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EXECUTIVE SUMMARY
TAKIN’ CARE OF BUSINESS

The theme of this issue of the ScottMadden Energy
Industry Update is “Takin’ Care of Business.”

Energy demand continues to grow at a level and

pace that one executive terms as generational. Policy

momentum, growth in data center and advanced

manufacturing, and expanding end-use electrification

are all contributing to this trend. At the same time,

significant investment in critical energy infrastructure

IS needed to support grid reliability and flexibility.

The utility industry is “taking care of business” as

it works to bridge this critical “speed-to-power”
challenge. To meet this growing demand while
ensuring reliability, companies are managing
massive capital spending, supply chain constraints,
and rate impacts. A major part of this supply
response includes renewed momentum behind
nuclear power, including conventional plant restarts,
capacity expansion, small modular reactors,

and microreactors.

For modern utilities, balancing rising energy

needs, supply chain constraints, and affordability
underscores that keeping the lights on means takin’
care of business. At right, we preview the topics in
this edition of the Energy Industry Update.

ENERGY INDUSTRY UPDATE

While identifying long-term trends can be challenging
amid market shifts, the current environment highlights
several common themes. Across almost every
subsector, companies are focused on rising capital
spending, maintaining affordability, upgrading aging
grid infrastructure, and serving rapidly growing loads.

The rapid growth of data centers and other large loads
continues to dominate industry headlines. A recurring
phrase is “speed-to-power”’—the ability to deliver
electricity at the scale and pace that these new energy
demands require.

It remains unclear how quickly—and at what cost—this
gap between soaring energy demand and available
supply will be resolved.

For the Al industry, power availability, efficiency, and
reliability are now core development priorities,
shaping site selection, design, time to market, and
self-build considerations.

Growing token use and higher-density Al racks are
expected to intensify power needs, requiring stronger
governance and improved efficiency. Expanding large
computational loads is also prompting the study of
reliability risks from load drops.

For several years, the energy industry has
viewed development of advanced nuclear
technologies as a prime opportunity to meet the
growing demand for dispatchable, emissions-
free baseload energy. This momentum has been
enhanced by ambitious government programs.

A wide range of opportunities are emerging,
all in the hope of expanding commercial
nuclear capacity.

Some recent commentary on energy
affordability has drawn broad conclusions that
are national in scope and specific in cause.
While customer concerns are real, a review of
recent studies shows that affordability pressure
Is becoming more infrastructure-driven, more
regionally differentiated, and more dependent
on regulatory choices.

ScottMadden joined SEPA on a factfinding
mission to Portugal to study how a grid with high
levels of inverter-based resources operates, with
lessons informed by a recent blackout. The trip
highlighted that high levels of inverter-based
resources require changes in grid operations,
with greater emphasis on visibility and flexibility.



Utility Themes

Energy utilities remain in the headlines as they balance growth and capital demands.

Key Takeaways

Utilities continue to experience unprecedented load
growth driven by data centers, Al, and industrial expansion,
prompting massive upward revisions to capital expenditure
plans for new generation and transmission.

'L ‘ ; To meet new and large around-the-clock demand reliably,
. companies are pursuing “all-of-the-above” generation

strategies, heavily investing in new natural gas facilities,
nuclear uprates, and grid modernization.

-

To protect existing ratepayers, utilities are implementing
operational efficiencies and designing new large-load
r . . - tariffs and electric service agreements to ensure fair cost
J allocation. They are also pursuing rate strategies that reduce
scottmadden . lag given the pace and level of needed investment.
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Strong Prospects for the Sector

The energy utility sector is experiencing strong growth, driven by
utility investments, large load demands, and regulatory support,
with a focus on power generation growth, grid modernization, and
infrastructure expansion.

o At S&P’s 2026 CERAWeek conference, power and utility sector
CEOs noted that the industry faces regulatory, permitting,
and supply chain challenges but remained optimistic about
technological advancements, nuclear revival, and private capital
support, while managing risks of oversupply and macroeconomic
disruptions.

e Utilities are expected to grow EPS above historical rates through
at least 2030, supported by electric demand, large load growth,
and regulatory policies. Many sector participants project EPS
compound annual growth rates of 6% to 8%+, with some utilities
targeting 8% to 9% or higher.

Utilities are mindful of issues of customer affordability, reliability
and resilience, and execution of planned infrastructure buildout,
which are discussed in some of the sub-sectoral and investment
analyst comments later in this section.

ScottMadden, Inc.
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FIGURE 1
Selected Utility and Other Equity Index Performance (Jan. 2, 2021—July 6, 2026)

B S&P 500 Price Return-Index Value (Daily): 57.38%
— S&P 400 Gas Utilities (Industry) Price Return-Index Value (Daily): 11.01%
— S&P 500 EQUAL WEIGHTED Price Return-Index Value (Daily): 24.82%

— S&P 400 Electric Utilities (Sub Ind) Total Return-Index Value (Daily): 26.07%
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Many themes have become common across energy and utility
subsectors, but there are variations in emphasis, depending upon
scale, geography, commodity, and value chain participation.
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Large Electric Utilities

e Surging demand growth from Al infrastructure, industrial growth (including
advanced and petrochemical), and regional economic growth

* Acceleration in capital expenditures to meet demand growth and replace aging infrastructure,
with 20% to 30% upward revisions in capital plans; 10%+ rate base growth in several cases

» Some utilities refocusing as “pure play”

e Focus on transmission expansion and dispatchable (gas-fired), “all-of-the-above”
generation strategies

* Regulatory approach: proactive, emphasizing rate stability and “affordability headroom”
from growing load

ScottMadden, Inc.

We are in the midst of a generational load
growth phenomenon.... These gigawatts are not
speculative as they are all backed by sighed
customer agreements.

— Bill Fehrman, American Electric Power Co. CEO

The single biggest driver of long-term
affordability in PJM will be increasing
generation supply.

— Vincent Sorgi, PPL Corp. CEO

Our capital plan...is the largest fully regulated
capital plan in the industry, focused on critical
energy infrastructure investments that strengthen
the system and serve increasing load.

— Harry Sideris, Duke Energy Corp. CEO
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These tariffs established a framework under which
new large customers will pay a premium demand
rate...while adequately paying their fair share of
existing and new system costs.

— David Campbell, Evergy, Inc. CEO

Our responsibility has never been clearer: to
deliver safe, reliable, and affordable energy
today while building the infrastructure that will
power Arizona’s next chapter.

— Ted Geisler, Pinnacle West Capital Corp. CEO

Small-Medium Electric Utilities

* Large load growth is a key strategic driver of strategy, capital planning, and regulatory
design: a “transformative growth opportunity”

* Growth pays for growth: service terms for large load customers spread generation and
system costs over a larger user base and directly assigns some generation costs

* Focusing on cost control (O&M) and affordability

* Push for regulatory mechanisms that reduce lag and align recovery with accelerated
infrastructure buildout, with “affordability by design” approaches to rate case frequency

ScottMadden, Inc.
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Wires-Only Electric Utilities

* Divest non-core, unregulated, or higher-risk assets to embrace lower-risk, “pure-play”
regulated transmission and distribution (T&D) business model

* Accelerating adoption of advanced grid technologies, particularly artificial intelligence and
Advanced Metering Infrastructure 2.0

* Growing capex to expand high-voltage transmission and modernize aging distribution
grids, as well as accommodating load growth from data centers and electrification

e Growing discussion by some utilities, particularly in PJM, of whether to develop generation
for resource adequacy and other reasons

ScottMadden, Inc.

We continue to see robust demand in our
jurisdictions with anticipated load growth
exceeding 3% through 2029. This is further
reinforced by our large load pipeline, which is
now further supported by an increasing number
of sighed transmission security agreements.

— Calvin Butler, Exelon Corp. CEO

Our sights are set on continued success as a
pure-play pipes and wires regulated utility with
a strong financial position, a lower-risk business
profile, and a great team.

— Joe Nolan, Eversource Energy CEO
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Although large electric infrastructure projects
stole the spotlight across the utility industry
during the year, natural gas remains a critical and
enduring component of a strong energy future.

— Steve Mills, Chairman, and Linn Evans,
Black Hills Corp. CEO

‘o

o o oo o in-house expertise to build new supply here in
Combination Utilities Bl v Jersey.
e Undergoing a capex super cycle, with data center components but also . — Ralph LaRossa, Public Service Enterprise
reliability, resilience, and hazard-specific hardening, and power network and gas et Group Inc. CEO

We look forward to working with policymakers
to advance energy strategies and resources that
secure affordable, reliable, and diverse energy
supplies.... We have sites with grid connection
capability and pipeline supplies, as well as the

modernization investment

e Capital recycling through divestitures and “portfolio reshaping,” including mergers (Black
Hills/NorthWestern; NextEra/Dominion), to strengthen balance sheet and find alternative
sources of funding (e.g., Blackstone/NiSource partnership) for capex needs

* |ncreased geographic and operational focus for reliability and resilience spending

* Technology to support wildfire risk, winter resiliency, and storm hardening/vegetation
management with measurable outputs (miles undergrounded, outage minutes, self-healing
switches, etc.)

ScottMadden, Inc.
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Demand for natural gas continues to grow across
our service territories, driven by data center
expansion, industrial growth, and the ongoing
need for reliable and affordable energy.

— Robert Flexon, UGI Corp. CEO

The new forward-looking [future test year]
approach will allow natural gas utilities to set
rates based on projected costs rather than
historical expenses, enabling prudent planning,
attractive investments in energy infrastructure,
and fueling economic growth statewide.

Natural Gas Utilities

— Scott Doyle, Spire, Inc. CEO

e Companies are spending significant capex on regulated pipe replacement, system
integrity and modernization, and storage infrastructure mostly for safety and reliability

* Regulatory strategy has become central, with more formula mechanisms, safety/integrity
riders, and other regulatory lag-reduction tools

* Growth opportunities framed around new load (e.g., data centers) and infrastructure
optionality, not just customer growth

e Making strategic investments in storage and midstream resiliency for customer protection
In extreme winter weather volatility and to ensure system reliability

ScottMadden, Inc.
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Generation Companies

e M&A activity to strategically build scale through dispatchable capacity, geographic
breadth, and customer access

* The “data center wave” and Al expansion are treated as the central driver of new demand
growth, long-term contracting, and asset valuation

* Nuclear re-emerging as premium contracted infrastructure

o Affordability emerging as a consideration on how large load growth is served, benefits
delivered (including reliability), and contract design

ScottMadden, Inc.

New large loads must bring their own power and
contract for the generation that supports them.

— Laurence Coben, NRG Energy, Inc. CEO

Natural gas generation will play a critical role in
delivering reliable, affordable, and flexible power
to U.S. electricity markets.

