 14064 02/11/22 Bank for the Benefit of the People of recently continued by notice of
Afghanistan 01/15/2025, see 90 FR 6711.
Declaration of National Emergency and
Invocation of Emergency Authority Relating to 87 Fed. Reg. 24265-24266; most
75. Proc. 10371* 04/21/22 the Regulation of the Anchorage and recently continued by notice of
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Order No. 202-25-7

Pursuant to the authority vested in the Secretary of Energy by section 202(c) of the Federal
Power Act (FPA), 16 U.S.C. § 824a(c), and section 301(b) of the Department of Energy
Organization Act, 42 U.S.C. §7151(b), and for the reasons set forth below, I hereby determine that
an emergency exists in portions of the Midwest region of the United States due to a shortage of
electric energy, a shortage of facilities for the generation of electricity, and other causes. Issuance
of this Order will meet the emergency and serve the public interest.

Order No. 202-25-3

J.H. Campbell Generating Plant (Campbell Plant) is a 1,420 MW coal-fired plant primarily
owned by Consumers Energy Company (Consumers) and located in West Olive, MI. In 2021,
Consumers announced that it planned to implement a “speed closure” of the Campbell Plant fifteen
years before the end of its scheduled design life.! Instead of retiring the Campbell Plant at the end
of its design life, Consumers planned to accelerate the Campbell Plant’s retirement and discontinue
its operations on May 31, 2025.

Order No. 202-25-3, issued pursuant to FPA section 202(c), required that the Campbell
Plant remain in operation for 90 days, until August 21, 2025. That order was based on my
determination that emergency conditions existed in the region served by the Midcontinent
Independent System Operator, Inc. (MISO). Specifically, I determined that MISO likely faced
tight reserve margins during the summer 2025 period, particularly during periods of high demand
or low generation resource output. I determined that the continued operation of the Campbell Plant
would provide additional generation capacity during these periods which would help prevent the
potential loss of power to homes and local businesses in the areas that might have been affected
by curtailments or outages that would otherwise pose a risk to public health and safety. I
determined that the continued operation of the Campbell Plant was necessary to alleviate
immediate and anticipated threats to reliability. My determination was based on a number of facts.

First, the North American Electric Reliability Corporation (NERC) released its 2025
Summer Reliability Assessment on May 14, 2025. In its assessment, NERC indicated that
“[d]emand forecasts and resource data indicate that MISO is at elevated risk of operating reserve
shortfalls during periods of high demand or low resource output.”? In particular, NERC explained
that the retirement of thermal generation capacity increased the likelihood of electricity supply

' See Consumers Energy Announces Plan to End Coal Use by 2025, Lead Michigan's Clean Energy
Transformation, Consumers Energy (June 23, 2021), https://www.consumersenergy.com/news-releases/news-
release-details/2021/06/23/consumers-energy-announces-plan-to-end-coal-use-by-2025-lead-michigans-clean-
energy-transformation. As a coal-fired facility, it would be difficult for the Campbell Plant to resume operations
once it has been retired. Specifically, any stop and start of operation creates heating and cooling cycles that could
cause an immediate failure that could take 30-60 days to repair if a unit comes offline.

2 2025 Summer Reliability Assessment, North American Electric Reliability Corporation, at 16 (May 2025),
https://www.nerc.com/pa/RAPA/ra/Reliability%20Assessments%20DL/NERC_SRA 2025.pdf (NERC 2025
Summer Reliability Assessment).



https://www.consumersenergy.com/news-releases/news-release-details/2021/06/23/consumers-energy-announces-plan-to-end-coal-use-by-2025-lead-michigans-clean-energy-transformation
https://www.consumersenergy.com/news-releases/news-release-details/2021/06/23/consumers-energy-announces-plan-to-end-coal-use-by-2025-lead-michigans-clean-energy-transformation
https://www.consumersenergy.com/news-releases/news-release-details/2021/06/23/consumers-energy-announces-plan-to-end-coal-use-by-2025-lead-michigans-clean-energy-transformation
https://www.nerc.com/pa/RAPA/ra/Reliability%20Assessments%20DL/NERC_SRA_2025.pdf

shortfalls. NERC anticipated that the near-term period of greatest capacity shortfall for MISO
would likely occur in August.?

Second, multiple generation facilities in Michigan have retired in recent years. According
to the U.S. Energy Information Administration (EIA), “[s]ince 2020, about 2,700 megawatts of
coal-fired generating capacity have been retired and no new coal-fired facilities are planned.”*
Additionally, EIA stated, “[t]ypically, Michigan’s nuclear power plants have supplied about 30%
of in-state electricity, but the amount of electricity generated by nuclear power plants in Michigan
has declined as plants have been decommissioned.”> The state’s Big Rock Point nuclear power
plant shut down in 1997, and the Palisades nuclear power plant closed in 2022. While the Palisades
nuclear power plant may reopen in 2025, it was not projected to be available during the peak
demand period this summer.°

Third, the Campbell Plant’s retirement would have further decreased available dispatchable
generation within MISO’s service territory, adding to the loss of the other 1,575 MW of natural
gas and coal-fired generation that has retired since the summer of 2024. Although MISO and
Consumers have incorporated the planned retirement of the Campbell Plant into their supply
forecasts and Consumers acquired a 1,200 MW natural gas power plant in Covert, MI, the NERC
Assessment still anticipates “elevated risk of operating reserve shortfalls.”’

Fourth, MISO’s Planning Resource Auction Results for the 2025-2026 Planning Year,
released in April 2025, noted that for the northern and central zones, which includes Michigan,
“new capacity additions were insufficient to offset the negative impacts of decreased accreditation,
suspensions/retirements and external resources.”® While the results “demonstrated sufficient
capacity,” the summer months reflected the “highest risk and a tighter supply-demand balance”

and these results “reinforce the need to increase capacity.”’

Continuing Emergency Conditions

The emergency conditions that led to the issuance of Order No. 202-25-3 continue, both in
the near and long term. The summer season has not yet ended, and the production of electricity
from the Campbell Plant will continue to be a critical asset to maintain reliability in MISO this
summer. That need is evidenced by the fact that the Campbell Plant was called on by MISO to
generate large amounts of electricity during the heat wave that hit MISO this past June. According

31d.

4 Michigan State Profile and Energy Estimates, U.S. Energy Info. Admin. (Oct. 17, 2024),
https://www.eia.gov/state/print.php?sid=MI.

SId.

¢ The start-up of Palisades is scheduled for the fourth quarter of 2025.

"NERC 2025 Summer Reliability Assessment at 16.

8 Planning Resource Auction—Results for Planning Year 2025-2026, Midcontinent Independent System Operator,
Inc., 13 (May 29, 2025),
https://cdn.misoenergy.org/2025%20PRA%20Results%20Posting%2020250529 Corrections694160.pdf. (MISO
Planning Resource Auction — Results for Planning Year 2025-26).

°Id. at2,12.
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to the U.S. Environmental Protection Agency’s data, over the month of June, the Campbell Plant
generated approximately 664,000 MWh, running at 61% capacity.'° In fact, between June 11 and
August 18, MISO issued dozens of alerts to manage grid reliability in its Central Region in
response to hot weather, severe weather, high customer load, forced generation outages, and
transfer capability limits. MISO issued alerts for the Central Region on at least 40 of the 69 days
between June 11 and August 18. In June, MISO issued alerts affecting the Central Region on 18
days, including an Energy Emergency Alert (EEA) level 1 ("Max Gen Step 1b") on June 23 to
enable MISO to take emergency action to ensure grid stability, including bringing additional
resources online.!! The Central Region had alerts on 21 days in July, including one Max
Generation Warning on July 29 and two Max Generation Alerts on July 28 and 29. 2 Two Capacity
Advisory Initiate alerts have been issued in August to date.'®> Moreover, the May 2025 NERC
Summer Reliability Assessment referenced a Seasonal Outlook issued by the National Oceanic
and Atmospheric Administration (NOAA), which estimates that much of the Midwest has a 33%-
40% chance to experience above-normal temperatures this summer.'# The Seasonal Outlook
released by NOAA on July 17, 2025, increased this estimate for much of the region to a 40%-50%
chance. 1°

MISO’s resource adequacy problems are not limited to the summer. In 2022, MISO
requested Federal Energy Regulatory Commission (FERC) approval of its filing to revise its
resource adequacy construct (including the Planning Resource Auction or PRA) to establish
capacity requirements for each of the four seasons of the year rather than on an annual basis
determined by peak summer demand. '® MISO justified this revision by explaining that “Reliability
risks associated with resource adequacy have shifted from ’Summer only’ to a year-round

19 See, Custom Data Download, EPA CAMPD (Clean Air Markets Program Data),
https://campd.epa.gov/data/custom-data-download (search criteria to produce these results could include Emissions
>> Monthly >> Unit (default) >>Apply >>“2025" and “June.” The data can then be filtered to only include the
Campbell Plant.)

' An Energy Emergency Alert is an alert declared by the Transmission Provider in accordance with the NERC
Operating Manual associated with the Transmission Provider’s inability to provide for the Energy and Operating
Reserve requirements of the MISO Balancing Authority Area. For more information, see MISO, FERC Electric
Tariff, Module A, § 1.E (Definitions) (92.0.0). For more information on Energy Emergency Alert levels, see North
American Electric Reliability Corporation. (n.d.). EOP-011-1 Emergency Operations.
https://www.nerc.com/pa/stand/reliability%20standards/eop-011-1.pdf.

12 A Max Gen Alert occurs when MISO is forecasting a potential capacity shortage. A Max Gen Warning is a
warning to prepare for a possible Max Gen Event. See MISO Operating Procedures,
https://efis.psc.mo.gov/Document/Display/9379 (20180920).

13 A Capacity Advisory alert is an advisory issued based on the potential for limited operating capacity margins
(<5%) in the following 2-3 days. See MISO Operating Procedures, https://efis.psc.mo.gov/Document/Display/9379
(20180920).

14 NERC 2025 Summer Assessment at 9.

5Seasonal Outlook, NOAA Climate Prediction Ctr., (July 17, 2025),
https://www.cpc.ncep.noaa.gov/products/predictions/long_range/seasonal.php?lead=1.

16 Midcontinent Independent System Operator; Inc., FERC Docket No. ER22-495-000 (Nov. 30, 2021). This request
was approved by FERC on August 31, 2022. Midcontinent Independent System Operator, Inc., 180 FERC 9 61,141
(2022).
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concern.” '’ MISO noted that over 60 percent of all “MaxGen” events (events when MISO initiates
emergency procedures because of concerns over the adequacy of available generation) occurred
outside of the summer season. '8

In December of 2023, MISO released an “Attributes Roadmap,” in which it presented “an
in-depth look at the challenges of operating a reliable bulk electric system in a rapidly transforming
energy landscape.” ! Among other things, this report described changes in the time of year during
which the risk of the loss of load was greatest. For the 2023/24 Planning Year, the greatest risk of
loss of load was in the summer, but it is expected that by the summer of 2027, there will be an
equal loss of load risk in both the summer and fall seasons. MISO also projects that the risk of
loss of load in the winter and spring seasons, although not as high as in the summer or fall, will
nevertheless increase over time.

More recently, MISO affirmed the resource adequacy problems occurring outside of its
summer season in its 2024 report entitled, “MISO s Response to the Reliability Imperative.”?' In
a section of that report entitled “Risks in Non-Summer Seasons,” MISO again stressed that it has
resource reliability concerns outside of the summer season.

Widespread retirements of dispatchable resources, lower reserve margins, more
frequent and severe weather events and increased reliance on weather-dependent
renewables and emergency-only resources have altered the region’s highest historic
risk profile, creating risks in non-summer months that rarely posed challenges in
the past. 2

These MISO studies indicate that the emergency conditions caused by the loss of generation
capacity in MISO extend past the summer season.