— James Burke, Vistra Corp. CEO

A
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Acquisition Activity Remains Continued Activity Expected
Steady with Varied Drivers

Globally, power and renewables M&A activity is expected to remain robust,
although the potential effect from geopolitical developments (e.g., the Iran war)
remains to be seen. The real question will be the impact of rising interest rates
on funding both capex and transactions.

According to S&P Global, there were 67 asset or corporate
acquisitions in the United States and Canada announced between

the beginning of 2025 and mid-May 2026, excluding acquisitions of
minority stakes. One analyst notes that there may be increasing interest in funding alternatives

o _ _ o outside of capital markets, including partnerships and joint ventures (with
* Those acquisitions include both energy (gas and electric) utilities i

minority stakes given) of investments. i
(totaling 38 deals) as well as power assets, both thermal and J = ) |
renewable. J

e Of those, disclosed transaction values ranged from $200,000 to
$48 billion.

As described in the sector summaries (see pp. 7-12), there are several
strategic drivers for this M&A activity:

e Asset repositioning and strategic focus (e.g., UGI electric business
spinoff, Spire sale of Mississippi gas business, CenterPoint sale of
Vectren Ohio).

* The desire to strengthen balance sheets for capital needs (e.g.,
AES purchase by private investors, Black Hills/NorthWestern
Energy merger, NextEra/Dominion merger) (see Fig. 2)

* Acquisitions of gas and other generation assets to serve
growing load and reliability needs (e.g., LS Power acquisition of
Constellation PJM generating assets, Constellation acquisition of
Calpine), including private capital.

ScottMadden, Inc.
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FIGURE 2

Overview of Proposed NextEra/Dominion Merger

° | @

Key Terms and Features of NextEra Energy/Dominion Energy Merger (Announced May 18, 2026)

Estimated Value

Anticipated Closing Date

Combined Company Profile

Value Proposition

Strategic Growth Drivers

Expected Scale Efficiencies

$67 billion (share exchange plus one-time cash payment of $360 million)

12 to 18 months from date of announcement, subject to shareholder and regulatory approvals

10 million utility customers; 110 GW generation fleet
Regulated operations comprising 80% of operations in four fast-growing states
Regulated and long-term contracted business comprising 90% to 95% of combined business mix

Projected EPS growth of 9%+ through 2032

11% growth in regulatory capital employed through 2032

Enhanced credit profile expected to lower financing costs over time

$2.25 billion in bill credits to Dominion customers over two years post-close

Growth evenly balanced between regulated and long-term contracted businesses

15 distinct growth areas, including grid and transmission (regulated) and renewables, storage, and large
load supply (contracted)

Combined companies have a 130 GW large load pipeline

Lower costs from supply chain (buying power) and engineering, procurement, and construction with larger scale
Lower O&M costs through shared operating platform
Capital efficiency with expected annual capex of approximately $59 billion from 2027 to 2032

Sources: S&P Capital 1Q; NextEra Energy, Dominion Energy 8-Ks, press releases, and joint investor call

ScottMadden, Inc.
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A Busy Rate Case Season

Per S&P’s Regulatory Research Associates, gas and electric utilities
started 2026 with approximately $14 billion of rate increase requests.
This compares with $21 billion in rate increase requests in 2025. Of those
outstanding at the beginning of the year, 84% of cases were among
electric utilities.

Adding to this activity, 55 rate cases have been filed this year (through early
May 2026). Utilities are seeking rate increases totaling nearly $6.3 billion and
an average requested return on equity (ROE) of 10.46% (see Fig. 3).

e U.S. electric and gas utilities have filed more new rate cases in May and
June, seeking rate recovery of their recent infrastructure investments and
iIncreased operating costs.

* Common drivers for cases include grid modernization, new generation,
new technologies such as battery storage and advanced metering, storm
damage remediation and resilience infrastructure, and rising demand.

e |nflation is increasingly cited as a driver of increasing operating costs.

ScottMadden, Inc.
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Political Pressure Builds
on Ratemaking Processes

As shown in Figure 4, electric rate case activity
continues an upward trend as does the rate change
amounts requested and awarded.

In some jurisdictions, pressure from constituents
regarding affordability has led to legislative and
policy interventions that intervene with traditional
regulatory processes and ratemaking approaches. For
example:

* |Legislation in Alabama expanded PSC seats,
created a new cabinet-level executive director
position, and limits Alabama Power rate increases
through 2028.

e Pennsylvania governor submitted a general letter
to utility executives in late April that informed them
that his administration would “vocally and forcefully
oppose rate case requests” that did not comport
with “three commonsense practices” that he
articulated (see Fig. 5). Gov. Shapiro also appointed
a Special Counsel for Energy Affordability to
advance administration policy vis-a-vis utilities.

* |In New Jersey, Governor Mikie Sherrill signed
Executive Orders Nos. 1 and 2 on January 20, 2026,
declaring New Jersey’s electricity affordability crisis
an emergency and directing the Board of Public
Utilities to freeze electricity supply rate
increases for residential customers to provide
short-term relief.

ScottMadden, Inc.

FIGURE 3
Pending Energy Rate Cases (as of Apr. 28, 2026)

Gas rate case(s) pending
Electric rate case(s) pending
Both electric and gas rate
case(s) pending

Electric, gas and steam
rate(s) pending

Source: S&P Capital IQ/Regulatory Research Associates

FIGURE 4
Electric Rate Cases, Rate Change Amounts ($ Millions),
and Average Authorized Return on Equity (2010-2025) (with Trendlines)
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FIGURE 5

PA Governor Shapiro’s Desired Rate Request Practices

In late April 2026, Gov. Josh Shapiro (PA) announced principles that his administration will evaluate for potential

intervention in rate cases. Utilities must:

Seek the “most cost-effective forms of capital.” Any proposed ratemaking capital structure that
incorporates a higher equity component of capital than that employed by the utility’s parent
company will “require extraordinary justification to receive support.”

Demonstrate why its proposed investments are necessary. Explanations must be in “plain, clear, and
transparent” language and “identify a specific reliability or safety concern that will be addressed

or demonstrate with a thorough cost/benefit analysis that the investment will produce significant
savings or reliability benefits for consumers.”

Utilities must provide transparent, justifiable equity returns. The utility must provide a benchmark
“(representing at least 10% of the incremental requested equity) that is transparently derived
through a public process with competitive bidding by multiple participants to establish a fair market
cost of that equity.”

To the extent that these principles differ from traditional ratemaking processes (e.g., competitive bidding to
establish fair market cost of equity) and statutory constraints, the impact of these is unclear whether and how the
public utilities commission will proceed.

ScottMadden, Inc.
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What Investment Analysts Are Saying

Analysts are generally bullish about the utility sector because of growth and modest
valuation compared with the rest of the market. Some thematic issues are summarized
in illustrative comments below:

The intense focus on affordability...was atypical.... We believe that utilities will land on the wrong side of political and legislative headlines with risk of rhetoric

Affordability intensifying in May/June primary seasons. States we are closely watching include California, Pennsylvania, New Jersey, Maryland, Colorado, Wisconsin, Michigan,
Indiana, and New England broadly.
- Jeffries (Apr. 21, 2026)
Despite this [macro] volatility, fundamentals remained the primary driver of performance. Utilities continue to deliver solid earnings growth, supported by increasing
G th electric demand, steady rate base expansion, and accelerating data center development.... [T]he sector appears reasonably priced at roughly 18x 2027 EPS,
YFoOw

reflecting the improved earnings outlook. In contrast, sentiment toward independent power producers weakened amid concerns about the durability of elevated
power prices, particularly as new supply emerges and political scrutiny increases.
- Gabelli Funds (Apr. 6, 2026)

Earnings Trends
and Data Center
NIMBY

We are much more balanced (and almost cautious) on the group into Q1 reporting. YTD, the regulated utility peer group...is much closer to fair value today than at
initiation.... [H]ligher capital budgets take time to digest, and we think the pace of upward EPS revisions will plateau here.... [L]ocal opposition to data centers is
growing across the country as an affordability narrative that originated in the deregulated market filters across the U.S., even to vertically integrated markets.

- RBC Capital Markets (Apr. 28, 2026)

Power Producer

The incumbent power producers are seeing robust cash flow generation and are increasingly securing long-term contracts to lock in these premium cash flows, a
difference from prior cycles. Leverage levels are also far more modest, providing cushion against downside. The incumbents are able to reward shareholders with

Tailwinds robust buybacks, pursue accretive M&A, and overall benefit from capital-light models with minimal cash taxes. This model is shifting as requirements for additionality
will lead to more balanced profiles. This will be a delicate balance to strike.
- Jeffries (Mar. 13, 2026)
We maintain a positive outlook for the electric and gas utilities sector.... The most important driver remains structural load growth and associated investment
Utility Sector opportunities, led by data centers and industrial expansion, which is now translating from planning into execution. Utilities are increasingly entering an execution
Outlook phase for the timing of capex deployment and realization of EPS growth. At the same time, higher ROEsSs, rising rate base, and improving power market fundamentals

(including higher spark spreads and capacity pricing) are offset by higher financing needs and selective regulatory risk.
- Barclays (Mar. 2, 2026)

ScottMadden, Inc.
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Implications Sources

To capitalize on the ongoing historic growth trend in energy Company 10-Ks, annual reports, investor presentations, and earnings call
demand, utilities must be able to rapidly, effectively, and transcripts; S&P Capital 1Q; S&P Global Ratings; S&P Global/Regulatory
efficiently execute massive capital plans, while mitigating supply Research Associates; Barclays; Jeffries & Co.; RBC Capital Markets; Gabelli

chain and labor risks. Strategically, utilities should proactively Funds; NextEra Energy, Dominion Energy 8-Ks, press releases, and joint investor

engage regulators and other stakeholders to ensure affordability,
fair allocation of costs, and timely and adequate recovery of
infrastructure investments that benefit customers.

call; ScottMadden analysis

Operationally, utilities should consider tools and technologies

that will drive down operations and maintenance costs and
enhance grid resilience, including Al and smart grid technologies.
Other execution strategies include strategic partnerships with
engineering, procurement, and construction companies and
proactive ordering of long-lead equipment. Ultimately, speed-to-
market in both generation and transmission development will be a
key differentiator for success.

ScottMadden, Inc.
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Large Loads and the Speed-to-Power Challenge

Can utilities and constructors secure the materials, equipment, and labor needed to build at speed?

Key Takeaways

Data center load growth creates a major capacity
opportunity, but project realization remains uncertain as
data center forecasts, business models, and Al efficiency

continue to evolve.
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Utilities will need adaptive planning, portfolio-level
procurement, and workforce strategies to preserve
reliability, affordability, and execution discipline.

&'
scottmadden
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Infrastructure Demand Meets
Physical Constraints

As hyperscalers continue to accelerate capex budgets, data center load
growth is reshaping utility load forecasts and capacity plans. A recurring
question across the industry is whether electric infrastructure can be
planned, procured, and built fast enough.

An emerging challenge is that both the data center and electric infrastructure
buildout rely on critical inputs that are increasingly scarce, specialized, and
difficult to substitute.

e
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This section examines the drivers and chokepoints shaping the industry’s
ability to deliver speed to power. Key considerations include hyperscaler
investment, commodity availability, electrical equipment availability,
generation supply chains, and skilled labor.

ScottMadden, Inc.
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Hyperscalers Allocate
More Capital to Data Centers

The “Big 4” hyperscalers—Amazon, Google, Meta, and Microsoft—
are investing heavily in frontier Al models, agentic systems, and
enabling infrastructure needed to advance toward artificial general
intelligence (AGI) capabilities. The term AGI refers to Al capabilities
that can match or exceed human capabilities.

Surging capex budgets illustrate the intense competition to build and
power “Al factories.” The Big 4 hyperscalers have announced more
than $700 billion in planned capex for 2026. Multiple Wall Street

analysts anticipate the industry will surpass $1 trillion in capex in 2027,

The scale of investment is difficult to comprehend. For comparison,
consider the following:

* $208 billion: Estimated capital expenditure of U.S. investor-owned
utilities in 2025

* $868 billion: Department of Defense expense on military programs
during FY 2025

e $1.1 trillion: Market cap of 37 investor-owned utilities tracked by the
Edison Electric Institute on December 31, 2025

Al factories create a near-term load growth opportunity for utilities.

However, it remains difficult to determine which projects will overcome

mounting market challenges and become a reality. Recent reports
suggest that construction has not begun on 60% of data center
capacity planned for completion in 2027.

ScottMadden, Inc.

FIGURE 1
“Big 4” Historical and Announced Capex Plans (as of April 30, 2026) ($ Billions)
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Source: Bloomberg News

FIGURE 2
Al Capex Estimates (2026-2031) ($ Billions)
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Electrical Equipment
Is a Gating Constraint

Since 2019, demand for electric equipment has
surged, with increases 35% to 274%, depending on
equipment type. In 2025, there were supply deficits
for transformers, switchgear, breakers, substation
equipment, and cable.

Electric equipment lead times are now critical to
project schedules, with transformers being the
longest lead time item. In Q2 2025, the lead time

on generation step-up transformers averaged 143
weeks, and power transformers averaged 128 weeks.

Wood Mackenzie reports that the ongoing market
shortages are pushing prices higher across electric
equipment. Transformer prices have risen by roughly
80% over the last five years. In addition, tariff
exposure could add 1% to 20% in equipment costs,
depending on type and sourcing.

Manufacturers are responding by increasing
production capacity. For example, Siemens Energy
announced plans to spend $1 billion to boost its
manufacturing of grid and power-generation
equipment in the United States. Wood Mackenzie
notes nearly $1.8 billion in investments have been
announced for transformer production targeting the
North American market.

ScottMadden, Inc.

FIGURE 5
Electric EQuipment Market Deficit (2025)
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Source: Wood Mackenzie

FIGURE 6
Electric Equipment Lead Times (Q2 2025)
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Natural Gas Turbine Orders
Outstrip Production

Bloomberg estimates more than $400 billion of planned natural gas-fired
power plants are in jeopardy of delay or cancellation because of lack of
manufacturing capacity.

Manufacturing shortfalls are driving higher costs and longer lead times for
combined-cycle gas turbines (CCGT):

e |nstalled cost jumped from ~$800/kW in 2021 to ~$2,600/kW in 2025.
* Lead times for a new CCGT can exceed five years.

Three companies dominate the global gas turbine manufacturing market
(respective market shares noted in parentheses):

e GE Vernova (25%)
e Siemens Energy (24%)
e Mitsubishi Heavy Industries (22%)

When combined with smaller competitors, the global manufacturing capacity
for natural gas turbines was 72 GW in 2025. Manufacturing capacity is expected
to increase to 97 GW in 2028 as original equipment manufacturers expand
production.

This demand is in sharp contrast to 2017 and 2018, in which the gas turbine
market was impacted by the significant shift to renewable resources and OEMs’
need to improve cost structure.

However, supply chain constraints present meaningful execution risk, particularly
In specialized materials and component manufacturing. For example, there are
limited supplies of high-temperature alloys used in turbines, and turbine blade
production is limited to two major players (i.e., PPC/Precision Castparts and
Howmet Aerospace).

ScottMadden, Inc.

FIGURE 7
Historical and Forecasted Global Gas Turbine Orders
and Production Capacity (2001-2030)
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FIGURE 8

Skilled Labor IS a Scarce RCSOIII'CC Top Concerns Among General Contractors
(% of Positive Survey Responses) (Jan. 2026)

The availability of skilled labor remains a challenge
and bottleneck for data center and electric Economic slowdown/recession
infrastructure development.

) ) Insufficient supply of workers or
The Associated General Contractors of America conducts subcontractors

an annual survey of commercial construction firms to
gather insights into expectations for the coming year.
Key findings from their 2026 survey include:

Rising direct labor costs

e Construction of data centers, power facilities, and Worker quality
healthcare projects will drive private sector construction
in 2026.

Material cost
e Contractors identified insufficient workers or

subcontractors, rising direct labor costs, worker quality,

. . . Increased competition for projects
and material costs as top concerns after recession risk. P prol

* More than four out of five contractors with openings
report difficulty filling hourly craft roles, and a majority

expect hiring craft workers to remain difficult or

Project delay due to government
become harder. funding/review/permitting/inspection delays

High interest rates/financing costs

Electrical and mechanical trades are expected to remain

in high demand. The U.S. Bureau of Labor Statistics Other costs (e.g., trucking, insurance, etc.)

projects nearly 10% employment growth for electricians

and 7% growth for electrical power-line installers and Not enough private sector work

repairers from 2024 to 2034. Utilities may face additional

gaps in technical and supervisory fields to support major 0 10 20 350 40 >0 60 70
construction efforts such as project managers, engineers,

and permitting professionals. Source: Associated General Contractors of America, 2026 Construction Outlook, National Survey Results
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FIGURE 9
Skilled Labor Employment Outlook (2024-2034)

Projected Projected

Employment Employment Median
Change, 2024-2034 Change, 2024-2034 Annual Wage
(in thousands) (percent) (2024 dollars)

Construction laborers $46,730

Electricians $63,350

Carpenters $59,310

Heating, air conditioning, and refrigeration mechanics and installers $59,810

$62,970

Plumbers, pipefitters, and steamfitters

Electrical power-line installers and repairers $92,560

Sheet metal workers $60,850

Structural iron and steel workers $62,700

Source: U.S. Bureau of Labor Statistics
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Key Considerations for Utilities

Utilities must rapidly expand generation capacity while contending with
uncertainty in load forecasts, long lead times for critical equipment, and
tighter labor availability.

The current market requires utilities to explore and develop new
approaches to capital planning and execution. In particular, utilities should
consider the following actions:

Ensure timely data collection and analysis: Develop and track key
metrics quarterly. Key metrics should include project realization,
energization date, load realization, load ramping, and load factor or load
shape.

Build agility and flexibility into planning and execution: Monitor
signposts and adjust operations to ensure optimal outcomes in a
changing environment. Key signposts include data center forecasts, Al
model adoption, and technology innovation.

Expand access to skilled labor and improve workforce productivity:
Develop an integrated approach, leveraging enhanced training, digital
augmentation, and strategic partnerships.

Transition from project-driven to portfolio procurement: Consider

a multipronged approach focused on equipment standardization,
strategic partnerships (e.g., multi-year framework agreements, pooled
iInventory management, etc.), and strategic stockpiles.

Implementing these actions will help utilities manage uncertainty while
ensuring reliability, managing customer affordability, and maintaining
execution discipline.

ScottMadden, Inc.

FIGURE 10
Key Signhposts to Monitor

Data Center Forecasts

Load forecasts are heavily dependent on the growth of
colocation providers (e.g., business models that rent
physical space or graphics processing units as a
service); changes in market demand (positive or
negative) would impact long-term energy demand.

Al Model Adoption

A transition from large language models operating in
data centers to small language models operating on
edge devices could lower long-term energy demand.

Technology Innovation

Efficiency improvements in graphics processing
units and/or innovations in compute could reduce
long-term energy demand.
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Implications

Utilities are entering a capacity race to deliver speed to
power. The utilities best positioned to succeed will be those
able to distinguish firm load commitments from speculative

interconnection requests while securing scarce inputs earlier than
traditional planning cycles allow.

Regulators and customers will expect utilities to balance speed
with prudence. Transparent load validation, flexible procurement,
and workforce development initiatives will be critical to

maintaining reliability and affordability while avoiding stranded
iInvestment.

Electric utilities may benefit from shifting from project-by-project
execution to portfolio management. In addition, standardized
specifications, framework agreements, pooled inventories,
advance commitments, and strategic supplier partnerships
(including partnerships with engineering, procurement, and

construction firms) can improve access to constrained equipment
and reduce exposure to price volatility.

ScottMadden, Inc.

Sources

Associated General Contractors of America; Bank of America Global Research;
Bloomberg News; Edison Electric Institute; Energy Systems Integration Group;
Goldman Sachs; International Energy Agency; J.P. Morgan Asset Management;
Reuters; S&P Capital 1Q Pro; U.S. Bureau of Labor Statistics; U.S. Department of
Treasury; U.S. Geological Survey; Wall Street Journal; Wood Mackenzie
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Al: An Update

Al and token usage grow while data center focus increases on power intensity, efficiency, and reliability.

Key Takeaways

Al adoption is shifting from cost reduction to
productivity, faster decisions, improved workflows, and
innovation-led growth.

Enterprise token use and agentic Al are expanding
computing demand, creating cost, governance, and
load implications.

Data center growth is driving larger, denser, more
power-intensive facilities, increasing pressure on power
requirements, efficiency needs, and reliability.

&'
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FIGURE 1
Federal Reserve Survey: Mean Likert Value of CFO Al Investment Motivations

Pl‘OdllCtiVity GainS frOm Improving production efficiency

Al Top CFO Priorities

Improving labor productivity

Executives say the motivation for using Al is to make
employees more productive, improve operations, and support Enhancing decision-making and management
faster business decisions, above reducing headcount or costs.

e A CFO survey from the Richmond Fed shows that improving production
efficiency is the highest-ranked motivation for Al investment, followed
by improving labor productivity and decision-making.

Reaching or serving customers more efficiently

_ _ Developing or improving products/services
* Reducing labor and non-labor costs ranked much lower comparatively.