The evidence indicates that there is also a potential longer term resource adequacy
emergency in MISO. When MISO reported the results of its PRA for the 2025-26 Planning Year,
it noted that “new capacity additions were insufficient to offset the negative impacts of decreased
accreditation, suspensions/retirements and external resources” in the northern and central zones,
which include Michigan.

On June 6, 2025, subsequent to the issuance of Order No. 202-25-3, the Organization of
MISO States (OMS) and MISO issued the results of their survey, which has been conducted
annually for many years to determine the degree to which expected capacity resources satisfy

1; MISO Transmittal Letter at 3, FERC Docket No. ER22-495-000 (Nov. 30, 2021).

;3 /If;t;itbz;js Roadmap, MISO (Dec. 2023), https://cdn.misoenergy.org/2023%20Attributes%20Roadmap631174.pdf.
21 j\jl;gllvl}?esponse to the Reliability Imperative, MISO (Updated Feb. 2024),
gttlpds:g/f(lhzl.misoenergy.0rg/2024+Re1iabi1ity+lmperative+report+F eb.+21+Final504018.pdf.

z MiSO Pianning Resource Auction — Results for Planning Year 2025-26 at 13.

4



planning reserve margin requirements.?* The 2025 Survey presented projections of resource
adequacy for the summer of 2026 and subsequent years. Although the survey projected a potential
capacity surplus for the summer of 2026, it also projected that at least 3.1 GW of additional
generation capacity beyond currently committed generation capacity must be added to meet the
projected planning reserve margin.? The survey also projected that there would be insufficient
capacity to meet the peak demand for electricity in each of the following four summers, increasing
from a deficit of 1.4 GW in 2027 to 8.2 GW in 2030.2° Similar results were projected for MISO’s
winter seasons, with a small surplus of generation capacity in 2026, followed by increasing deficits
the following four years.?’

The primary reasons for these projected deficits also are shown on the OMS-MISO survey.
Large amounts of existing generation capacity are projected to be retired each year while, at the
same time, the demand for electricity is projected to increase at an accelerating pace.?® Although
the OMS-MISO survey projects generation capacity to continue to increase in the coming years
with the addition of new potential generation assets, the increase in capacity is largely offset by
the projected retirements, and does not keep up with the growth in demand.?

MISO has been taking steps to address these projected deficits. For example, on June 6,
2025, MISO submitted a proposal to FERC to establish an Expedited Resource Addition Study
(ERAS) process to provide a framework for the expedited study of interconnection requests to
address urgent resource adequacy and reliability needs in the near term. This proposal was
approved by FERC on July 21, 2025.3° The ERAS process should help expedite the construction
of needed new capacity. However, resources studied under the ERAS will have commercial
operation dates that are at least three years away, and are provided an additional three year grace
period to commence commercial operations.! In addition, supply chain constraints impeding the
acquisition of critical grid components, including large natural gas turbines and transformers, are
likely to further hinder rapid construction and exacerbate reliability concerns.*> Consequently, the
new ERAS process is unlikely to result in the addition of any new generation capacity in the next
few years.

242025 OMS-MISO Survey Results, OMS and MISO (Updated June 6, 2025)
https://cdn.misoenergy.org/20250606%200MS%20MIS0%20Survey%20Results%20Workshop%20Presentation70
2311.pdf.

B Id. at2.

2 Id. at7.

2 Id. at 9.

2 Id at7,9.

2 Id.

30 Midcontinent Independent System Operator, Inc., 192 FERC § 61,064 (2025).

31192 FERC Y 61,064 at P 84.

32 See generally, US Gas-Fired Turbine Wait Times as Much as Seven Years; Costs Up Sharply, S&P Global (May
2025), US gas-fired turbine wait times as much as seven years; costs up sharply | S&P Global. “With demand for
natural gas-fired turbines in the US rapidly accelerating amid power demand growth forecasts driven by Al,
manufacturing, and electrification, wait times for turbines are anywhere between one and seven years depending on
the model, and costs have increased considerably, experts told Platts.”
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Order 202-25-3 was preceded by executive orders on January 20, 2025, and April 8, 2025,
in which President Donald J. Trump underscored the dire energy challenges facing the Nation due
to growing resource adequacy concerns. Specifically, in Executive Order 14262, “Strengthening
the Reliability and Security of the United States Electric Grid,” President Trump emphasized that
“the United States is experiencing an unprecedented surge in electricity demand driven by rapid
technological advancements, including the expansion of artificial intelligence data centers and
increase in domestic manufacturing.”** President Trump likewise recognized, in Executive Order
14156, “Declaring a National Energy Emergency,” that the “United States’ insufficient energy
production, transportation, refining, and generation constitutes an unusual and extraordinary threat
to our Nation’s economy, national security, and foreign policy.”** The Executive Order adds:
“Hostile state and non-state foreign actors have targeted our domestic energy infrastructure,
weaponized our reliance on foreign energy, and abused their ability to cause dramatic swings

within international commodity markets.” %

The Department’s July 2025 Resource Adequacy Report: Evaluating the Reliability and
Security of the United States Electric Grid, issued pursuant to the President’s directive in Executive
Order 14262, details the myriad challenges affecting the Nation’s energy outlook. “Absent
decisive intervention, the Nation’s power grid will be unable to meet projected demand for
manufacturing, re-industrialization, and data centers driving artificial intelligence (Al)
innovation.”*® The prolific growth of data centers for the development of Al, as well as their
immense energy needs, presents a new and unexpected source of load growth. This growth is
illustrated by the fact that there are more than twenty Al companies operating in Michigan alone. *’
In addition, as just one example, Consumers has announced an additional 1 GW of new power to
a planned hyperscale data center and “continue[s] to see positive momentum with data centers
within the 9 GW pipeline . . . .” %

Grid operators—including MISO itself—have likewise acknowledged the Nation’s current
energy crisis. For instance, during a March 25, 2025, hearing before the House Committee on
Energy and Commerce, Jennifer Curran, Senior Vice President, Planning and Operations, MISO,
testified that “the MISO region faces resource adequacy and reliability challenges due to the

33 Executive Order No. 14262, 90 Fed. Reg. 15521 (Apr. 8, 2025) (Strengthening the Reliability and Security of the
United States Electric Grid), https://www.whitehouse.gov/presidential-actions/2025/04/strengthening-the-reliability-
and-security-of-the-united-states-electric-grid/.

34 Executive Order No. 14156, 90 Fed. Reg. 8433 (Jan. 20, 2025) (Declaring a National Energy Emergency),
https://www.whitehouse.gov/presidential-actions/2025/01/declaring-a-national-energy-emergency/.

3 Id.

36 See also Resource Adequacy Report: Evaluating the Reliability and Security of the United States Electric Grid,
U.S. Department of Energy (July 2025), at 1, https://www.energy.gov/sites/default/files/2025-
07/DOE%20Final%20EO0%20Report%20%28FINAL%20JULY %207%29.pdf.

37 Ekku Jokinen, Top 21 Artificial Intelligence Companies in Michigan, (last accessed Aug. 13, 2025),
https://www.inven.ai/company-lists/top-2 1 -artificial-intelligence-companies-in-michigan.

38 See Michigan utility Consumers Energy to provide 1GW of power to new hyperscale data center, Data Center
Dynamics (August 05, 2025), https://www.datacenterdynamics.com/en/news/michigan-utility-consumers-energy-to-
provide-1gw-of-power-to-new-hyperscale-data-center/ (quoting Consumers Energy CEO Garrick Rochow).
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changing characteristics of the electric generating fleet, inadequate transmission system
infrastructure, growing pressures from extreme weather, and rapid load growth.”*° Ms. Curran
also described “much stronger growth [in demand for electricity] from continued electrification
efforts, a resurgence in manufacturing, and an unexpected demand for energy-hungry data centers
to support artificial intelligence.”*’ She added, “[a] growing reliability risk is that the rapid
retirement of existing coal and gas power plants threatens to outpace the ability of new resources
with the necessary operational characteristics to replace them.”*!

ORDER

FPA section 202(c)(1) provides that whenever the Secretary of the Department of Energy
determines “that 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,” then the Secretary has the authority “to require by order . . . such generation, delivery,
interchange, or transmission of electric energy as in its judgment will best meet the emergency and
serve the public interest.”** This statutory language constitutes a specific grant of authority to the
Secretary to require the continued operation of the Campbell Plant when the Secretary has
determined that such continued operation will best meet an emergency caused by a sudden increase
in the demand for electric energy or a shortage of generation capacity.

Such is the case here. As described above, the emergency conditions resulting from
increasing demand and accelerated retirements of generation facilities supporting the issuance of
Order No. 202-25-3 will continue in the near term and are also likely to continue in subsequent
years. This could lead to the potential loss of power to homes and local businesses in the areas
that may be affected by curtailments or outages, presenting a risk to public health and safety. Given
the responsibility of MISO to identify and dispatch generation necessary to meet load
requirements, | have determined that, under the conditions specified below, continued additional
dispatch of the Campbell Plant is necessary to best meet the emergency and serve the public
interest under FPA section 202(c¢).

To ensure the Campbell Plant will be available if needed to address emergency conditions,
the Campbell Plant shall remain in operation until November 19, 2025.4

39 Keeping the Lights On: Examining the State of Regional Grid Reliability Before the House Committee on Energy
and Commerce, Subcommittee on Energy, 119th Cong. (Mar. 25, 2025) (statement of Ms. Jennifer Curran, Senior
Vice President for Planning and Operations, Midcontinent Independent System Operator), at 5, https://democrats-
energycommerce.house.gov/sites/evo-subsites/democrats-energycommerce.house.gov/files/evo-media-
document/witness-testimony_curran_eng_grid-operators _03.25.2025.pdf.

W 1d até.

4 Id at7.

42 Although the text of FPA section 202(c) grants this authority to “the Commission,” section 301(b) of the
Department of Energy Organization Act transferred this authority to the Secretary of the Department of Energy. See
42 US.C. § 7151(b) (2018).

316 U.S.C. § 824a(c)(4).



Based on my determination of an emergency set forth above, I hereby order:

A.

From August 21, 2025, MISO and Consumer Energy shall take all measures necessary
to ensure that the Campbell Plant is available to operate. For the duration of this Order,
MISO is directed to take every step to employ economic dispatch of the Campbell Plant
to minimize cost to ratepayers. Following the conclusion of this Order, sufficient time
for orderly ramp down is permitted, consistent with industry practices. Consumers
Energy is directed to comply with all orders from MISO related to the availability and
dispatch of the Campbell Plant.

. To minimize adverse environmental impacts, this Order limits operation of dispatched

units to the times and within the parameters as determined by MISO pursuant to
paragraph A. MISO shall provide a daily notification to the Department (via
AskCR@hgq.doe.gov) reporting whether the Campbell Plant has operated in
compliance with the allowances contained in this Order.

All operation of the Campbell Plant must comply with applicable environmental
requirements, including but not limited to monitoring, reporting, and recordkeeping
requirements, to the maximum extent feasible while operating consistent with the
emergency conditions. This Order does not provide relief from any obligation to pay
fees or purchase offsets or allowances for emissions that occur during the emergency
condition or to use other geographic or temporal flexibilities available to generators.

By September 4, 2025, MISO is directed to provide the Department of Energy (via
AskCR@hgq.doe.gov) with information concerning the measures it has taken and is
planning to take to ensure the operational availability of the Campbell Plant consistent
with this Order. MISO shall also provide such additional information regarding the
environmental impacts of this Order and its compliance with the conditions of this
Order, in each case as requested by the Department of Energy from time to time.