Analysis from the Atlanta Fed suggests productivity gains are most Developing workforce skills/adapting labor
closely tied to innovation and demand-side uses, including new or
improved offerings and better customer reach, pointing to growth and
service improvement, not just automation.

Reducing labor costs

Al is showing up less as immediate savings and more as better workflows,
faster analysis, and higher-quality output. Cost savings may come later, Reducing nonlabor costs
but the near-term story is productivity and better execution.

Upgrading physical or digital capital

Note: The mean likert value for each category is calculated by averaging ratings of importance for motivations
to invest in Al: “Not at all” as O, “Slightly” as 1, “Moderately” as 2, “Very” as 3, “Extremely” as 4.

Sources: Atlanta Fed, Richmond Fed
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FIGURE 2
Reported and Implied Productivity Growth from Al

Reported Productivity Gains Are
Running Ahead of Measured Gains

2025 2026 (Expected)

Research from the Richmond Fed points to an Al “productivity Reported Implied
paradox”: companies report that Al is improving output per worker,
but those gains are only partly showing up in revenue-based
productivity measures.

e Reported Al productivity gains from CFOs ranged from 1.1% to 2.2%
across sectors in 2025 and are expected to rise to 2.1% to 3.7% in

2026.
2.2% 2.2%

* When measuring Al-attributed changes in revenue relative to Al-
driven employment changes, there were smaller gains, ranging from
0.4% to 0.8% in 2025 and 1.1% to 2.2% in 2026.

* High-skill services and finance showed the largest gains under both
reported and implied measures.

Al may already be improving workflows, task efficiency, decision-
making, and output quality. As with computer adoption in the 1980s
and 1990s, practical improvements may appear before the full economic
Impact is easy to measure.

Finance
Finance

Firms expect Al productivity benefits to continue growing in 2026, with
Al-driven productivity gains becoming more visible as Al tools are more
fully integrated into business processes.

Manufacturing &
Construction
Low-Skill Service
High-Skill Service
Manufacturing &
Construction
Low-Skill Service
High-Skill Service

Sources: Atlanta Fed, Richmond Fed
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Assessing Growing Token Usage

As Al adoption grows, token consumption is becoming an
increasingly important measure of Al utilization and a meaningful
component of enterprise operating costs.

Falling token costs could make broader Al use economically
attractive, especially for coding, analysis, customer support, and
agentic workflows. Potential business benefits include faster
experimentation, broader employee adoption, synthetic data
generation, and quicker software prototyping.

But usage volume is not the same as productivity. Measuring tokens
consumed can show adoption but not necessarily value. Companies
will need governance that compares Al usage costs against avoided
labor costs, improved speed, better quality, and actual business
outcomes.

For utilities, continued growth in token consumption still matters
because more token usage ultimately translates into more computing
demand and more sustained data center load.

ScottMadden, Inc.

While measuring Al business impacts
by token consumption alone may —
wane, token consumption is expected e ( }/
to increase significantly as cost per
token declines with new chip Token ] Energy_
configurations and agentic consumption consumption

applications continue to grow.

Continuous Al workloads may raise data center baseload demand, and
utilities may see higher, flatter, 24/7 load profiles.
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o o FIGURE 3
Interconnectlon Delays Are PuShlng Data Cumulative Capacity of Announced Behind-the-Meter Data Center

Centers Toward Self-Supply Power Projects (GW)

Data center demand is rising faster than grid planning and interconnection can 20

absorb, leading to increasing data center grid interconnection timelines. This is 80
pushing more developers toward behind-the-meter (BTM) or “bring your own

70
power” strategies.
60
e Data center demand is projected to reach 134.4 GW in 2030, up from 75.8
GW in 2026. 5 50
. . . . 40
e These strategies could reduce the timeline to full operation for a 500 MW
data center by three to five years. 30
20
A recent data center survey found 56% of developers exploring on-site or
co-located power, while Cleanview’s project tracker has identified 59 data 10
centers with 90 GW of BTM projects (see Fig. 3). 0
Jul Oct Jan Apr Jul Oct Jan  Apr Jul Oct Jan Apr
_ _ o 2023 2024 2025 2026
* Bloom Energy, a BTM fuel cell supplier, estimates 38% of facilities may use
some on-site primary power by 2030.
e Fully BTM facilities could rise to 27% by 2030, up from 1% in 2024, Source: Cleanview

For Al data centers, power has become a front-end development decision.
Even with data centers bringing their own power, many jurisdictions are
evaluating or approving utility proposals to mitigate growing data center
power demands. The Database of Emerging Large Load Tariffs has identified
more than 75 such proposals as of late June 2026.

ScottMadden, Inc.
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Al Compute Growth Is Driving a Step
Change in Data Center Power Requirements

Al developers are deploying larger facilities and more power-dense
computing systems to support increasingly complex Al models that
require many more watts of power than standard IT services.

The result is a shift from megawatt-scale IT facilities and conventional
10 kW to 40 kW server racks toward gigawatt-scale campuses built
around high-density 150+ kW Al server racks. Proposed projects
include a 10 GW SoftBank Ohio site, Meta’s 2.2 GW Louisiana site, and
OpenAl’s Stargate initiative targeting up to 10 GW.

The increase in power draw is occurring at both the facility and server
levels as more computing power is packed into the same space.

e Google expects Al and machine-learning workloads to require more
than 500 kW per rack before 2030.

* Nvidia’s Feynman Al chips, which are slated for a 2028 release,
would come with a 1 MW power draw per server rack.

These higher-power designs are creating additional complications,
requiring developers to rethink how much of each megawatt can be
converted into useful compute.

ScottMadden, Inc.

FIGURE 4
Rack Power Demand by Type (kW)
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Reimagining Data Center Design to
Meet Growing Power Intensity

According to Nvidia, roughly 30% of data center power is not being
used for Al computing. Data from Epoch Al indicates this could be
even higher as cumulative Al data center capacity reached 31 GW in
Q4 2025.

Figure 5 at right shows the split in power demand between computing
power and other site needs.

As Al demand continues to grow, these losses become increasingly
material. At GW scales, every 1% efficiency gain saves tens of
megawatts, reducing grid or BTM power draw or enabling more

Al workloads.

ScottMadden, Inc.

FIGURE 5
Cumulative Al Data Center Capacity (2022 Q1 to 2025 Q4)
Compared with Selected lllustrative Recent Regional Peak Demand (GW)
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Cooling and Distribution Systems Account
for Signiﬁcant Power Losses

Rack densities above 40 to 50 kW make traditional air cooling ineffective.
Developers are turning to direct-to-chip liquid cooling, which circulates
non-conductive liquid directly to heat-generating components, reducing
cooling loads and improving energy efficiency by up to 15%.

Power distribution is an equally important constraint.

e Electricity must be converted from AC to DC and stepped down to the
low voltages that chips require, with these conversion steps accounting for
roughly a third of power losses.

* Nvidia’s 800-volt DC architecture is being developed to reduce those
losses by moving conversion equipment out of racks, consolidating voltage
step-downs, and could ultimately reduce distribution losses to under 1%.

With more powerful chips arriving annually, continued efficiency gains will be
essential to supporting Al growth and easing power demands.

ScottMadden, Inc.
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NERC Alert Highlights Growing
Reliability Risks from Data Center Load Drops

On May 4, 2026, NERC issued a Level 3 Essential Actions alert that recommends
utilities and grid operators strengthen visibility into how data centers, Al
training, cryptocurrency mining, and other computational loads behave at scale
across service territories during grid disturbances.

* The alert follows “widespread and unexpected customer-initiated load NERC Level 3 Essential Actions Focus Areas
reduction” of large computational loads that involved several incidents in
2024 and 2025, during which 1,000 MW or more of unexpected large-load Load Modeling

output reduction occurred.

e Sensitive protection systems can rapidly reduce or disconnect load, making Stability and System-Strength Studies
facility behavior harder for operators to predict.

Qualified-Change Review Triggers

The Essential Actions are not mandatory (as compared with a reliability
standard), but relevant entities must report progress to NERC.

; - . " Start-Up and Testing Procedures
NERC’s recommended actions focus on seven areas: load modeling, stability i 9

and system-strength studies, qualified-change review triggers, start-up and
testing procedures, fault-response evaluations, dynamic fault recording, and Fault-Response Evaluations
communication protocols between computational load operators

and utilities.
Dynamic Fault Recording
For utilities and system planners, the alert underscores that large

computational loads may need to be modeled as dynamic grid resources.
Their response during disturbances could affect contingency planning, Communication Protocols
mitigation plans, operating limits, emergency coordination, and broader
reliability risk management.

ScottMadden, Inc.
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Implications

For the Al industry, power availability, efficiency, and reliability are
becoming front-end development priorities, shaping site selection,
design, time to market, and self-build considerations.

Growing token use, agentic applications, and higher-density Al
racks will intensify compute power needs, requiring stronger
cost controls and governance and improved efficiency in cooling,
power distribution, and other data center power needs.

Reliability planning must evolve as large computational loads
behave dynamically, requiring better modeling, communication
protocols, and disturbance-response visibility.

ScottMadden, Inc.

Notes

Rubin rack (officially Vera Rubin NVL72) is a rack-scale Al supercomputer,
successor to Nvidia’s Blackwell, designed to run demanding artificial intelligence
workloads, such as Agentic Al and large language models. High-volume
production is expected in H2 2026.

Sources

Federal Reserve Bank of Atlanta; Federal Reserve Bank of Richmond; 451
Research; S&P Global; Cleanview; Bloomberg New Energy Finance; Foley and
Lardner LLP Data Center Survey; NC Clean Energy Technology Center; Smart
Electric Power Alliance; R&D World; Faros Al; LeadDev; Bloomberg; Epoch
Al; Data Center Dynamics; Google; Nvidia; AFCOM; Data Center Knowledge;
Medium; Moduledge; North American Electric Reliability Corp.; Utility Dive;
Morgan Lewis
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Recent Developments in Nuclear Power

There is abundant activity in policy, financing, and development, but progress is measured and reflects a longer game.
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:— - Key Takeaways

The near-term North American nuclear growth story is still the
installed base. Uprates, restarts, stalled projects, and license
renewals are attracting attention for near-term feasibility.

Regulatory acceleration—specifically process
acceleration—is speeding review of advanced nuclear units.
But agencies are compressing timelines, not eliminating
staged technical reviews.

With import restrictions and anticipated development and
expansion of nuclear power production, fuel procurement and
bottlenecks are garnering industry and government attention.
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The Federal Government
Presses the Accelerator

Activities promoting the development of nuclear power—from
microreactors to small modular reactors to large Generation I+
and Generation IV reactors—continue with substantial federal
engagement.

In May 2025, presidential executive orders set a goal for 300 GW
of incremental nuclear capacity by 2050 and called for 10 large
reactors with complete designs under construction by 2030.