Consumers is directed to file with the Federal Energy Regulatory Commission Tariff
revisions or waivers to effectuate this Order. Rate recovery is available pursuant to 16
U.S.C. § 824a(c).

This Order shall not preclude the need for the Campbell Plant to comply with applicable
state, local, or Federal law or regulations following the expiration of this Order.

Because this Order is predicated on the shortage of facilities for generation of electric
energy and other causes, the Campbell Plant shall not be considered a capacity
resource.



H. This Order shall be effective from 00:00 Eastern Daylight Time (EDT) on August 21,
2025, and shall expire at 00:00 EDT on November 19, 2025, with the exception of
applicable compliance obligations in paragraph D.

I. Issued in Norfolk, Virginia at 8:50pm Eastern Daylight Time on this 20th day of August
2025.

Chris Wright
Secretary of Energy

FERC Commissioners
Chairman David Rosner
Commissioner Lindsay S. See
Commissioner Judy W. Chang

Michigan Public Service Commissioners
Chairman Dan Scripps

Commissioner Katherine Peretick
Commissioner Shaquila Myers
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Department of Energy
Washingfton, DC 20585

Order No. 202-25-8

Pursuant to the authority vested in the Secretary of Energy by section 202(c) of the Federal
Power Act (FPA), 16 U.S.C. § 824a(c), and section 301(b) of the Department of Energy
Organization Act, 42 U.S.C. § 7151(b), and for the reasons set forth below, I hereby determine
that an emergency exists in the PJM Interconnection, L.L.C. (PJM) region due to a shortage of
facilities for the generation of electric energy, resource adequacy concerns, and other causes.
Issuance of this Order will meet the emergency and serve the public interest.

Order No. 202-25-4

The Eddystone Generating Station is a power plant owned by Constellation Energy
Corporation (Constellation Energy) and located in Eddystone, PA. Units 3 and 4 (Eddystone
Units), each with 380 MW of generation capacity, are subcritical steam boiler-turbine generator
units that can run on either natural gas or oil, depending on market conditions. The Eddystone
Units were initially scheduled for retirement on May 31, 2025.

Order No. 202-25-4, issued pursuant to FPA section 202(c), required that the Eddystone
Units remain in operation for 90 days, until August 28, 2025. That order was based on my
determination that emergency conditions existed in the PJM region. I explained that there was a
potential shortage of electric energy and shortage of facilities for generation of electric energy. I
stated that the potential loss of power to homes and local businesses presents a risk to public health
and safety. I determined that the operational availability and economic dispatch of the Eddystone
Units is necessary to best meet the emergency and serve the public interest. My determination was
based on a number of different facts.

First, in congressional testimony, PJM’s president and CEO recently stated that its system
faces a “growing resource adequacy concern” due to load growth, the retirement of dispatchable
resources, and other factors.! He stated that, through 2030, PJM anticipates reliability risk from
increasing electricity demand, generator retirement outpacing new resource construction, and
characteristics of resources in PJM’s interconnection queue.? Upcoming retirements, including
the planned retirement of the Eddystone Units, would exacerbate these resource adequacy issues.

! Keeping the Lights On: Examining the State of Regional Reliability, Before the H. Comm. on Energy and Com., S.
Comm. on Energy, 119th Cong. (Mar. 25, 2025) (testimony of Mr. Manu Asthana, President and CEO of PJM
Interconnection) (Asthana Test.) at 4-5, available at
https://www.congress.gov/119/meeting/house/118040/witnesses/HHRG-119-1F03-Wstate-AsthanaM-20250325.pdf.
2/d.
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Second, PJM indicated that resource constraints could exist within its service territory
under peak load conditions, stating that “available generation capacity may fall short of required
reserves in an extreme planning scenario.” In its February 2023 assessment “Energy Transition
in PJM: Resource Retirements, Replacements & Risks (Four Rs Report),” PJM highlighted
increasing reliability risks in the coming years due to the “potential timing mismatch between
resource retirements, load growth and the pace of new generation entry” under “low new entry”
scenarios for renewable generation.*

Third, in December 2024, PJM filed revisions with the Federal Energy Regulatory
Commission (FERC) to Part VII of its Open Access Transmission Tariff, known as the Reliability
Resource Initiative (RRI), to address near-term resource adequacy concerns. In a February 2025
order, FERC accepted the revisions and found “the possibility of a resource adequacy shortfall
driven by significant load growth, premature retirements, and delayed new entry.”>

Continuing Emergency Conditions

The emergency conditions that led to the issuance of Order No. 202-25-4 continue, both in
the near and long term. The summer season has not yet ended, and the production of electricity
from the Eddystone Units will continue to be critical to maintaining reliability in PJM this summer.
This need is evidenced by the fact that the Eddystone Units were called on by PJM to generate
electricity during heat waves that hit the region in June and July.

According to U.S. Environmental Protection Agency data, the Eddystone Units generated
over 17,000 MWhs during the month of June.® Further, over a period of hot weather from June
23 to June 26, Unit 3 ran for a total of 65 hours and Unit 4 ran for a total of 59 hours.” During a
hot weather period from July 28 to July 30, Unit 3 ran for 39 hours and Unit 4 ran 8 hours.?

Over the course of the summer, PJM has issued Hot Weather Alerts and/or Maximum
Generation Alerts (EEA 1) covering a total of 20 days, including days in June, July, and August.’
The hot weather may continue in the near term, as the Seasonal Outlook released by the National
Oceanic and Atmospheric Administration (NOAA) on August 21, 2025, projects between a 40%

3 PJM Summer Outlook 2025: Adequate Resources Available for Summer Amid Growing Risk, PIM
Interconnection, L.L.C. (May 9, 2025), https://insidelines.pjm.com/pjm-summer-outlook-2025-adequate-resources-
available-for-summer-amid-growing-risk/.

4 Energy Transition in PJM: Resource Retirements, Replacements & Risks, PJM (Four Rs Report) at 1, (Feb. 24,
2023), https://www.pjm.com/-/media/DotComny/library/reports-notices/special-reports/2023/energy-transition-in-pjm-
resource-retirements-replacements-and-risks.ashx.

5 PJM Interconnection, L.L.C., 190 FERC Y 61,084 (2025).

¢ See Custom Data Download, EPA CAMPD (Clean Air Markets Program Data),
https://campd.epa.gov/data/custom-data-download (search criteria Emissions >> Monthly >> Unit (default)
>>Apply >>“2025” and “June” (search date Aug. 22, 2025).

7 See PJM daily reports to DOE under Order No. 202-25-4, June 24-27, 2025.

8 See PJM daily reports to DOE under Order No. 202-25-4, July 29-31, 2025.

® See PJM Emergency Procedures Postings for the period between June 1 and August 31, Emergency Procedures,
https://emergencyprocedures.pjm.com/ep/pages/dashboard.jsf (search range set to: effective from 06/01/2025 until
08/31/2025).
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and 60% probability of above-normal temperatures in the Mid-Atlantic region, which includes the
PJM region, over the next three calendar months. '

The evidence also indicates that there is a potential longer term resource adequacy
emergency in the PJM region.

In its news release expressing support for Order No. 202-25-4, PJM explained that it has
“repeatedly documented and voiced its concerns over the growing risk of a supply and demand
imbalance driven by the confluence of generator retirements and demand growth. Such an
imbalance could have serious ramifications for reliability and affordability for consumers.”!!

PJM has indeed voiced these concerns for years. In its February 2023 Four Rs Report,
PJM cautioned that 40 GW of thermal generation are at risk of retirement by 2030.!2 PJM also
noted that, while there were then 290 GW of renewable generation capacity in the PJM
interconnection queue, historically, the rate of completion for renewable projects is approximately
five percent.'> PJM determined that the pace of new capacity additions “would be insufficient to
keep up with expected retirements and demand growth by 2030.”'* PJM estimated that, depending
on the pace of new capacity additions, reserve margin erosion would occur between 2026 and
2028.

More recently, in its December 2024 RRI filing with FERC, PJM stated that “[c]oncerns
about resource adequacy . . . have only increased since the Four Rs Report . .. .”!> PJM warned
that its “resource adequacy concerns are increasing at an extraordinary pace.”'® PJM went on to
explain, its “resource adequacy concerns are driven in large part by significant load growth caused
by, among other things, large data centers” and that its preliminary analysis shows “substantial
increases [in load additions] since the 2024 forecast” for both the summer and winter seasons.!”
According to PJM, “load growth and generator retirements are significantly outpacing the entry of
new generation in the PJM Region with this trend expected to continue unabated based on all
available evidence.”!® Although the RRI process will help expedite the construction of needed

19 Seasonal Outlook, NOAA Climate Prediction Ctr., (Aug. 21, 2025),
https://www.cpc.ncep.noaa.gov/products/predictions/long_range/seasonal.php?lead=1.

' PJM Statement on the U.S. Department of Energy 202(c) Order of May 30, PIM (May 31, 2025),
https://www.pjm.com/-/media/DotCom/about-pjm/newsroom/2025-releases/2025053 1-doe-202c-statement-to-defer-
retirements-of-certain-generators.pdf.

12 Four Rs Report, supra n. 4, at 2.

B

14 Id. at 16, Table 1.

15 PJM Interconnection, L.L.C., FERC Docket No. ER25-712, Tariff Revisions for Reliability Resource Initiative at
10 (Dec. 13, 2024).

16 1d.

171d. at 10-11. See also id. at 13 (“the exponential load growth resulting from development of new data centers and
the intense energy needs of Artificial Intelligence technology overshadows any relaxation in the pace of fossil fuel
generation retirements...”).

18 1d. at 14.
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new capacity, it is unlikely to result in the addition of any new generation capacity in the next few
19
years.

In support of the RRI filing, PJM submitted an affidavit from Donald Bielak, PJM’s
Director, Interconnection Planning. Mr. Bielak characterized the increase in forecasted load
growth throughout PJM as “extraordinary” and “unprecedented,” stating that it “could not have
been foreseen as recently as a year ago.”?° Mr. Bielak expressed the opinion that the “rapid”
retirement of thermal generation resources, “extreme” forecasted load growth, and “delays in new
generation resources achieving commercial operation,” would adversely affect resource adequacy
throughout PJM’s electricity grid.?!

The North American Electric Reliability Corporation (NERC) has raised similar concerns.
According to NERC’s 2024 Long Term Reliability Assessment, “PJM could face future resource
adequacy challenges, impacting system reliability and PJM’s ability to serve load.”?> NERC
assessed the PJM region at an elevated risk starting in 2026,% explaining that “[r]esource additions
are not keeping up with generator retirements and demand growth.”?* NERC stated that the loss-
of-load hour (LOLH) and expected unserved energy (EUE) risks are concentrated in the winter
months (especially January), in both 2026 and 2028.%

Order 202-25-4 was preceded by executive orders on January 20, 2025, and April 8, 2025,
in which President Donald J. Trump underscored the dire energy challenges facing the Nation due
to growing resource adequacy concerns. Specifically, in Executive Order 14262, “Strengthening
the Reliability and Security of the United States Electric Grid,” President Trump emphasized that
“the United States is experiencing an unprecedented surge in electricity demand driven by rapid
technological advancements, including the expansion of artificial intelligence data centers and
increase in domestic manufacturing.”® President Trump likewise recognized, in Executive Order
14156, “Declaring a National Energy Emergency,” that the “United States’ insufficient energy
production, transportation, refining, and generation constitutes an unusual and extraordinary threat
to our Nation’s economy, national security, and foreign policy.”?” The Executive Order adds:
“Hostile state and non-state foreign actors have targeted our domestic energy infrastructure,

19 See id., Attachment C (Affidavit of Mr. Donald Bielak) q 18-19 (explaining that projects studied in Transition
Cycle #2, which includes RRI projects, “could be constructed and in commercial operation by the 2029/30 Delivery
Year or sooner.”).

0 1d. at 12.

21 Id. at 7.

22 2024 Long-Term Reliability Assessment, North American Electric Reliability Corporation at 92 (Dec. 2024),
https://www.nerc.com/pa/RAPA/ra/Reliability%20Assessments%20DL/NERC Long%20Term%20Reliability%20
Assessment 2024.pdf at 92.

BId. at4.

XId at7].

% Id. at 91-92.

26 Executive Order No. 14262, 90 Fed. Reg. 15521 (Apr. 8, 2025) (Strengthening the Reliability and Security of the
United States Electric Grid), https://www.whitehouse.gov/presidential-actions/2025/04/strengthening-the-
reliabilityand-security-of-the-united-states-electric-grid/.

27 Executive Order No. 14156, 90 Fed. Reg. 8433 (Jan. 20, 2025) (Declaring a National Energy Emergency),
https://www.whitehouse.gov/presidential-actions/2025/01/declaring-a-national-energy-emergency/.
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weaponized our reliance on foreign energy, and abused their ability to cause dramatic swings
within international commodity markets.”?

The Department of Energy’s (Department) July 2025 Resource Adequacy Report:
Evaluating the Reliability and Security of the United States Electric Grid, issued pursuant to the
President’s directive in Executive Order 14262, details the myriad challenges affecting the
Nation’s energy outlook. It concludes, “Absent decisive intervention, the Nation’s power grid will
be unable to meet projected demand for manufacturing, re-industrialization, and data centers
driving artificial intelligence (AI) innovation.”? The prolific growth of data centers for the
development of Al, as well as their immense energy needs, presents a new and unexpected source
of load growth. For example, PPL Electric Utilities has 11.7 GW of advanced data center requests
in Pennsylvania through to 2030.3° As of December 2024, Dominion Energy has 40.2 GW of
contracted data center capacity, which is an 18.2 GW increase over the amount from July 2024, an
approximately 88% increase.’! Regarding the PJIM region, the Department’s analysis performed
this year in collaboration with the national labs modeled the effects of approximately 25 GW of
load growth in PJM, of which 15 GW came from data centers, as well as approximately 17 GW of
announced coal, gas, and oil generation retirements.>> Under these assumptions, the model
estimated approximately 430.3 loss of load hours in an average weather year. Under worst weather
year assumptions, the model estimated 1,052 loss of load hours and a max unserved load hours of
approximately 21.335 GW.*?

Grid operators, including PJM, have likewise acknowledged the Nation’s current energy
crisis. For instance, during a March 25, 2025, hearing before the United States House of
Representatives Committee on Energy and Commerce, Manu Asthana, President and CEO, PIM,
testified that there was a “growing resource adequacy concern . . . impacting a significant part of
our country.”* Mr. Asthana explained that the “rate of electricity demand is anticipated to
increase significantly in the future due to development of large data centers in the PJM service
Area ... [and] increases in demand coming from the transportation and heating sectors and from
industrial growth.”*> Mr. Asthana noted that, “though various reforms instituted by PJM had
succeeded in bringing new generation online and preventing the retirement of existing units,
supply conditions within PJM are still tightening.” Therefore, Mr. Asthana stated that PJM

8 Id.

2 See also Resource Adequacy Report: Evaluating the Reliability and Security of the United States Electric Grid,
U.S. Department of Energy (July 2025), at 1, https://www.energy.gov/sites/default/files/2025-
07/DOE%20Final%20E0%20Report%20%28FINAL%20JULY %207%29.pdf.

80 See PPL Corporation Q2 2025 Investor Update, PPLC Corporation (July 31, 2025) at 7,
https://filecache.investorroom.com/mr5ir_pplweb2/1245/PPL_2025 Q2 Investor Update vFINAL.pdf

%1 See Dominion Energy Virginia, Q4 2024 Earnings Call (Feb. 12, 2025), at 18,
https://s2.q4cdn.com/510812146/files/doc_financials/2024/q4/2025-02-12-DE-IR-4Q-2024-earnings-call-slides-
vTCILpdf.

%2 Resource Adequacy Report: Evaluating the Reliability and Security of the United States Electric Grid, U.S.
Department of Energy (July 2025), at 28, https://www.energy.gov/sites/default/files/2025-
07/DOE%20Final%20E0%20Report%20%28FINAL%20JULY %207%29.pdf.

3 1d. at 27.

34 Asthana Test. at 4.

3 Id.
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“encourage[s] all generation owners who have signaled an intent to retire their units to reconsider
their decision to support resource adequacy and grid reliability.”3

ORDER

FPA section 202(c)(1) provides that whenever the Secretary of the Department of Energy
determines “that 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,” then the Secretary has the authority “to require by order . . . such generation, delivery,
interchange, or transmission of electric energy as in its judgment will best meet the emergency and
serve the public interest.”®” This statutory language constitutes a specific grant of authority to the
Secretary to require the continued operation of the Eddystone Units when the Secretary has
determined that such continued operation will best meet an emergency caused by a sudden increase
in the demand for electric energy or a shortage of generation capacity.

Such is the case here. As described above, the emergency conditions resulting from
increasing demand and accelerated retirements of generation facilities supporting the issuance of
Order No. 202-25-4 will continue in the near term and are also likely to continue in subsequent
years. This could lead to the potential loss of power to homes and local businesses in the areas
that may be affected by curtailments or outages, presenting a risk to public health and safety.
Given the responsibility of PJM to identify and dispatch generation necessary to meet load
requirements, I have determined that, under the conditions specified below, continued additional
dispatch of the Eddystone Units is necessary to best meet the emergency and serve the public
interest under FPA section 202(c).

To ensure the Eddystone Units will be available if needed to address emergency conditions,
the Eddystone Units shall remain in operation until November 26, 2025.%

Based on my determination of an emergency set forth above, I hereby order:

A. From 5:03PM EDT on August 28, 2025, PJM and Constellation Energy shall take all
measures necessary to ensure that the Eddystone Units are available to operate. For
the duration of this Order, PJM is directed to take every step to employ economic
dispatch of the Eddystone Units to minimize cost to ratepayers. Constellation Energy
is directed to comply with all orders from PJM related to the availability and dispatch
of the Eddystone Units.

B. To minimize adverse environmental impacts, this Order limits operation of dispatched
units to the times and within the parameters as determined by PJM pursuant to
paragraph A. PJM shall provide a daily notification to the Department (via
AskCR@hq.doe.gov) reporting whether the Eddystone Units has operated in

36 Id. at 10.

37 Although the text of FPA section 202(c) grants this authority to “the Commission,” section 301(b) of the
Department of Energy Organization Act transferred this authority to the Secretary of the Department of Energy. See
42 U.S.C. § 7151(b) (2018).

3816 U.S.C. § 824a(c)(4).
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compliance with the allowances contained in this Order.

. All operation of the Eddystone Units must comply with applicable environmental
requirements, including but not limited to monitoring, reporting, and recordkeeping
requirements, to the maximum extent feasible while operating consistent with the
emergency conditions. This Order does not provide relief from any obligation to pay
fees or purchase offsets or allowances for emissions that occur during the emergency
condition or to use other geographic or temporal flexibilities available to generators.

. By September 12, 2025, PJM is directed to provide the Department of Energy (via
AskCR@hq.doe.gov) with information concerning the measures it has taken and is
planning to take to ensure the operational availability of the Eddystone Units consistent
with this Order. PJM shall also provide such additional information regarding the
environmental impacts of this Order and its compliance with the conditions of this
Order, in each case as requested by the Department of Energy from time to time.

. Constellation Energy is directed to file with the Federal Energy Regulatory
Commission Tariff revisions or waivers to effectuate this Order. Rate recovery is
available pursuant to 16 U.S.C. § 824a(c).

. This Order shall not preclude the need for the Eddystone Units to comply with
applicable state, local, or Federal law or regulations following the expiration of this
Order.

. Because this Order is predicated on the shortage of facilities for generation of electric
energy and other causes, the Eddystone Units shall not be considered capacity
resources.

. This Order shall be effective from 5:03 PM Eastern Daylight Time (EDT) on August
28, 2025, and shall expire at 00:00 EST on November 26, 2025, with the exception of
applicable compliance obligations in paragraph D.

Issued in Washington, D.C., at 7:11 PM Eastern Daylight Time on this 27th day of
August 2025.

(Ausn Vnighs

Chris Wright
Secretary of Energy
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Commissioner Kathryn L. Zerfuss
Commissioner John F. Coleman, Jr.
Commissioner Ralph V. Yanora
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Michigan

© This article is more than 1 month old

Trump order to keep Michigan power plant
open costs taxpayers $113m

Critics say JH Campbell coal-fired plant in western Michigan
is expensive and emits high levels of toxic pollution

0 The JH Campbell coal-fired power plant in West Olive, Michigan. Photograph: Jim West/UCG/Universal
Images Group via Getty Images

Tom Perkinsin Detroit, Michigan
Fri 28 Nov 2025 08.00 EST

Trump administration orders to keep an ageing, unneeded Michigan coal-
fired power plant online has cost ratepayers from across the US midwest
about $113m so far, according to estimates from the plant’s operator and
regulators.

Still, the US energy department last week ordered the plant to remain open
for another 90 days.

The Trump administration in May ordered utility giant Consumers Energy to
keep the 63-year-old JH Campbell coal plant in western Michigan, about 100
miles north-east of Chicago, online just as it was being retired.

The order has drawn outrage from consumer advocates and environmental
groups who say the plant is expensive and emits high levels of toxic air
pollution and greenhouse gas.

The costs will be spread among households across the northern and central
regional Miso grid, which stretches from eastern Montana to Michigan, and
includes nine other states

“The costs of unnecessarily running this jalopy coal plant just continue to
mount,” said Michael Lenoff, an attorney with Earthjustice, which is suing
over the order.

Gary Rochow, Consumers Energy’s CEO, told investors in a 30 October
earnings call that the Trump administration in its order stated that
ratepayers should shoulder the costs, and detailed how the company should
pass on the costs.


https://www.theguardian.com/us-news/michigan
https://www.theguardian.com/profile/tom-perkins
https://d18rn0p25nwr6d.cloudfront.net/CIK-0000811156/2ded8761-a31d-4ff2-8e10-c26bc8a1eaf8.pdf
https://www.theguardian.com/us-news/2025/jun/20/trump-michigan-coal-power-plants
https://www.theguardian.com/us-news/michigan
https://finance.yahoo.com/quote/CMS/earnings/CMS-Q3-2025-earnings_call-369203.html
https://finance.yahoo.com/quote/CMS/earnings/CMS-Q3-2025-earnings_call-369203.html

“That order from the energy department has laid out a clear path to cost
recovery,” Rochow said.

The utility has said in regulatory filings that the order is costing customers
about $615,000 per day. The order has been in place for around six months.

Michigan attorney general Dana Nessel filed a motion for a stay in federal
court, alleging the administration’s latest order is “arbitrary and illegal”.

The coal plant is one of two in Michigan that the Trump administration has
moved to keep open under the president’s controversial national energy
emergency executive order, which is being challenged in court by multiple
lawsuits.

The other plant is not scheduled to close for two years. The two factories
emit about 45% of the state’s greenhouse gas pollution.

Trump has also used his emergency energy order to keep gas plants near
Baltimore and Philadelphia online.

Consumers Energy said it did not ask for Campbell to remain open. The
Trump administration did not consult local regulators, a spokesperson for
the Michigan public service commission (MPSC), which regulates utilities
and manages the state’s grid, told the Guardian in May.

“The unnecessary recent order ... will increase the cost of power for homes
and businesses in Michigan and across the midwest,” the chair of the MPSC,
Dan Scripps, said in a statement at the time.

The latest figures proved Scripps correct.