The administration has sought to have three pilot reactors built
and tested outside of the U.S. national laboratories, under DOE
rather than NRC licensing, with the goal of achieving criticality
by July 4, 2026, as part of a plan to shorten the length of time it
takes to test advanced reactors.

Twelve advanced reactor designs from U.S. nuclear startups pursued
zero-power criticality under the federal reactor pilot program for the
U.S.’s semiqguincentennial target date. The status of those companies
and reactors as of July 6 is shown at Figure 1.

ScottMadden, Inc.
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FIGURE 1
Executive Order 14301 Pilot Program Tracker (as of July 6, 2026)
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Twelve advanced reactor designs from U.S. nuclear startups race toward zero-power
criticality and continuous operation under the federal reactor pilot program.
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4 REACTORS CRITICAL - EO 14307's three-reactor goal reached
ahead of the July 4 deadline, America’s 250th birthday

Zero-Power Criticality as of July 6, 2026

MILESTONE SEQUENCE
NSDA Nuclear Safety Design Agreement — consensus on
Safety Agreement | ¢ ndamental safety.
PDSA Preliminary Documented Safety Analysis — equivalent
Preliminary DSA . .

to a Construction Permit.
FDSA Final Documented Safety Analysis — equivalent to
FinalBSA an Operating Permit.
ZPC First sustained chain reaction at zero

Zero-Power Crit.
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Full Temp/Power

STATUS KEY

power — neutronics validated.

First sustained operation with measurable thermal
output — power ascension begun.

Full operating temperature and power
conversion demonstrated.

v Approved — milestone cleared

O In Review —under active regulator evaluation

@ Pre-App —early engagement; no formal submission filed

* Target — planned date, not yet achieved

— Pending — blocked by upstream milestone

" Unknown — status not yet reported
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NRC Regulatory Reform: Risk

Informed and Shorter Timelines

In Executive Order 14300, the Trump administration directed
establishment of fixed deadlines for evaluation and approval

of licenses, including an 18-month deadline to evaluate and
approve for construction and operation of new reactors and a
12-month deadline for continued operation of an existing reactor
(e.g., license extensions).

To further advance the goals of the executive order and the Advanced
Nuclear for Clean Energy Act of 2024, the NRC proposed two
regulations that change the licensing frameworks for new reactors that
reflect relative risk profiles.

e NRC 10 CFR Part 53, which took effect on April 29, 2026, provides
a more flexible, risk-informed, and technology-inclusive licensing
framework for advanced reactors (SMRs and microreactors) that
do not fit neatly within the prescriptive requirements historically
developed around large light-water reactors.

e NRC 10 CFR Part 57, which comment period ended in mid-June,
proposes to establish a risk-informed and performance-based
regulatory framework for rapid licensing of new microreactors and
other reactors with comparable risk profiles and for high-volume
deployment of these reactors.

In a separate rulemaking that NRC proposed on April 2, applicants
could use aspects of a prior DOE or DOW authorization to
demonstrate compliance with certain NRC safety requirements. A
summary of Parts 53 and 57 is shown at Figure 2.

ScottMadden, Inc.
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FIGURE 2

Comparison of Proposed NRC Rules Governing Licensing Frameworks for Certain Advanced Reactors and Microreactors

10 CFR Part 53: Risk-Informed,
Technology-Inclusive Regulatory
Framework for Commercial Nuclear Plants

Key concept: Regulatory requirements should be tailored to the safety
significance and risk profile of reactors’ designs, reducing unnecessary
exemptions and licensing uncertainty.

Allows flexible, risk-informed siting, including in higher-density areas if
justified by safety, environmental, economic, or other factors

Expands accepted industry codes and standards, including approaches
better suited to commercial-grade components, based on how important
each system or component is to safety

Permits manufacturing licenses that allow reactors to be fabricated and
potentially loaded with fuel at a manufacturing site prior to delivery,
subject to controls that prevent criticality

Moves away from the traditional single-failure rule toward evaluating
equipment reliability based on how important each system or component
is to the overall safety case

Allows plants to adjust output via load, following in response to grid needs
or external demand signals, provided safeguards are in place

Permits first-of-a-kind projects to create licensing information that can
later be used to support standard design approvals or certifications

Encourages standardized design benefits that support repeat licensing,
design finality, and reduced duplicative review for subsequent units

Source: NRC; Regulations.gov; ScottMadden analysis

ScottMadden, Inc.

10 CFR Part 57: Licensing Requirements for
Microreactors and Other Reactors with
Comparable Risk Profiles

Key concept: Some reactors are low consequence enough that
applying the licensing structure developed for large reactors may add
cost and delay without adding commensurate safety value.

Allows applicants to seek approval for fleets of reactors with essentially
the same design, helping support deployment and avoid re-reviewing the
same issues

Supports remote monitoring and operation, autonomous operation, and
staffing/training approaches for the smaller operator role expected for
many microreactors

Supports permitting design standards and operating programs that are
tailored to the reactor’s design and risk profile rather than defaulting to
requirements for large reactors

Streamlines environmental reviews for projects with demonstrated minimal
environmental impacts

Provides a pathway for limited construction prior to receiving an NRC full
construction permit, reducing project delays

Allows applicants to lock in key design approvals so that later projects using
the same approved design do not have to re-review the same issues

Expects to reduce licensing and deployment timelines to 6-12 months for
construction permits and operating licenses, thanks to simplified safety
designs, with estimated industry and NRC savings of $3.76B to $11.84B
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N T G h FIGURE 3
car-1€rm rowt Potential Uprates, Restarts, and Other Extension Activities Through 2035 (GWe)
from the Installed Base 9 potential Restarts
8 @ Plant Restarts
Fuel Cycle
7 ® Extensions

Though new, advanced units typically dominate
conversation and headlines, there is increasing interest
in growing nuclear capacity via the existing installed
base of plants. Contributing to the positive sentiment
behind expanding existing nuclear is the strong
performance of the North American nuclear fleet.

Other Output
Increases

()]

@ Power Uprates

&)

N

"More than 73% of U.S. sites have some level
of interest or planning for power uprates.”
- NEI, The Future of Nuclear Power: 2025 Update Survey

W

N

Federal policy is encouraging expansion of existing
nuclear units. The Department of Energy launched its

Cumulative Capacity Additions (GWe)

UPRISE (Utility Power Reactor Incremental Scaling 0
Effort) program on March 12, 2026. UPRISE seeks to add Source: NRC
2.5 GW of additional nuclear capacity by 2027 and 5 GW

by 2029. FIGURE 4

Expected Applications for Power Uprates (by Unit) (GWe)

e UPRISE focuses on license renewals for existing :

reactors, restarting shuttered facilities, power uprates,
and increasing efficiency with modern technologies
as ways to reach this goal.

0.88 Meta-Vistra Energy Partnership

* Not included in this projection: In
January 2026, Meta partnered with
Vistra Energy to support uprates at
Perry, Davis-Besse, and Beaver Valley

* To facilitate development, the DOE’s Energy
Dominance Fund (formerly Loan Program Office) of
$289 billion in available loan authority provides as
much as 80% financing for eligible project costs for
nuclear uprates.

nuclear power plants.

 Meta and Vistra expect to add 433
MW in total capacity across the three
sites by the early 2030s.

Annual Additions (GWe Rounded)

Uprates have added approximately 8.5 GWe since 2000
(including submittals through 2032) at lower cost than
new build. As of late May 2026, 32 uprates are expected
through 2026, totaling ~2.4 GWe. A summary of those
uprates as well as other activities such as restarts is Source: NRC
shown at Figures 3-5.

2026 2027 2028 2029 2030 2031 2032

The NRC expects uprate applications, totaling more than 2.4 GWe through 2032, with 10 measurement
uncertainty recapture (MUR) uprates, 2 stretch power uprates (SPU), and 20 extended power uprates (EPU).

ScottMadden, Inc.
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FIGURE 5
Approaches to Increased Nuclear Capacity

Path A: Thermal Power Uprate
(higher licensed power level - MWt)

Liabuna bana Lnal ot

Measurement Stretch Power Uprate

Uncertainty Recapture

* Increases licensed * |Increases licensed
power level by less power level between
than 2% 2% and 7%

e Typical to change
instrument settings

 Improved techniques
for calculating reactor
power by more
accurately measuring
feedwater flow

 Not typically known
for major plant
modifications

na] 1-3 year F‘_ﬂ 3-6 year
6" projects é" projects

Extended
Power Uprate

Increases licensed
power level by 7%
and as much as 20%

Requires significant
modifications to major
pieces of non-nuclear
equipment like:

- HP Turbine

- Condensate Pumps
- Main Generator

- Transformers

- Moisture Separator
Reheaters

F‘_ﬂ 5-10 year
6" projects

Path B: Electrical Capacity Increase

Fuel Cycle
Optimization
e 24-month fuel cycle

 Considered a capacity
factor improvement

(no MWt changes)

Thermal
Efficiency

Turbine retrofits

Moisture separator
reheater replacement

Condenser
improvements

Repairing, recapturing,
and restoring known
thermal losses

na] 1-5 year
6" projects

Capacity
Factor

 Upgrades for
equipment reliability

Elimination of
down power events
through component
replacement, risk
informed, MELLLA+

Non-safety digital
modernization for
reliability, e.g.,
balance-of-plant
control systems

Sources: DOE Idaho National Laboratory; ScottMadden analysis

ScottMadden, Inc.

Note: MELLLA+ means maximum extended load line limit analysis plus.
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FIGURE 6
Proposed and Potential U.S. Nuclear Restarts and Completions

Sources: Nuclear Innovation Alliance; South Carolina Daily Gazette; ANS; Utility Dive; Jeffries

ScottMadden, Inc.

Duane Arnold Energy Center (615 MW)
(Palo, IA, near Cedar Rapids)

Crane Clean Energy Center (835 MW)
(Middletown, PA, near Harrisburg)

Developer: NextEra Energy

Developer: Constellation Energy

Anticipated completion: 2029

Anticipated completion: 2028

Site: Request to restore operations was filed
with the NRC in January 2025. Site
preparation expected to begin in 2026

Site: Initial infrastructure inspections
completed; cooling tower refurbishment
required

Offtake: 25-year PPA with Google

Funding: Owner-financed, with
combination debt and equity

Offtake: 20-year PPA with Microsoft for Al
data centers

Funding: Includes $1B federal loan guarantee

V.C. Summer 2-3 (up to 2,200 MW)
(Jenkinsville, SC, near Columbia)

Prospective developers: Brookfield Asset
Management and The Nuclear Company

Palisades (800 MW)
(Covert, MI, near Benton Harbor)

Developer: Holtec Palisades LLC

Proposed completion of halted units 2 and 3

Anticipated completion: 2026

Anticipated completion: Unknown; site and
project evaluation expected by early 2028

Site: Well-characterized; plant reassembly is
in the final phase and fuel is on site

Site: Research and prep work under way as of
April 2026; feasibility, engineering, and other
due diligence studies; licensing all required

Offtake: Includes Wolverine Power
Cooperative; Holtec seeks 30-year PPAs
with other co-ops, utilities

Funding: Santee Cooper receives $2.7B
(at unknown date) for reactors and site;
retains 25% interest in reactors

Funding: Includes $1.52B DOE loan guarantee
and some matching equity
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Advanced Nuclear:
One Step at a Time

Advanced reactors continue to gain traction, but any initiation of
operations is likely beyond 2030, as developers seek to reduce levelized
costs and construction and timeline risks.