In May, an energy department spokesperson insisted in a statement that
retiring the coal plants “would jeopardize the reliability of our grid systems™.

But regulatory data from Miso and the MPSC over the last six months shows
that statement was wrong.

The Miso grid had excess power far above what Campbell provided during
peak demand this summer. And the plant often was not operating at full
capacity, likely because its power was not needed, advocates say. But the
plant still costs ratepayers even when not operating at capacity.

The energy department did not immediately respond to a request for
comment on the data showing it was not necessary to keep the plant open.

Campbell and Michigan’s other coal plant that the Trump administration is
aiming to keep online release high levels of carbon dioxide, sulfur dioxide
and particulate matter into the air. Meanwhile, their coal ash ponds leach
arsenic, lead, lithium, radium and sulfate into local drinking water and the
Great Lakes.

Consumers Energy had since 2021 been planning for the Campbell’s closure
as required by the state’s energy plan. The company said the plant’s closure
would save ratepayers in the state about $600m by 2040.

At this unsettling time

We hope you appreciated this article. Before you close this tab, we want to ask if you
could support the Guardian at this crucial time for journalism in the US.

In his first presidency, Donald Trump called journalists the enemy; a year on from
his second victory, it’s clear that this time around, he’s treating us like one.

From Hungary to Russia, authoritarian regimes have made silencing independent
media one of their defining moves. Sometimes outright censorship isn’t even
required to achieve this goal. In the United States, we have seen the administration
apply various forms of pressure on news outlets in the year since Trump’s election.
One of our great disappointments is how quickly some of the most storied US media


https://d18rn0p25nwr6d.cloudfront.net/CIK-0000811156/2ded8761-a31d-4ff2-8e10-c26bc8a1eaf8.pdf
https://www.michigan.gov/ag/news/press-releases/2025/11/20/ag-nessel-files-motion-to-halt-doe
https://www.theguardian.com/us-news/2025/jan/20/trump-executive-order-energy-emergency
https://www.theguardian.com/us-news/2025/jan/20/trump-executive-order-energy-emergency
https://www.theguardian.com/us-news/trump-administration
https://www.energy.gov/sites/default/files/2025-09/Public%20Interest%20Organizations%27%20Request%20for%20Rehearing%20of%20Order%20202-25-7.pdf
https://www.theguardian.com/environment/energy

organizations have folded when faced with the mere specter of hostility from the
administration - long before their hand was forced.

While private news organizations can choose how to respond to this government’s
threats, insults and lawsuits, public media has been powerless to stop the defunding
of federally supported television and radio. This has been devastating for local and
rural communities, who stand to lose not only their primary source of local news
and cultural programming, but health and public safety information, including
emergency alerts.

While we cannot make up for this loss, the Guardian is proud to make our fact-based
work available for free to all, especially when the internet is increasingly flooded
with slanted reporting, misinformation and algorithmic drivel.

Being free from billionaire and corporate ownership means the Guardian will never
compromise our independence - but it also means we rely on support from readers
who understand how essential it is to have news sources that are immune to
intimidation from the powerful. We know our requests for support are not as
welcome as our reporting, but without them, it’s simple: our reporting wouldn’t
exist. Of course, we understand that some readers are not in a position to support
us, and if that is you, we value your readership no less.
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ENERGY & OIL

U.S. Frackers and Saudi Officials Tell
Trump They Won’t Drill More

President says lower prices will solve many of the country’s problems
but finds early resistance in the oil market

By Collin Eaton , Benoit Faucon and Benoit Morenne

Feb. 3,20255:30am ET

Pump jacks operating in a field near Hays, Kan. CHARLIE RIEDEL/AP

President Trump wants to boost oil drilling. His allies in the U.S. shale industry and

Saudi Arabia are pushing back.

Trump for months has encouraged the U.S. shale industry to “drill, baby drill,” but
another American oil boom isn’t in the cards soon, no matter how many regulations

are rolled back, according to oil executives. After many producers overdrilled
themselves into bankruptcy during the shale boom’s heyday, the industry is now
focused on keeping costs down and returning cash to investors.

The president’s advisers concede that U.S. frackers won’t pump much more,
according to people familiar with the matter. The advisers say his best lever to bring
down prices might be to persuade the Organization of the Petroleum Exporting
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Countries and Saudi Arabia, the group’s de facto leader, to add more barrels to the

market.

But Saudi Arabia has told former U.S. officials that it also is unwilling to augment

global oil supplies, say people familiar with the matter. Some of those former officials

have shared the message with Trump’s team.

The president believes a fresh tidal wave of oil would solve many of his problems: It
could quell inflation and pave the way for interest-rate cuts. It could also strengthen
his hand in coming confrontations with petrostates Russia and Iran.

In a January speech, Trump said he planned to ask Saudi Arabia and other OPEC
members to bring down oil prices. The president is planning to visit the kingdom in
one of his first foreign trips of his second term, and he is expected to push for higher
Saudi oil production in person.

Trump’s fixation on oil prices is vexing to some in the industry. Currently around $73
a barrel, prices are relatively low compared with 2022, when they averaged over $94 a
barrel and the national average gasoline price hit a record over $5 a gallon. Gasoline
prices are averaging $3.10. The president has declared a national “energy emergency”
and vowed to cut Americans’ overall energy costs in half.

Keith Kellogg, Trump’s special envoy to Ukraine and Russia, has said global producers
should try slashing oil prices to $45 a barrel, to pressure Russia into ending the war
with Ukraine.

Such prices could be disastrous for
U.S. frackers and Saudi Arabia—
Trump’s two most powerful friends
in the global oil market. The last

time prices sank below $45, during

the pandemic in 2020, it prompted a
painful war for market share
between Saudi Arabia and Russia

and pushed dozens of shale drillers

Keith Kellogg, the president’s special envoy to
Ukraine and Russia SIAVOSH HOSSEINI/ZUMA PRESS

into bankruptcy.

At lower oil prices, Saudi Arabia
would struggle to generate enough revenue to pay for social services, monthly
payments to citizens and big infrastructure projects. It will need about $90 a barrel
this year to balance its budget, according to the International Monetary Fund.
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There is a clash coming between Trump and Saudi Arabia over oil prices, one of the
former U.S. officials said.

Trump’s advisers have told some oil-and-gas donors they understand the president
can’t rely on U.S. frackers to boost production in the short term, people familiar with
the discussions said.

“Companies are no longer pursuing growth at all costs,” said Kaes Van’t Hof,
president of West Texas oil producer Diamondback Energy. “Shale is in a much

different phase of its life cycle.”

Longer term, the advisers say Trump’s support of U.S. oil and gas—including by
scrapping environmental regulations—will make the sector more appealing to
investors. That, in turn, would lead to more capital flowing into the industry and
eventually increase output. Making it easier to build pipelines and other
infrastructure could also increase fossil-fuel demand, potentially spurring drilling,
the advisers say.

Aspirations to marginally boost U.S. output over time aren’t completely unrealistic,
said Ed Crooks, vice chairman, Americas, at energy consulting firm Wood Mackenzie.
It depends on whether the administration is able to improve the economics of
production, but it could take years and would pale in comparison to shale’s boom
years.

Among Trump’s early regulatory changes, “we don’t see anything that will make a

colossal difference to the economics of production,” Crooks said.

Oil executives said they expect U.S. production, which is already at record levels, to
grow modestly this year, unless prices surge. The Energy Department projects
domestic output will rise about 2% to about 13.7 million barrels a day by December,
and then stay relatively flat in 2026.

That level of production would do little to sate Trump’s immediate appetite for a
gusher of oil. It might also hamper his ability to slap oil and gas sanctions on Russia or
Iran, measures that would likely lead to fewer barrels on the market and an increase
in oil prices, undermining Trump’s promise to voters.

Before the inauguration, Trump’s transition team told people that he intended to go
to Saudi Arabia to secure assurances they would step in to fill the gap if he ramps up
pressure on Iran. Trump’s team has estimated Iran’s exports could be reduced by
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500,000 to 750,000 barrels a day from sanctions under consideration, according to

people familiar with the matter.

Storage tanks, as seen several years ago, at an Aramco oil facility in Saudi Arabia. AMR NABIL/AP

The sanctions discussed if Iran doesn’t curb its nuclear program include targeting
Chinese ports that import Iran’s oil, Iraqi oil deals with Iran and other places used to
facilitate the transfer of Iranian oil.

Two former U.S. officials were told the kingdom would be reluctant to rush to boost
production because they were weary of a repeat of the 2019 oversupply.

That year, the Trump administration asked the kingdom to anticipate the return of
the Iran embargo by opening up the spigots. But Trump surprised the Saudis by
allowing exemptions for some Iranian oil buyers in Asia—leading to an oil glut and

lower prices.

Another factor is that the Saudis say privately they need Russia’s involvement in
OPEC+—an alliance between the cartel and other producers, including Russia—to
prop up prices.

The Saudi government is also giving priority to peaceful relations with Iran, an about-
face from their adversarial attitude back in 2018. Back then, the Saudis opposed the
nuclear agreement and backed sanctions. Now, the kingdom wants to be part of
nuclear negotiations rather than lobbying against them, Saudi officials say.

Write to Collin Eaton at collin.eaton@wsj.com, Benoit Faucon at

benoit.faucon@wsj.com and Benoit Morenne at benoit.morenne@wsj.com

Appeared in the February 4, 2025, print edition as "Trump’s Oil Allies Resist His Push to Drill".
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Further Reading

A Big Oil Case at the Supreme Court

U.S. Push Into Venezuela Oil Patch Raises Questions About OPEC Dynamic

Trump Team Works Up Sweeping Plan to Control Venezuelan Oil for Years to Come

Trump’s Hint to Oil Executives Weeks Before Maduro Ouster: ‘Get Ready’

Citgo Is a Crown Jewel of Venezuela’s Oil Industry. Elliott Is Set to Reap the Benefits.
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Department of Energy
Washington, DC 20585

Order No. 202-25-10

Pursuant to the authority vested in the Secretary of Energy by section 202(c) of the Federal
Power Act (FPA),! and section 301(b) of the Department of Energy Organization Act,” and for the
reasons set forth below, I hereby determine that an emergency exists in the PJM Interconnection,
L.L.C. (PJM) region due to a shortage of electric energy, a shortage of facilities for the generation
of electric energy, and other causes. Issuance of this Order will meet the emergency and serve the
public interest.

Order Nos. 202-25-4 and 202-25-8

The Eddystone Generating Station is a power plant owned by Constellation Energy
Corporation (Constellation Energy) and located in Eddystone, PA. Units 3 and 4 (Eddystone
Units), each with 380 MW of generation capacity, are subcritical steam boiler-turbine generator
units that can run on either natural gas or oil, depending on market conditions. The Eddystone
Units were initially scheduled for retirement on May 31, 2025.

Order No. 202-25-4, issued pursuant to FPA section 202(c), required that the Eddystone
Units remain in operation for 90 days, until August 28, 2025. Subsequently, Order No. 202-25-8,
issued pursuant to FPA section 202(c), required the Eddystone Units remain in operation for 90
days, until November 26, 2025. Those orders were based on my determination that emergency
conditions existed in the PJM region. I explained that there was a potential shortage of electric
energy and a shortage of facilities for generation of electric energy. I stated that the potential loss
of power to homes and local businesses presents a risk to public health and safety. I determined
that the operational availability and economic dispatch of the Eddystone Units was necessary to
best meet the emergency and serve the public interest. My determination was based on a number
of different facts.