While many utilities remain lukewarm on these new technologies, some
large end-users (read: hyperscalers) are showing interest in firm, non-
emitting power and making commitments to developers and technologies.

e |n 2024, Google contracted with Kairos for its 500 MW high-

temperature reactor technology.

Amazon has invested in X-energy’s high-temperature, gas-cooled SMR
technology for deployment of up to 960 MW in Washington state.

In January 2026, Meta contracted with TerraPower for 2.8 GW (8 units)
of its sodium fast-reactor (Natrium) technology (location TBD) as well
as with Oklo for 1.2 GW (16 units) of its Aurora technology in Piketon,
Ohio.

Regulatory progress is being made as well. The NRC has acted upon two
separate applications for construction review for SMR technologies.

In July 2025, the NRC accepted for review a construction permit
application from Tennessee Valley Authority for a BWRX-300 SMR at its
Clinch River site in Tennessee. The regulator said it expects to complete
its review within 17 months from that date.

In March 2026, NRC approved a construction permit for TerraPower’s
Kemmerer Unit 1 project (345 MWe), the first such permit for a
commercial-scale U.S. non-light water reactor in more than 40 years.
Construction on that project commenced in April.

ScottMadden, Inc.

FIGURE 7
Bridging Strategy: GE Vernova and Blue Energy Pursue Gas-Plus-Nuclear Option

Source: Blue Energy

Arrangement: Blue Energy and GE Vernova are collaborating to develop the world’s
first gas-plus-nuclear power plant in Texas, aiming to meet rising U.S. electricity
demand driven by Al and advanced manufacturing.

Project Details
(Gas, Then Nuclear)

- The 2.5 GW partnership combines Blue

Energy’s innovative financing and
prefabrication techniques with GE

Vernova’s reactor and turbine technology.

The plan involves designing a plant using
GE’s BWRX-300 SMR at Blue Energy’s
Texas site, with a final investment
decision expected in 2027.

Early site energization will be supported
by GE turbines, pursuant to a slot
reservation agreement for two 7HA.02
gas turbines delivered in 2029. Site
preparation is expected to begin in 2026
and construction permits sought in 2027.
The project aims to deliver approximately
1 GW of gas-fired power by 2030,
ramping up with 1.5 GW of nuclear power
by 2032, with that nuclear energy
powering local data centers.

Construction Innovations
The collaboration emphasizes offsite
prefabrication and modular construction
to reduce costs and accelerate
deployment, potentially cutting project
timelines from more than a decade to less
than four years.

Next Steps
Further agreements will involve safety
analysis and project development, with
early site work in 2026.
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More Capital to FIGURE 8

Energy Northwest/X-energy/Amazon Proposed Cascade Advanced Energy Facility
the Sector

With both policy support and market interest in
dispatchable, low- or no-emissions resources, capital
continues to be drawn into the nuclear sectorv.
Technology bets include both microreactors as well
as SMRs. For companies such as Aalo Atomics and
ARC Clean Technology, DOE pilot and demonstration
program participation seems to provide a catalyst for
investment.

In 2025, through the beginning of the third quarter,
nuclear fission companies had already raised $1.3 billion
In equity funding. This was the sector’s highest annual
total on record and accounted for nearly 40% of all

nuclear fission equity investment since 2020. SMRs g " AW ) Gondensers & Cooling
. 0 R _ g ' -~ _E Main Electrical Building
and microreactors accounted for roughly 75% of total 2 N B Service Facility

nuclear fission funding. PG FlielHandling Annex Building

ﬂ > " | e .. HiCanhister Processing Facility.
cascad_,.e- A“dvanced Energy Ity _ o IFInter-unit Access Tunnel
More recently, advanced nuclear company X-energy INuclearisland | Rlchlani’\f}gsh‘mgton D S \ JISpent Fuel Intermediate Storage
conducted an initial public offering of its common stock R\ \=" B N ' )
in late April 2026, netting $959 million after underwriting
expenses. Although the public shares will have a
minority in both voting and economic interest in the

company, the offering saw strong demand.

Source: Amazon

ScottMadden, Inc.
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Fuel Availability Is Now a

Potential Constraint

With a goal of 400 GW of installed nuclear by 2050 and a push for at
least 10 large reactors under construction by 2030, plus anticipated
SMRs and uprates, adequate nuclear fuel supply will be needed to match
growing capacity.

Russian imports still accounted for roughly 20% to 25% of enriched uranium
used by U.S. reactors in 2024. With import restrictions now in effect, the
United States must replace more than three million separative work units
(SWUs) (a unit of capacity of enrichment plants) to sustain the current fleet,
not considering new demand. Note that the United States currently has one
operating enrichment plant, owned by Urenco, with a capacity of 4.9 million
SWU per year, compared with U.S. requirements of about 15 million SWU
per year.

Fuel is emerging as a potential bottleneck. Currently, no commercial-

scale high-assay low-enriched uranium (HALEU) production exists outside
Russia and China, and projected demand through 2030 is expected to far
exceed current capacity. DOE began allocating HALEU to advanced reactor
developers in April 2025, followed by a second round in August 2025.

* In January 2026, DOE issued the first $2.7 billion production-scale
enrichment task orders to Centrus, General Matter, and Orano to expand
low-enriched uranium and HALEU capacity.

e Centrus separately delivered 900 kg of HALEU to DOE, and Urenco brought
the first phase of its U.S. enrichment expansion into service.

ScottMadden, Inc.
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Implications Sources

The level of activity and announcements of nuclear power deals, World Nuclear Association; American Nuclear Society Nuclear Newswire;
projects, and programs has been proliferating, particularly since Nuclear Innovation Alliance; Nuclear Energy Institute; Power magazine; Utility
the Trump administration highlighted an enhanced commitment Dive; S&P Capital IQ; South Carolina Daily Gazette; Jeffries Financial Group

to and promotion of the industry. Inc.; Orrick; Blue Energy; Amazon News: The Breakthrough Institute; Executive

Order 14301 Pilot Program Tracker, at https://race-to-criticality.vercel.app/; U.S.
Department of Energy; DOE Idaho National Laboratory; U.S. Nuclear Regulatory
Commission; The White House; Regulations.gov; Federal Register

However, despite ambitious timelines for operation, particularly
for new units, projects still require steady development and
investment and a long view of execution. This measured
approach includes all parts of the value chain, including the
fuel supply chain.

ScottMadden, Inc.
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Electricity Affordability in Focus

The utility industry engages with regulators, policymakers, and customers about a critical issue.

Jac
d
A

Key Takeaways

Affordability, including energy affordability, remains a
concern among customers and a priority for utilities and
their regulators.

A recent Berkeley National Lab report on drivers of retail

electricity costs cites multiple factors and geographic
differences. There is no single national driver: cost
pressure is a mix of infrastructure, fuel, market, weather,
and policy effects that differ by region.

The impact of data centers, often cited as a significant
driver of energy costs, is uncertain and requires more
nuanced and detailed study looking at utility-level cost
of service.
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Regulators and the Utility
Industry Weigh In

Affordability—in current parlance, comprising the real or
perceived ability to maintain a standard of living or afford
necessities—is top of mind among many Americans.

Concern about rising energy costs has been a point of increasing
interest among regulators and policymakers. In recent comments

at a June 3 CLEANPOWER Conference, NARUC president Rendahl
noted that regulators are proactively addressing affordability by:

e Examining utility cost discipline and closely reviewing
investments in rate cases

e Approving large-load tariffs

* |ncreasing emphasis on energy efficiency and demand
response programs

* |ncreasing emphasis on customer assistance programs

Ensuring affordability is not new to utilities, but it gains increased
emphasis in a time of growing load and increased infrastructure
investment. At the Edison Electric Institute’s annual meeting in
June, utility CEOs emphasized the need to balance safety, reliability,
resilience, and growth with affordability as a central consideration.

ScottMadden, Inc.
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Drivers of Retail Price Trends:

. FIGURE 1
A Recent AnaIYSlS Trends and Drivers of Retail Electricity: Summary of Key LBNL Findings
In October 2025, Lawrence Berkeley National Laboratory (LBNL) released B L LR s
a study summarizing trends in retail electricity prices. The study explored i oL Pl L e G L R e e

. ) ational residential electricity prices ¥ All-sector average prices are only up
some of the most common drivers of state-level price changes over the surged from 2019 to 2025. 3% since 2019 in real dollars.
past year and cost driver/price relationships since 2019. That study was Regional Price Spikes Real Prices Down in 29 States

: HH : Larger increases in California and states A majority of states saw a decline in
uPdated and exPanded with additional reports in 2026. in the Northeast and Mid-Atlantic. inflation-adjusted prices (2019-2025).
. IF : High Electricity Burden Electricity Burdens Are Lower

Ac.cordlng to the reports, recent utility cost grgwth rgflects a layered mix TRt than in 2019 in Most Regions
of infrastructure, fuel, market, weather, and policy-driven pressures. The than 5% of their income to electricity. Total bills as a fraction of income are

reports note that national averages obscure substantial differences by state TEEl ElEEME (e
and region: some jurisdictions have experienced limited real-dollar change,
while others face significant rate pressure from localized cost drivers.

Primary Drivers of Inflation-Adjusted Price Increases
(2019-2025, focused on regions with significant price increases)

e Infrastructure investment is the most persistent structural driver.
Distribution and transmission spending have increased materially, LB A & LR © e LB UL L L
especially for aging asset replacement, reliability, resilience, grid CAISO +6.0¢ ISO-NE +0.8¢

hardening, and storm or wildfire mitigation.
NYISO +0.6¢
e Distribution cost growth is increasingly capital intensive. Planned

spending is focused more on managing and upgrading the existing CAISO +0.4¢
system than on capacity expansion or like-for-like replacement alone.