First, in congressional testimony, PJM’s president and CEO recently stated that its system
faces a “growing resource adequacy concern” due to load growth, the retirement of dispatchable
resources, and other factors.> Through 2030, PJM anticipates reliability risk from increasing
electricity demand, generator retirement outpacing new resource construction, and characteristics

116 U.S.C. § 824a(c).

242 US.C. § 7151(b).

3 Keeping the Lights On: Examining the State of Regional Reliability, Before the H. Comm. on
Energy and Com., S. Comm. on Energy, 119th Cong. (Mar. 25, 2025) (testimony of Mr. Manu
Asthana, President and CEO of PJM) (Asthana Test.) at 4-5, available at
https://www.congress.gov/119/meeting/house/118040/witnesses/HHRG-119-IF03-Wstate-
AsthanaM-20250325.pdf.
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of resources in PJM’s interconnection queue.* Upcoming retirements, including the planned

retirement of the Eddystone Units, would exacerbate these resource adequacy issues.

Second, PJM indicated that resource constraints could exist within its service territory
under peak load conditions, stating that “available generation capacity may fall short of required
reserves in an extreme planning scenario.”” In its February 2023 assessment “Energy Transition
in PJM: Resource Retirements, Replacements & Risks (Four Rs Report),” PJM highlighted
increasing reliability risks in the coming years due to the “potential timing mismatch between
resource retirements, load growth and the pace of new generation entry” under “low new entry”
scenarios for renewable generation. ®

Third, in December 2024, PJM filed revisions with the Federal Energy Regulatory
Commission (FERC) to Part VII of its Open Access Transmission Tariff, known as the Reliability
Resource Initiative (RRI), to address near-term resource adequacy concerns. In a February 2025
order, FERC accepted the revisions and found “the possibility of a resource adequacy shortfall
driven by significant load growth, premature retirements, and delayed new entry.”’

Continuing Emergency Conditions

The emergency conditions that led to the issuance of Order No. 202-25-4 and Order No.
202-25-8 continue, both in the near and long term.® The production of electricity from the
Eddystone Units will continue to be critical to maintaining reliability in PJM over the coming
winter months. According to U.S. Environmental Protection Agency data, the Eddystone Units

4 Id.; see also PJM Interconnection, L.L.C., 190 FERC 9 61,084, at P 15 (2025) (PJM
Interconnection) (PJM states that, in 2023, “it found that generator retirements, load growth, the
pace of new entry, and the operating characteristics of the intermittent and limited duration
resources that make up a large part of PJM's interconnection queue pose increasing reliability risks
through 2030.”).

> PJM Summer Outlook 2025: Adequate Resources Available for Summer Amid Growing Risk,
PIM. (May 9, 2025), https://insidelines.pjm.com/pjm-summer-outlook-2025-adequate-resources-
available-for-summer-amid-growing-risk/.

6 Energy Transition in PJM: Resource Retirements, Replacements & Risks, PJM (Four Rs

Report) at 1, (Feb. 24, 2023), https://www.pjm.com/-/media/DotCom/library/reports-
notices/special-reports/2023/energy-transition-in-pjmresource-retirements-replacements-and-
risks.ashx.

7 PJM Interconnection, 190 FERC 9 61,084 at P 14.

8 Further, it likely would be difficult for the oil-fired units to resume operations once retired.
Specifically, practical issues, such as employment, contracts, and permits, may greatly increase
the timeline for resumption of operations during the period they are needed. Further, if
Constellation Energy were to begin disassembling the units or other related facilities, the
associated challenges would be greatly exacerbated. Thus, continued operation is required in such
cases so long as the Secretary determines that an emergency exists.
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generated 26,434 MWh between June 2025 and September 2025,° providing vital generation
capacity to the region. Over the course of the summer, PJM issued Hot Weather Alerts and/or
Maximum Generation Alerts (EEA 1) to manage grid reliability covering a total of 20 days,
including days in June, July, and August.'°

PJM’s resource adequacy concerns are well documented. In January 2025, PJM reached a
new record peak for winter demand, exceeding the previous winter peak set in 2015 ' and in PIM’s
2025 Long-Term Load Forecast, PIM noted that “20-year annualized growth rate in the 2025
Long-Term Load Forecast for the winter peak is up to 2.4%.” 2 Further, PIM’s risk profile
continues to shift from the summer season to the winter season. For example, in a March 2025
presentation, PJM estimated that 87.8% of the expected unserved energy for the 2025/2026
delivery year falls in the winter season. !>

The evidence also indicates that there is a potential longer term resource adequacy
emergency in the PJM region.

In a news release expressing support for Order No. 202-25-4, PJM explained that it has
“repeatedly documented and voiced its concerns over the growing risk of a supply and demand
imbalance driven by the confluence of generator retirements and demand growth. Such an
imbalance could have serious ramifications for reliability and affordability for consumers.” '

? See Custom Data Download, EPA CAMPD (Clean Air Markets Program Data),
https://campd.epa.gov/data/custom-data-download (search criteria Emissions >> Monthly >>
Unit (default) >>Apply >>“2025" and “June, July, August, September.” The data can then be
filtered to only include the Eddystone Generating Station.

10 See PJIM Emergency Procedures Postings for the period between June 1 and August 31,
Emergency Procedures, https://emergencyprocedures.pjm.com/ep/pages/dashboard.jsf (search
range set to: effective from 06/01/2025 until 08/31/2025).

" Jan. 22 Update: Extreme Cold Produces PJM Record for Winter Electricity Demand, PJM (Jan.
22, 2025), https://insidelines.pjm.com/jan-22-update-extreme-cold-produces-pjm-record-for-
winter-electricity-demand/.

122025 Long-Term Load Forecast Report Predicts Significant Increase in Electricity Demand,
PJM Interconnection, L.L.C. (Jan. 30, 2025), https://insidelines.pjm.com/2025-long-term-load-
forecast-report-predicts-significant-increase-in-electricity-demand/.

132026/27 BRA IRM, FPR, and ELCC Class Ratings: Shift Towards More Winter Risk, PIM
Resource Adequacy Planning Special Planning Committee, at 8 (Mar. 13, 2025),
https://www.pjm.com/-/media/DotCom/committees-groups/committees/pc/2025/20250313-
special/2026-2027-irm-fpr-elcc-and-winter-risk.pdf.

4 PJM Statement on the U.S. Dept. of Energy 202(c) Order of May 30, PIM Interconnection,
L.L.C. (May 31, 2025), https://insidelines.pjm.com/pjm-statement-on-the-u-s-department-of-
energy-202c-order-of-may-30/. Further, PJM concluded, “In light of these concerns, PIM
supports the U.S. Department of Energy’s Order, issued May 30, pursuant to Section 202(c) of
the Federal Power Act, to defer the retirements of certain generators operating in PJM’s
footprint . . ..” Id.
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PJM has indeed voiced these concerns for years. In its February 2023 Four Rs Report, PIM
cautioned that 40 GW of thermal generation are at risk of retirement by 2030.'> PJM also noted
that, while there were then 290 GW of renewable generation capacity in the PJM interconnection
queue, historically, the rate of completion for renewable projects is approximately five percent. '°
PJM determined that the pace of new capacity additions “would be insufficient to keep up with
expected retirements and demand growth by 2030.”!7 PJM estimated that, depending on the pace
of new capacity additions, reserve margin erosion would occur between 2026 and 2028.

More recently, in its December 2024 RRI filing with FERC, PJM stated that “[c]oncerns
about resource adequacy . . . have only increased since the Four Rs Report . . ..”'® PJM warned
that its “resource adequacy concerns are increasing at an extraordinary pace.”!° PJM went on to
explain, its “resource adequacy concerns are driven in large part by significant load growth caused
by, among other things, large data centers” and that its preliminary analysis shows “substantial
increases [in load additions] since the 2024 forecast” for both the summer and winter seasons. >’
According to PJM, “load growth and generator retirements are significantly outpacing the entry of
new generation in the PJM Region with this trend expected to continue unabated based on all
available evidence.”?! Although the RRI process will help expedite the construction of needed
new capacity, it is unlikely to result in the addition of any new generation capacity in the next few
years. 2

In support of the RRI filing, PJM submitted an affidavit from Donald Bielak, PIM’s
Director, Interconnection Planning. Mr. Bielak characterized the increase in forecasted load
growth throughout PJM as “extraordinary” and “unprecedented,” stating that it “could not have
been foreseen as recently as a year ago.”? Mr. Bielak expressed the opinion that the “rapid”
retirement of thermal generation resources, “extreme” forecasted load growth, and “delays in new
generation resources achieving commercial operation,” would adversely affect resource adequacy
throughout PJM’s electricity grid. **

15 Four Rs Report at 2.

1614

'71d. at 16, Table 1.

18 PJM Interconnection, L.L.C., FERC Docket No. ER25-712, Tariff Revisions for Reliability
Resource Initiative at 10 (Dec. 13, 2024).

¥ 1d.

20 Id. at 10-11. See also id. at 13 (“the exponential load growth resulting from development of
new data centers and the intense energy needs of Artificial Intelligence technology overshadows
any relaxation in the pace of fossil fuel generation retirements . . . .”).

21 1d. at 14.

22 See id., Attachment C (Affidavit of Mr. Donald Bielak), at PP 18-19 (explaining that projects
studied in Transition Cycle #2, which includes RRI projects, “could be constructed and in
commercial operation by the 2029/30 Delivery Year or sooner.”).

2 Id. at P 10.

241d. at P 12.
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On February 11,2025, FERC accepted PIM’s RRI filing. > In its order on rehearing, FERC
concluded, “PJM identified increasing reliability risks arising in the next few years and significant
resource adequacy issues anticipated by the 2030/31 delivery year. The record supports that these
resource adequacy concerns are likely to manifest.” 2

NERC has raised similar concerns. According to NERC’s 2024 Long Term Reliability
Assessment, “PJM could face future resource adequacy challenges, impacting system reliability
and PJM’s ability to serve load.”?” NERC assessed the PJM region at an elevated risk starting in
2026, 2% explaining that “[r]esource additions are not keeping up with generator retirements and
demand growth.”?’ NERC stated that the loss of-load hour (LOLH) and expected unserved energy
(EUE) risks are concentrated in the winter months (especially January), in both 2026 and 2028.3°

Order Nos. 202-25-4 and 202-25-8 were preceded by executive orders on January 20, 2025,
and April 8, 2025, in which President Donald J. Trump underscored the dire energy challenges
facing the Nation due to growing resource adequacy concerns. Specifically, in Executive Order
14262, “Strengthening the Reliability and Security of the United States Electric Grid,” President
Trump emphasized that “the United States is experiencing an unprecedented surge in electricity
demand driven by rapid technological advancements, including the expansion of artificial
intelligence data centers and increase in domestic manufacturing.”3! President Trump likewise
recognized, in Executive Order 14156, “Declaring a National Energy Emergency,” that the “United
States’ insufficient energy production, transportation, refining, and generation constitutes an
unusual and extraordinary threat to our Nation’s economy, national security, and foreign policy.” ¥
The Executive Order adds: “Hostile state and non-state foreign actors have targeted our domestic
energy infrastructure, weaponized our reliance on foreign energy, and abused their ability to cause
dramatic swings within international commodity markets.” >

25 PJM Interconnection, 190 FERC 961,084 at P 263.

26 PJM Interconnection, L.L.C., 192 FERC 4 61,085, at P 25 (2025).

27 Long-Term Reliability Assessment, North American Electric Reliability Corporation, at 92 (Dec.
2024),
https://www.nerc.com/pa/RAPA/ra/Reliability%20Assessments%20DL/NERC Long%20Term%
20Reliability%20 Assessment 2024.pdf at 92.

2 1d. at 4.

¥ 1d. at7.

30 1d. at 91-92.

31 Executive Order No. 14262, 90 Fed. Reg. 15521 (Apr. 8, 2025) (Strengthening the Reliability
and Security of the United States Electric Grid), https://www.whitehouse.gov/presidential-
actions/2025/04/strengthening-thereliabilityand-security-of-the-united-states-electric-grid/.

32 Executive Order No. 14156, 90 Fed. Reg. 8433 (Jan. 20, 2025) (Declaring a National Energy
Emergency), https://www.whitehouse.gov/presidential-actions/2025/01/declaring-a-national-
energy-emergency/.

3.

Page 5 of 9



The Department of Energy’s (Department) July 2025 Resource Adequacy Report:
Evaluating the Reliability and Security of the United States Electric Grid, issued pursuant to the
President’s directive in Executive Order 14262, details the myriad challenges affecting the Nation’s
energy outlook. It concludes, “Absent decisive intervention, the Nation’s power grid will be unable
to meet projected demand for manufacturing, re-industrialization, and data centers driving artificial
intelligence (AI) innovation.” ** The prolific growth of data centers for the development of Al as
well as their immense energy needs, presents a new and unexpected source of load growth. For
example, PPL Electric Utilities has 11.7 GW of advanced data center requests in Pennsylvania
through to 2030.%> As of December 2024, Dominion Energy has 40.2 GW of contracted data
center capacity, which is an 18.2 GW increase over the amount from July 2024, an approximately
88% increase.*® Regarding the PJM region, the Department’s analysis performed this year in
collaboration with the national labs modeled the effects of approximately 25 GW of load growth
in PJM, of which 15 GW came from data centers, as well as approximately 17 GW of announced
coal, gas, and oil generation retirements. >’ Under these assumptions, the model estimated
approximately 430.3 loss of load hours in an average weather year. Under worst weather year
assumptions, the model estimated 1,052 loss of load hours and a max unserved load of
approximately 21.335 GW. 38

Grid operators, including PJIM, have likewise acknowledged the Nation’s current energy
crisis. For instance, during a March 25, 2025, hearing before the United States House of
Representatives Committee on Energy and Commerce, Manu Asthana, President and CEO, PJM,
testified that there was a “growing resource adequacy concern . . . impacting a significant part of
our country.”® Mr. Asthana explained that the “rate of electricity demand is anticipated to increase
significantly in the future due to development of large data centers in the PJM service
Area . . . [and] increases in demand coming from the transportation and heating sectors and from

34 See also Resource Adequacy Report: Evaluating the Reliability and Security of the United
States Electric Grid, U.S. Department of Energy (July 2025), at 1,
https://www.energy.gov/sites/default/files/2025-
07/DOE%20Final%20EO0%20Report%20%28FINAL%20JULY %207%29.pdf.

35 See PPL Corporation Q2 2025 Investor Update, PPLC Corporation, at 7 (July 31, 2025),
https://filecache.investorroom.com/mrSir pplweb2/1245/PPL 2025 Q2 Investor Update vFIN
AL.pdf

36 See Dominion Energy Virginia, Q4 2024 Earnings Call, at 18 (Feb. 12, 2025),
https://s2.q4cdn.com/510812146/files/doc_financials/2024/q4/2025-02-12-DE-IR-4Q-2024-
earnings-call-slidesvTCILpdf.

37 Resource Adequacy Report: Evaluating the Reliability and Security of the United States
Electric Grid, U.S. Department of Energy, at 28 (July 2025),
https://www.energy.gov/sites/default/files/2025-
07/DOE%?20Final%20EO0%20Report%20%28FINAL%20JULY %207%29.pdf.

38 1d. at 27.

39 Asthana Test. at 4.
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industrial growth.”*’ Mr. Asthana noted that, though various reforms instituted by PJM had
succeeded in bringing new generation online and preventing the retirement of existing units, supply
conditions within PJM are still tightening.*! Therefore, Mr. Asthana stated that PJM “encourage[s]
all generation owners who have signaled an intent to retire their units to reconsider their decision
to support resource adequacy and grid reliability.” *?

Pursuant to section 202(c)(4)(B) of the FPA, the Department has consulted with the primary
Federal agency with expertise in the environmental interest protected by the laws or regulations
that may conflict with this Order. The agency did not submit additional conditions for inclusion
in this Order.

ORDER

FPA section 202(c)(1) provides that whenever the Secretary of the Department of Energy
determines “that 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,” then the Secretary has the authority “to require by order . . . such generation, delivery,
interchange, or transmission of electric energy as in its judgment will best meet the emergency and
serve the public interest.”*> This statutory language constitutes a specific grant of authority to the
Secretary to require the continued operation of the Eddystone Units when the Secretary has
determined that such continued operation will best meet an emergency caused by a sudden increase
in the demand for electric energy or a shortage of generation capacity.

Such is the case here. As described above, the emergency conditions resulting from
increasing demand and shortage from accelerated retirements of generation facilities supporting
the issuance of Order Nos. 202-25-4 and 202-25-8 will continue in the near term and are also likely
to continue in subsequent years. This could lead to the loss of power to homes and local businesses
in the areas affected by curtailments or outages, presenting a risk to public health and safety. Given
the responsibility of PJM to identify and dispatch generation necessary to meet load requirements,
I have determined that, under the conditions specified below, continued additional dispatch of the
Eddystone Units is necessary to best meet the emergency arising from increased demand,
determined shortage, and other causes and serve the public interest under FPA section 202(c).

To ensure the Eddystone Units will be available if needed to address emergency conditions,
the Eddystone Units shall remain in operation until February 24, 2026.*

0 1d.

4 I1d. at 9-10.

2 1d. at 10.

43 Although the text of FPA section 202(c) grants this authority to “the Commission,” section
301(b) of the Department of Energy Organization Act transferred this authority to the Secretary
of the Department of Energy. See 42 U.S.C. § 7151(b).

416 U.S.C. § 824a(c)(4).
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Based on my determination of an emergency set forth above, I hereby order:

A.

From November 26, 2025, PJM and Constellation Energy shall take all measures
necessary to ensure that the Eddystone Units are available to operate. For the duration
of this Order, PJM is directed to take every step to employ economic dispatch of the
Eddystone Units to minimize cost to ratepayers. Constellation Energy is directed to
comply with all orders from PJM related to the availability and dispatch of the
Eddystone Units.

To minimize adverse environmental impacts, this Order limits operation of dispatched
units to the times and within the parameters as determined by PJM pursuant to
paragraph A. PJM shall provide a daily notification to the Department (via
AskCR@hq.doe.gov) reporting whether the Eddystone Units has operated in
compliance with the allowances contained in this Order.

All operation of the Eddystone Units must comply with applicable environmental
requirements, including but not limited to monitoring, reporting, and recordkeeping
requirements, to the maximum extent feasible while operating consistent with the
emergency conditions. This Order does not provide relief from any obligation to pay
fees or purchase offsets or allowances for emissions that occur during the emergency
condition or to use other geographic or temporal flexibilities available to generators.

. By December 11, 2025, PJM is directed to provide the Department of Energy (via

AskCR@hgq.doe.gov) with information concerning the measures it has taken and is
planning to take to ensure the operational availability of the Eddystone Units consistent
with this Order. PJM shall also provide such additional information regarding the
environmental impacts of this Order and its compliance with the conditions of this
Order, in each case as requested by the Department of Energy from time to time.

Constellation Energy is directed to file with the Federal Energy Regulatory
Commission Tariff revisions or waivers to effectuate this Order, as needed. Rate
recovery is available pursuant to 16 U.S.C. § 824a(c).

This Order shall not preclude the need for the Eddystone Units to comply with
applicable state, local, or Federal law or regulations following the expiration of this
Order.

Because this Order is predicated on the shortage of facilities for generation of electric

energy and other causes, the Eddystone Units shall not be considered capacity
resources.
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H. This Order shall be effective from 00:00 PM Eastern Standard Time (EST) on
November 26, 2025, and shall expire at 00:00 EST on February 24, 2026, with the
exception of applicable compliance obligations in paragraph D.

Issued in Washington, D.C. at 2:30PM EST on this 25™ day of November 2025.
(i Wnigha

Chris Wright
Secretary of Energy

FERC Commissioners

Chairman Laura V. Swett
Commissioner David Rosner
Commissioner Lindsay S. See
Commissioner Judy W. Chang
Commissioner David A. LaCerte

Pennsylvania Public Utility Commissioners
Chairman Stephen M. DeFrank
Vice Chair Kimberly M. Barrow

Commissioner Kathryn L. Zerfuss

Commissioner John F. Coleman, Jr.
Commissioner Ralph V. Yanora
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Winter Outlook 2025-2026

National Weather Service Aberdeen, SD National Oceanic and Atmospheric Administration

National Weather Service



El Nino/La Nina are the warm and cool phases of a recurring climate pattern across the
tropical Pacific Ocean that can affect weather worldwide.

>
&

La Nifa: Conditions are present
and favored to persist through
December 2025 - February

2026, with a transition to neutral
likely in January-March 2026 variable
(55% Chance)_ Polar Jet Stream

Current guidance suggests a .
weak and short duration La hm?}?;‘;‘s”j”@
Nina, but still favors cooler and =

wetter conditions for the

Northern Plains

These are typical impacts, but =
every winter is Un|que! Tvpical I_a Niﬁa Impacts
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December-January-February

Seasonal Temperature Outlook
- Warmer-than-average temperatures are favored . Valid: Dec-Jan-Feb 2025-26

from the southern tier of the U.S. to the eastern Issued: October 16, 2025
seaboard and northern Alaska. These
probabilities are strongest along the Southwest
US and most of Florida.

-> Below-average temperatures are slightly
favored from the Pacific Northwest to the
Northern Plains and western Great Lakes
region. Below-average temperatures are also
slightly favored across southern Alaska. The
probabilities are strongest across Montana,
North Dakota and northern Minnesota.

=> The remaining areas have equal chances of
below-, near-, or above-average seasonal mean
temperatures.

..\‘ 7 P
B i
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December-January-February

B _ Seasonal Precipitation Outlook
- Wetter-than-average conditions are most likely . Valid: Dec-Jan-Feb 2025-26

over Montana, and above-average precipitation Issued: October 16, 2025
is also favored in northern and western Alaska,
the Pacific Northwest, the Northern Plains, the
Great Lakes region and Ohio River Valley.

=> The greatest likelihood for drier-than-average
conditions are over the far southeast U.S., but
dryer-than-normal is favored across all of the
southern tier States and southern Alaska.

-> The remaining areas have equal chances of
below-average, near-average or above-average
seasonal total precipitation.

Department of Commerce | National Oceanic and Atmospheric Administration | weather.gov




U.S. Seasonal Drought Outlook

October 16, 2025-January 31, 2026

=> Drought is expected to persist across the
southwest, deep south, and portions of the
northeast.

U.S. Seasonal Drought Outlook
Drought Tendency During the Valid Period

Valid for October 16, 2025 - January 31, 2026
Released October 16, 2025

=> Drought development is likely across the south

central states

-> Drought improvement is expected across the
Pacific Northwest

-> For central South Dakota and west central
Minnesota no drought is expected

Depicts large-scale trends based
on subjectively derived probabilities

3  guided by short- and long-range

statistical and dynamical forecasts.
Use caution for applications that

) can be affected by short lived events.

"Ongoing" drought areas are

/" based on the U.S. Drought Monitor

areas (intensities of D1 to D4).

NOTE: The tan areas imply at least
a 1-category improvement in the
Drought Monitor intensity levels by
the end of the period, although
drought will remain. The green
areas imply drought removal by the

Author: end of the period (DO or none).
Brad Pugh . Drought persists
NOAA/NWS/NCEP Climate Prediction Center Drought remains,
S but improves
Q/[ ‘/\\‘ G Drought removal likely
(;tf“ : : “}\ - Drought development likely
& T3 \ 2
- \ & |:| No drought
: 03(‘,( /:jf]’“va\“% O IgQQ ST Ty - 88 r2
by £ %\% ™ ) Pusm D L
3 | SOPYPIe siands (i )
& ‘ o 5 BN
5 Aaska \/) it —
= https://go.usa.gov/3eZ73
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Local Discussion

Central & Northeast South Dakota Normal Seasonal Snowfall
& West Central Minnesota :
-> Keep In Mind: The outlook does not project seasonal 4

snowfall accumulations as snow forecasts are generally
not predictable more than a week in advance.

o Normal seasonal snowfall values (image right)

range from 30 to 50 inches across eastern South i <

Dakota and west central Minnesota.