* Fuel and wholesale power costs remain major short-term drivers. +0.7¢ PJIM +0.4¢

Natural gas price volatility continues to affect retail prices, particularly in

regions with high gas exposure or wholesale market pass-through. Clean Energy Policy ~ >ome states in ISO-NE, NVISO, PJM, CAISO saw Increases up to 3¢/kWh due to

renewable portfolio standards, net energy metering, and cap-and-trade

* Weather and wildfire costs are significant regionally. Storm recovery,
wildfire mitigation, vegetation management, insurance, and hardening

Additional State-Level Drivers

) . . Customer Load Natural Gas - Generation Mix
are Iarge contributors in speuﬂc states. Load growth generally “ Longer term: reduced h-a Some evidence that nuclear/coal
reduced average prices, but -=m_  prices. 2025 vs 2024: 22 and wind/solar (outside of RPS)
* Load growth can help or hurt. It can spread fixed costs over more not in PJM starting in 2025. increased prices. put downward pressure on prices

sales but may raise rates when it triggers new capacity, transmission, or In some states.

distribution investment, depending upon rate structures.
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w59 Electricity Affordability in Focus

Multiple Groups Look at Data FIGURE 2
Center ImPaCtS on Energy PriCCS Comparison of Selected Papers on Rate Impacts from Data Centers

The role of growing large loads, particularly data centers,

has been a point of political interest. with increased scrutiny Cost pressure: Electric bills and rates are under pressure, but sources differ on how much is attributable to data
i _’ centers. National averages obscure jurisdiction- and context-specific drivers. Further, inflation, natural gas price
of data center deployments and Utlllty efforts to serve those volatility, wildfire mitigation, grid modernization, and market design/supply dynamics as major drivers.

customers. Recenﬂy, several organizations have examined Planning impacts: Data center load growth is large, fast, and important for utility planning. Large loads stress
planning, forecasting, interconnection, transmission, and resource adeguacy processes.

Load size: Large-load rate impacts depend on system conditions, not load size alone. A key issue is whether
revenues meet incremental costs and whether risk mitigation and allocation tools are in place.

One theme elect”C'ty cost pressure |S real and broad_based, Customer protection: Large-load tariffs and cost-allocation reforms are key customer protection tools.
Minimum bills, take or pay, contribution in aid of construction, exit fees, and collateral can reduce cost-shift risk.

the role of data centers on energy costs.

and data centers are an important accelerant in some markets,
but they are not the only driver, and their rate impact is highly

context specific.
o
Several pa!oers and z?rtlcles described !’|S|ng affordability -2 ~N Gaps in Knowledge
concerns tied to rapid load growth, grid upgrades, v
generation needs, and rate design questions. Causation: Central disagreement is whether data « Attribution: Precise attribution of data
centers have already driven retail rate increases. center-driven costs remains unresolved.
® HOWGVGI’, one report argues that current state-level evidence One analysis concludes that there is no Transmission costs: Transmission allocation is
.. i i . guantitative evidence that data centers have been more difficult because assets serve broader
does not show data centers dI’IVIhg hlgher retail eleCt”CIty subsidized by other customers, but that risk economic and reliability needs.
prices, even though data center load is growing rapidly. exists. PJM’s capacity market may be an Future tariff performance: Many risk mitigation
exception where growing load contributed to tools have not been fully tested through rate cases
_ _ wholesale cost increases. or at scale of expected growth.
A summary of key points of agreement and disagreement Load growth risk vs. opportunity: Customer Load forecasting: Load forecast risk is a major
among papers is shown in Figure 2 affordability and cost-shifting concerns vs. high unknown - whether some data centers will be built
load-factor customers spreading fixed costs over and how they will operate.
et . more usage and potentially lower rates if tariffs Metrics: Much discussion uses the term
A paper CommISSIO_ned by the Energ_y Systems Integratlon. and infrastructure planning are sound. “affordability,” but metrics differ and quantitative
Group (ES'G) prOVIdeS a balanced view:; |arge loads can False, analyses focus on rates and rate trends rather than

lower, or leave rates unchanged depending on (a) system affordability. Some disagreement on whether rate
. i increases have outstripped general inflation.

headroom, (b) incremental cost of new infrastructure (versus a

system’s average embedded cost), (¢) wholesale market price

exposure and market dynamics, (d) load forecast accuracy,

and (e) tariff design.

Sources: Brookings Institution; E3; ESIG-Brattle Group; EESI; Dallas Fed; IER; S&P Global
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A More Nuanced View with
Specific Analysis Required

Broad statements that “data centers raise rates” oversimplify the dynamics,
and more granular and region-specific analysis is required and should be a
focus of future study.

* First, some studies or commentary focused on negative affordability
impacts relied upon correlation rather than causation. Multivariate
analysis is needed to disentangle effects of other drivers of utility costs.
Further, a comprehensive cost of service analysis would yield the most
accurate view of factors impacting customer rates.

Second, affordability has varied and specific measures (e.g., utility bills,
percentage of household expenditures, etc.) and is not demonstrated
simply by the growth in utility costs and must be examined in context
with other variables.

Moreover, as shown in Figures 3 and 4, there is a wide spectrum

of both absolute residential electricity cost levels and cost growth
depending upon the state. A state- or utility-level view is needed rather
than a national or regional average.

An area of agreement among analysts is that the current load-growth era
has fostered a cost allocation, planning, and load forecasting challenge.
According to one analysis, the pace of change is a key forward-looking
risk. Risk mitigation tools such as large-load tariffs as well as regularly
updated cost allocation should be addressed and updated as needed to
minimize unintended ratepayer impacts.

ScottMadden, Inc.
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FIGURE 3

Average Residential Electric Revenue (¢/kWh) (2025)

11.81

Source: EIA; ScottMadden analysis
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FIGURE 4

Average Residential Electric Revenue/kWh
Compound Annual Growth Rate (2020-2025) (%)
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Implications

Affordability pressure is becoming more infrastructure driven, more
regionally differentiated, and more dependent on regulatory choices.
Cost containment will increasingly depend on how utilities plan,
justify, prioritize, finance, and recover large capital programs. Capital
discipline will grow in importance, as regulators will increase scrutiny
on planned utility investments.

The narrative of national averages and selected attribution masks
important jurisdictional differences. Transparency and specificity in
the need, rationale, and types of investments and operating costs

will help in utilities’ justifications to regulators and customers. Active
engagement of and communication with stakeholders about a utility’s
uniqgue circumstances will help differentiate the broad narrative from
the needs of the particular utility.

As large loads grow and electrification continues to expand, the
iIndustry will need to study impacts on costs and the effectiveness of

mechanisms aimed at limiting risk of cost-shifting between rate classes.

ScottMadden, Inc.

Sources

Brookings Institution; Energy + Environmental Economics; Energy Systems
Integration Group-Brattle Group; Environmental and Energy Study Institute;
Federal Reserve Bank of Dallas; Institute for Energy Research; S&P Global;
Utility Dive; Resources for the Future; Edison Electric Institute
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CONTACT OUR EXPERTS
On Electricity Affordability in Focus
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SEPA Portugal Factfinding Mission and Lessons from a Blackout

An energy system factfinding visit generates thoughts on requirements for a high inverter-based resource grid.

Key Takeaways

ScottMadden joined SEPA in traveling to Portugal and
studied how a high inverter-based grid operates.

The visit took place within months of a spring blackout on
the Iberian Peninsula in which voltage control and a lack
of reactive power led to cascading grid failure.

A key theme from the Portugal factfinding was that in low-
inertia environments, conventional methods of grid operation
must change, requiring new tools and models, increased
visibility into local systems, and increased resource flexibility
with compensation and requirements to incentivize it.

scottmadden

MANAGEMENT CONSULTANTS
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SEPA Portugal
Facthnding Mission

The Smart Electric Power Alliance (SEPA) is a leading industry
organization focused on accelerating the electric power sector’s
transformation to a modern energy future through convenings,
education, research, collaboration, and insights.

* One recurring activity is the annual factfinding mission, which
involves member visits to selected regions of the world and learning
from grid operators, utilities, and regulators about trends in grid
development.

* |In October 2025, ScottMadden and a delegation of SEPA members
went to Portugal, seeking to learn about impacts of its rapid and
growing integration of renewable energy.

Renewable electricity supplied 85% of Portugal’s energy demand in
2024. Significant solar and wind capacity as well as 8 GW of pumped-
storage hydropower comprise much of the resources, with natural gas
playing a limited and flexible role.

A major blackout on the Iberian Peninsula on April 28, 2025 (the
“Iberian blackout”), dominated the discussion during the factfinding
trip. Originating in Spain, the Iberian blackout lasted more than 10
hours in some areas and affected 55 million people. A summary of key
events is shown at Figure 1.

ScottMadden, Inc.

FIGURE 1
Timeline of the Iberian Power System Disturbance (Apr. 28, 2025)

From Continental Oscillation to Interconnection
Collapse (Apr. 28, 2025) (Times Below in CEST)

12:00 =
3 Observations

2 12:03-12:07—Initital Disturbance
 Operators detect a local forced
oscillation (power, voltage,
frequency swings).
e |nitital mitigation begins.

Oscillatory behavior
appeared well before

the collapse.

The critical transition was
the fast voltage rise starting

12:19-12:22—Continental Mode Emerges around 12:32.

* A second oscillation appears Once major generation
consistent with East-Center-West trips began, the system
continental mode. deteriorated within seconds.

e Propagation risk increases. The event moved from
- i i instability to separation
12:20-12:30—Stabilization Actions faster than traditional manual

Operators attempt containment: intervention could stop.
 Transmission switching to
reduce impedance
e Spain-France HVDC fixed-power mode
* Cross-border transfer reductions

12:30—Temporary Stability
e System appears stabilized.

12:32:59-12:33:19—Protection Cascade I 3 0

« Overvoltage triggers successive minutes
generation trips.

« Protection systems cascade.

12:33:19—Synchronization Lost The Iberian blackout was

e Loss of synchronization. preceded by

e Interconnection separation. - -

* Load shedding insufficient. ?f oscillations
and containment efforts

12:33+—System Collapse before the system

* Failures accelerate. rapidly unraveled into
e Voltage nears protection thresholds. cascading failure.
* Widespread collapse.

Sources: SEPA and ScottMadden, Operational and Market Design Lessons from a High-IBR Grid (Mar. 2026)
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Final Expert Report
Findings on the Blackout

The European Network of Transmission System Operators for Electricity (ENTSO-E),
created under European Union law, provides technical coordination among European
transmission system operators. ENTSO-E released a detailed study of the events and
causes of the Iberian blackout and provided recommendations (ENTSO-E Report).
Root cause events were largely concentrated in Spain.