-> The winter outlook for this season favors colder than
normal temperatures. 1008

o  This aligns with local studies indicate that ~77% of

the time a weak La Nifna event will result in colder ’

than normal temperatures across our area. =

-> The winter outlook for this season favors above normal

(C) Midwestern Regional Climate Center

precipitation.

o Local studies show precipitation odds are split | Oi1 ] ? | 2i0 %
b(_aEween above and below normal for weak La 0.0 1 10 30 60 100 150 200
Nifia years.

Midwestern Regional Climate Center
Department of Commerce | National Oceanic and Atmospheric Administration | weather.gov



-> The cooler-than-normal temperature outlook for winter
(December-January-February) would be a pattern change
from summer (June-July-August) temperatures which
ranged from near normal to a couple of degrees above

normal.

-> Most of the region experienced a wet summer.

O

With the exception of south central South Dakota,
northeast Campbell and northwest McPherson
counties, summer (June-July-August) featured
above normal precipitation.

Northeast South Dakota and west central Minnesota

received the most summer rainfall.

o

This area accumulated 4 to 10 inches above
normal summer rainfall.

In fact, many locations experienced their wettest
summer on record including: Britton, Watertown,
Milbank, Sisseton, and Wilmot in South Dakota
and White Rock Dam in Minnesota.

Departure from
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(June-July-August)
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-> The entire region has experienced a warm start to fall.

-> Temperatures have ranged from two to six degrees
above normal over the last 45 days (Sept 1-October 15).

o

-> Central South Dakota has has above normal precipitation
(1 to 5 inches above normal) in the last 45 days, while
eastern South Dakota and west central Minnesota have
ranged from 1 to 3 inches below normal for precipitation.

T
5 6

I
4

The cooler-than-normal temperature outlook for
winter (December-January-February) would be a
pattern change from the last 45 day temperature
trends.

[
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Departure from
Normal Temperature
(Setp 1 - Oct 15)
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Midwestern Regional Climate Center

(C) Midwestern Regional Climate Center
Mean period is 1991-2020.
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Winter Preparedness

Regardless of what winter will ultimately
bring for residents of the Northern

Plains, now is the time to prepare! Winter Starm Planning Timeline :
esse e noomeing et W Atewdaysout | The day before [ During & er
weather safety now and during A few days out The day before During & After

scheduled preparedness days: If the forecast calls for winter _ Forecast accuracy continues to . Remain vigilant and stay informed.
° October 22: Winter Weather weather, start preparing now. improve, so keep checking Drive only if necessary.
. the latest.
Preparedness Day in South ‘ ERECR eI oS
Dakota i E:\ Have emergency supplies Adiust plans ey and family
e November 17-21: Winter Weather & for your home & car . Prosert ventiat
. . ‘ roperly ventilate
Preparedness Week in Minnesota Check your smoke and Have multiple ways % emergency heat sources
) carbon monoxide detectors to receive Warnings
The following resources can be used to ggefp gefnerators art] least
: . =0 eet from your home
help Spread the winter Safety mess_age. Replenish fuel for your car Bring pets indoors and 4
e  hitps://www.weather.gov/safety/winter and heating sources 'SF ensure they have water

; % Take it easy when shoveling
° https://www.weather.gov/wrn/winter-sm

You can also follow us on social media weathergov N2

and share our content when appropriate:
e x.com/NWSAberdeen
e www.facebook.com/NWSAberdeen

Department of Commerce | National Oceanic and Atmospheric Administration | weather.gov



Winter Outlook 2025-2026

' : nws.aberdeen@noaa.gov




EXHIBIT 65



TransAlta Signs Long-Term
Agreement for 700 MW at
Centralia Facility Enabling Coal to
Natural Gas Conversion

Facilities

Published on December 9th 2025 | CALGARY, Alberta


https://transalta.com/newsroom/?_category_news=facilities

Highlights

TransAlta to perform coal-to-gas conversion on its Centralia Unit 2 facility in
Washington state, with a planned contracted capacity of 700 MW

The converted facility will deliver reliable power to Puget Sound Energy under
a long-term, 16-year fixed price contract through Dec. 31, 2044

The project is currently projected to deliver a build multiple' of approximately
5.5 times

The converted facility maintains TransAlta's position in its strategic core
jurisdiction of the Pacific Northwest and extends the life of one of its legacy
assets

TransAlta Corporation (TransAlta or the Company) (TSX: TA) (NYSE: TAC) is
pleased to announce that it has signed a long-term tolling agreement (the
Agreement) with Puget Sound Energy, Inc. (PSE) to convert its Centralia Unit 2
facility from coal to natural gas-fired generation. The Agreement provides a fixed-
price capacity payment that provides PSE the exclusive right to the capacity,
energy and ancillary service attributes of, as well as the dispatch rights to, the 700
MW facility.

“Our Centralia facility has a long history of providing reliable and affordable power
in the Pacific Northwest region. We are pleased to extend the useful life of this
asset and support the ongoing reliability needs of PSE and, by extension, its
customers” said John Kousinioris, President and Chief Executive Officer.

“The facility is scheduled to cease coal-fired generation at the end of 2025, and
the conversion to natural gas will lower the emission intensity profile of the facility
by approximately 50 per cent. We are grateful for the constructive and solution-
oriented engagement we have received from the Department of Ecology and other
state and local regulatory bodies through the development of this project and we
are well positioned to receive required regulatory approvals in a timely manner.
This project demonstrates the valuable role that legacy assets can play in
supporting the State's clean energy laws and system reliability in a cost effective
and timely fashion,” added Mr. Kousinioris.



“When the facility re-enters operations, it will generate long-term contracted cash
flow for TransAlta, earning a full return on and of capital within the contract term.
The Company is well positioned to execute this project given our deep technical,
operational and engineering experience gained in previous coal-to-gas
conversions,” concluded Mr. Kousinioris.

Approximately US$600 million of capital expenditures will be required to extend the
useful life of the facility and convert it from coal to natural gas-fired generation,
delivering an anticipated build multiple' of approximately 5.5 times. The target
commercial operation date is late-2028 and the facility will operate until the end of
2044 under the terms of the Agreement. TransAlta anticipates declaring a final
investment decision (FID) after receipt of all required approvals in early 2027. The
Agreement is subject to customary regulatory approvals, including PSE receiving
satisfactory approval from the Washington Utilities and Transportation

Commission.

1 Build multiple is a non-IFRS ratio which is calculated using capital expenditures
and adjusted EBITDAZ2. We believe build multiple provides investors with a useful
measure to evaluate capital projects. Readers are cautioned that our method for
calculating build multiple may differ from methods used by other entities.
Therefore, it may not be comparable to similar measures presented by other
entities.

2 Adjusted EBITDA is a non-IFRS measure. It does not have any standardized
meaning under IFRS and therefore may not be comparable to similar measures
presented by other entities. Adjusted EBITDA is calculated by adjusting earnings
before income taxes for certain items that may not be reflective of ongoing
business performance. Please refer to the “Non-IFRS and Supplementary Financial
Measures” section of our management’s discussion and analysis for the three and
nine months ended September 30, 2025 (*“MD&A") for more information about the
non-IFRS measures we use, including a reconciliation of adjusted EBITDA to
earnings before income tax, the most directly comparable IFRS measure, which
section of the MD&A is incorporated by reference herein. The MD&A can be found
on SEDAR+ (www.sedarplus.ca) under TransAlta's profile.

About TransAlta Corporation:

TransAlta owns, operates and develops a diverse fleet of electrical power
generation assets in Canada, the United States and Australia with a focus on long-
term shareholder value. TransAlta provides municipalities, medium and large
industries, businesses and utility customers with affordable, energy efficient and
reliable power. Today, TransAlta is one of Canada'’s largest producers of wind



power and Alberta’s largest producer of thermal generation and hydro-electric
power. For over 114 years, TransAlta has been a responsible operator and a proud
member of the communities where we operate and where our employees work and
live. TransAlta aligns its corporate goals with the UN Sustainable Development
Goals and the Future-Fit Business Benchmark, which also defines sustainable
goals for businesses. Our reporting on climate change management has been
guided by the International Financial Reporting Standards (IFRS) S2 Climate-related
Disclosures Standard and the Task Force on Climate-related Financial Disclosures
(TCFD) recommendations. TransAlta has achieved a 70 per cent reduction in GHG
emissions or 22.7 million tonnes CO2e since 2015 and received an upgraded MSCI
ESG rating of AA.

For more information about TransAlta, visit our web site at transalta.com.
Cautionary Statement Regarding Forward-Looking Information

This news release includes “forward-looking information,” within the meaning of
applicable Canadian securities laws, and “forward-looking statements,” within the
meaning of applicable United States securities laws, including the Private
Securities Litigation Reform Act of 1995 (collectively referred to herein as "forward-
looking statements”). Forward-looking statements are not facts, but only
predictions and generally can be identified by the use of statements that include
phrases such as “may”, “will”, “believe”, "expect”, "estimate”, “anticipate”, “intend”,
“plan”, "forecast”, “continue” or other similar words. In particular, this news release
contains forward-looking statements about the following, among other things:
contracted capacity of 700MW, build multiple; the facility’s emission intensity
profile; receipt of required regulatory approvals in a timely manner; expected
capital expenditure; the target commercial operation date and the timing of a final
investment decision with respect to the conversion.

Forward-looking statements and future-oriented financial information in this news
release are intended to provide the reader information about management’s current
expectations and plans and readers are cautioned that such information may not be
appropriate for other purposes. Forward-looking statements are subject to
important risks and uncertainties and are based on certain key assumptions. All
forward-looking statements reflect TransAlta's beliefs and assumptions based on
information available at the time the statements were made and as such are not
guarantees of future performance. As actual results could vary significantly from
the forward-looking statements, you should not put undue reliance on forward-
looking statements and should not use future-oriented information or financial
outlooks for anything other than their intended purpose. We do not update our
forward-looking statements due to new information or future events, unless we are



required to by law. For additional information on the assumptions made, and the
risks and uncertainties which could cause actual results to differ from the
anticipated results, refer to our most recent MD&A and the 2024 Integrated Report,
including the section titled “Governance and Risk Management” in our MD&A for
the year ended December 31, 2024, filed under TransAlta's profile on SEDAR+ at
www.sedarplus.ca and with the U.S. Securities and Exchange Commission at
WWW.SEC.goV.

Note: All financial figures are in Canadian dollars unless otherwise indicated.

For more information:

Investor Inquiries: Media Inquiries:

Phone: 1-800-387-3598 in Canada Phone: 1-855-255-9184

and US

Email: Email:

investor_relations@transalta.com ta_media_relations@transalta.com

Download the full news release


https://transalta.com/wp-content/uploads/2025/12/TransAlta-Signs-Long-Term-Agreement-for-700-MW-at-Centralia-Facility-Enabling-Coal-to-Natural-Gas-Conversion.pdf

Related Articles

December 04,2024

TransAlta Closes Acquisition of Heartland
Generation

May 03, 2021

TransAlta and Pembina Pipeline Ahnounce 100
MW Renewable Power Purchase Agreement and
Launch of the Garden Plain Wind Project
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TransAlta Announces Acquisition of a
Contracted Cogeneration Asset in Michigan
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