The report identified the critical issue of voltage control and the failure of or lack of
conventional resources to deliver reactive power that would absorb voltage changes
(and no economic consequences). The report identifies several other causes that
affected response to system conditions, including:

e Manual operations: Manual shunt-reactor switching, which required decision-making
and processing time

* Less flexible resources: Fixed power-factor operation for many renewable energy
sources, which negated reactive power provision on voltage changes by those
resources

* Unaligned designs: Local generation-network voltage-control designs not aligned with
system needs and contributed to disconnections while the network was within limits

* On the edge: A narrow margin between Spain’s 400 kV wider operating range (than
other EU countries) and generator disconnection thresholds

The system had reactive resources but not enough fast, visible, controllable, and
effectively deployed dynamic voltage response. The report also noted that system inertia
could have slightly dampened inter-area oscillations, but additional inertia would not
have avoided the loss of system synchronism considering the sequencing of events.

ScottMadden, Inc.
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ENTSO-E Recommendations
on the Blackout

ENTSO-E prepared a set of recommendations grouped into
two categories: those directly linked to root causes of the
incident and those not directly linked to root causes.

As mentioned previously, the operational issues were
largely within the Spanish grid operator’s purview, but
this illustrates the potential adverse effects on adjacent,
interconnected regions such as Portugal.

The summary table at Figure 2 shows high-priority
recommendations made by the ENTSO-E expert panel. In
the introduction to the recommendations, the panel stated:

“The increasing penetration of variable renewable and
distributed generation, further market integration,
broader electrification, and evolving environmental
and geopolitical risks place the European electricity
system under increasingly challenging operational
conditions, requiring higher levels of resilience.

The recommendations address voltage control and
reactive power management, oscillatory stability,
and generation disconnection behavior. They further
aim to enhance the effectiveness of system defense
mechanisms and the robustness and preparedness of
restoration processes.”

ScottMadden, Inc.

FIGURE 2

High-Priority Recommendations of ENTSO-E Expert Panel Related to Blackout Root Causes

Area

Voltage and Reactive
Power Assessment

Voltage Control Mode

Operating
Voltage Range

Inter-Area
Oscillations Mitigation

Notes: The panel also had high-priority recommendations for non-root cause events, including
improved post-event simulations and mandating realistic and periodic black start tests.

Source: ENTSO-E

Recommendation

Create guidelines and ensure adequate
plans for voltage support capabilities.

Ensure generators use voltage control
mode and explore centralized/zonal
voltage regulation.

Ensure that a harmonized operating
voltage range is effectively applied
across Europe by avoiding or
removing deviations that allow
operation outside this range.

Establish a framework for Continental
Europe (CE) Synchronous Area
interarea oscillations mitigation.

Rationale

Having sufficient MV Ar support
capabilities avoids voltage collapse
and fast cascading disconnections.

Automatically adjusts reactive power
to maintain appropriate voltage
levels during grid variations.

Spanish operational procedures allowed
operation outside European standards and
failed to ensure sufficient safety margins
between normal operation and voltages
where disconnections occur.

Europe has a low-damped interarea mode
that can affect its operational security,
exacerbated by fewer synchronous
generators, more inverters, extension with
new countries’ connections, etc.
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Panning Out:
Lessons Learned from Portugal

While the events of the April 2025 Iberian blackout were not
precipitated by the Portuguese grid, it shares characteristics
of the adjacent Spanish grid with high and growing levels of
inverter-based resources (IBRs).

As the SEPA/ScottMadden report on the factfinding trip observes:
Portugal’s high-IBR experience demonstrates that renewable growth
changes reliability needs, not just the resource mix.

e Resource adequacy alone is insufficient: stability depends on
voltage control, inertia, and local system strength.

e Operators need updated models, protection schemes, situational
awareness, and training for low-inertia conditions.

* Flexibility is now a reliability requirement, including storage,
demand response, aggregation, and fast response.

e Markets must explicitly value reliability attributes such as reactive
power, inertia, voltage support, and ramping.

e Local constraints still drive outcomes, even within integrated

markets and shared operations.

For U.S. utilities, Portugal highlights the need to modernize
operations, planning, and market design alongside renewable
resource deployment (see Fig. 3).

ScottMadden, Inc.

FIGURE 3
Lessons for U.S. Utilities

U.S. utilities must modernize operations,
models, and markets to effectively
manage high-IBR environments.

Coordination across RTOs/ISOs, states,
and planning authorities is essential.

Operational tools and training should be
updated for low-inertia conditions.

Local stability modeling should include
system strength and inertia.

Planning must account for new load and

distributed energy resource interactions.

Sources: SEPA and ScottMadden

Markets should explicitly value and
procure stability services.

Develop scalable flexibility business
models like demand response
and storage.

Strengthen grid-edge management and
distributed flexibility programs.

Enhance regional coordination
and alignment on system strength
and stability.

Recognize that adding capacity alone
does not ensure reliability; operational
practices are equally critical.

www.scottmadden.com/insight/operational-and-market-design-lessons-

e e
il

‘_"5-'5 oy from-a-high-ibr-grid/ for additional insights on Portugal and lessons for the

United States. A companion webinar was held in late April 2026. A replay
can be found at https://sepapower.org/event/what-portugal-taught-us/.
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Implications Sources

The Iberian Peninsula’s recent experience shows that Smart Electric Power Alliance and ScottMadden, Operational and Market Design
decarbonization efforts can drive rapid renewable integration Lessons from a High-IBR Grid (Mar. 2026); ENTSO-E, Grid Incident in Spain and
but may require new tools, models, and market reforms to ensure Portugal on 28 April 2025: ICS Investigation Expert Panel Final Report (Mar. 20,
reliability in low-inertia, high inverter-based resource (IBR) 2026): NERC: ScottMadden analysis

systems. Conventional grid management approaches must adapt
to fast dynamics and local system strength. As IBR penetration
iIncreases, markets will need to explicitly require and value stability
attributes.

With significant solar capacity in U.S. interconnection queues
and some jurisdictions and utilities promoting their deployment,
some regions risk facing similar system challenges as Portugal.
The North American Electric Reliability Corporation (NERC),
North America’s electric reliability organization, has parallel work
streams under way, addressing issues such as voltage/frequency
ride-through for IBRs. e T

Utilities, regulators, and NERC will need to continue to project,
monitor, and proactively prepare for system changes as IBRs e e b &
grow in penetration in the U.S. bulk electric system. L 5 g
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THE ENERGY INDUSTRY
IN CHARTS

As discussed earlier in this Energy Industry Update, electricity
affordability is increasingly a concern of customers and
regulators. DOE’s Lawrence Berkeley National Laboratory
(LBNL) performed analyses of drivers of retail price trends.

The 2025 LBNL study (and related peer-reviewed paper), and
its April 2026 update, contained analysis of trends in retail
electricity prices, drivers of price changes from 2019 to 2025,
a deep dive into impact of accelerated load growth, and early
2026 indicators.

We have included in this section two charts from that analysis.
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FIGURE 1
InVCStOl‘—OWlled U.S. Investor-Owned Utility Rate Change Requests

ol e ($ Billions in Increased Revenue Requirements, Inflation-Adjusted to 20259%)
Utility Revenue Increase

$18
Request Trends

$16
LBNL observes that investor-owned $14
utility revenue increase requests in
2025 totaled $18 billion (see Figure 1), $12
suggesting “continued price increases in "
the near term.” - $10
Because the rate increase requests are E $8
focused on base rates and some rate &
riders but exclude certain other charges, $6
the data are incomplete. However,
they comprise a “directional signal” of $4
changes in cost and hence prices. $2

0]

2001 2005 2010 2015 2020 2025

Source: Lawrence Berkeley National Laboratory & The Brattle Group
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National Residential
Affordability Trends

Per LBNL, the charts at Figure 2 illustrate
two things.

First, total residential electricity costs as a
fraction of personal expenditure was 1.25%
in 2025, near an all-time low—but slightly
above the 2024 level.

Further, total residential electricity costs
as a fraction of total income was also near
an all-time low, at 1%—but largely flat in
recent years and with a slight increase

in 2025.

ScottMadden, Inc.

FIGURE 2

Residential Electricity Costs as a Fraction of Personal Consumption Expenditures and Personal Income

Residential Electricity Costs as a Percentage
of Personal Consumption Expenditures
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Source: Lawrence Berkeley National Laboratory & The Brattle Group
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| GLOSSARY

AGI
artificial general intelligence

Al
artificial intelligence

ANS
American Nuclear Society

BTM
behind the meter

CFR
U.S. Code of Federal Regulations

DOE
U.S. Department of Energy

DOW
U.S. Department of War

EEI
Edison Electric Institute

EIA
U.S. Energy Information Administration

ScottMadden, Inc.

ENTSO-E

European Network of Transmission System Operators
for Electricity

EPS
earnings per share

ESIG
Energy Systems Integration Group

FERC
U.S. Federal Energy Regulatory Commission

GW
gigawatt

GWe
gigawatt-electric

GWt
gigawatt-thermal

HALEU
high-assay, low-enriched uranium

IBR
inverter-based resource

ISO
independent system operator

kV
kilovolt

KW
kilowatt

LBNL

U.S. Department of Energy’s Lawrence
Berkeley National Laboratory

[l
million
M&A

mergers and acquisitions

MW
megawatt

MWe
megawatt-electric

NARUC

National Association of Regulatory
Utility Commissioners
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NERC
North American Electric Reliability Corporation

NRC
U.S. Nuclear Regulatory Commission

PSC
public service commission

ROE
return on equity

RTO
regional transmission organization

SEPA
Smart Electric Power Alliance

SMR
small modular reactor

SWU
separative work unit

T&D
transmission and distribution

ScottMadden, Inc.
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ENERGY PRACTICE
ScottMadden Knows Energy CONTACT US

ScottMadden’s Expertise in Action: From Strategic Andy Flores

Imperatives to Practical Solutions

With over 40 years of experience, we have assisted our utility clients
iNn navigating their most significant challenges. Our extensive expertise
enables us to provide comprehensive support tailored to meet your
needs, transitioning from strategic imperatives to effective solutions.

aeflores@scottmadden.com

R, 404.814.0020

Marc Miller
Join Us For More Visit Our

ScottMadden will host a free webcast Subscription Page

on Tuesday, August 18, from 1to 2
pm ET. Join us for a chance to hear
directly from our experts and ask
questions on topics related to large
loads, utility themes, and recent
developments in nuclear power.

MDMiller@scottmadden.com

R, 404.814.0020

Subscribe for
our latest insights.

Greg Litra

glitra@scottmadden.com

R, 919.781.4191

The ScottMadden
Enel‘gy EXChange POdcaSt (A} THE SCOTTMADDEN

Our industry authorities have decades  Foy : @ ENERGY EXCHANGE
of experience. On the ScottMadden E-RIER -l Listen to the latest
Energy Exchange, listen to experts # episodes here!
sharing highly actionable guidance on

critical topics for an industry facing

unprecedented change.

ScottMadden, Inc.
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