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Achieving net-zero emissions will require large-scale change across all sectors of
the economy, and efforts to drive this transition are intensifying. Over the past
several years, through the Climate Innovation 2050 initiative, the Center for
Climate and Energy Solutions (C2ES) has engaged closely with leading companies
across diverse sectors to examine challenges and solutions to decarbonizing the
U.S. economy by 2050. As we lay out in Getting to Zero: A U.S. Climate Agenda,
reaching net zero will require large-scale change, but it will also require us to
address a number of discrete and urgent challenges." To inform policymakers
considering these near- and long-term questions, C2ES launched a series of
“Closer Look” briefs to investigate important facets of the decarbonization
challenge, focusing on key technologies, critical policy instruments, and cross-
sectoral challenges. These briefs explore policy implications and outline key
steps needed to reach net zero by mid-century.




HIGHLIGHTS

Al data centers are emerging as a new

driver of investment in clean firm power
technologies—Ilow- or zero-carbon sources that
run on demand, such as long-duration energy
storage paired with clean energy resources,
traditional and advanced nuclear, next-
generation geothermal, biomass energy with
carbon capture and storage, and natural gas with
carbon capture and storage.

Both hyperscalers and utilities have
compelling reasons to support clean firm
power: hyperscalers are driven by the around-
the-clock power needs of Al data centers and
sustainability commitments, while utilities are
motivated by reliability requirements, state clean
energy mandates, investor expectations, and
corporate decarbonization goals.

Al-driven deals are reducing the financing
risks of clean firm power technologies, which
often face higher costs and longer deployment
timelines than unabated natural gas, the primary
source of power for U.S. data centers today.

Targeted policy support can complement
Al-driven investment in clean firm power by
accelerating project development, reducing
technology costs, protecting ratepayers, and
helping clean firm technologies scale and
compete more effectively as major power
sources for both Al data centers and the broader
power sector.
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Executive Summary

The rise of artificial intelligence (Al)-driven data centers presents a generational
opportunity to attract significant capital for clean firm power technologies.
These technologies can provide low- or zero-carbon power on demand and
thus are critical to achieving economic prosperity and environmental goals.
Through a series of case studies, this paper examines why some hyperscalers—
companies that own and operate large, globally distributed data centers—are
pursuing clean firm technologies despite their higher upfront costs and longer
development timelines compared with conventional firm options. It also explores
what these investments could mean for the U.S. power system amid rising
electricity demand. The paper finds that:

» The around-the-clock power needs and capacity requirements of Al
data centers, combined with ambitious sustainability commitments, give
leading hyperscalers strong incentives to invest in clean firm electricity.

« Utilities see strategic value in deploying clean firm technologies due to
reliability needs, state clean energy requirements, investor interests, and
corporate decarbonization goals.

« Innovative tariff structures and long-term power purchase agreements
support clean firm projects linked to Al data centers by reducing financing
risks for utilities and technology providers.

» The ultimate climate impact of Al data center growth remains uncertain,
given that unabated natural gas remains the dominant source of electricity
for U.S. data centers seeking near-term power.

» The primary value of today's Al-driven clean firm investments lies in their
ability to accelerate learning-by-doing, drive down technology costs,
create offtake certainty, build investor confidence, and lay the foundation
for long-term commercial viability.

« While Al-driven demand may help accelerate the market adoption of
clean firm technologies over time, targeted policy support is needed now
to accelerate energy project timelines, reduce technology costs, protect
ratepayers, and ultimately help clean firm technologies compete and scale
more effectively.

« Paired with Al-driven investments, policy support can help scale clean
firm technologies more rapidly, enabling their earlier adoption as major
power sources for both Al data centers and the broader power sector.
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Introduction

U.S. electricity demand is rising once again after remaining flat for two
decades.”? A 2025 estimate projects demand growth of 1.5 to 1.7 percent
annually over the next 15 years, resulting in a cumulative increase of
approximately 25 to 29 percent by 2040.% While the growth of Al-driven data
centers has garnered significant attention as a leading factor to rising electricity
demand—alongside reshoring manufacturing and growing electrification in
sectors like transportation, buildings, and industry—estimating their associated
future power needs remains challenging.* Much of this uncertainty is tied to
the pace at which new Al data centers can be built and the long-term demand
growth of Al services. Supply constraints, including material shortages of
semiconductors, storage chips, and copper can slow data center development.
Additional headwinds come from tariffs; inflation; high interest rates; labor
constraints; limited availability of engineering, procurement, and construction
contractors; regulatory and permitting hurdles; and community opposition. At
the same time, ongoing improvements in Al system efficiency and load flexibility
may moderate future electricity demand from these same facilities.

Despite these uncertainties, several analyses project substantial growth in

data center electricity consumption, though ranges vary. One 2026 analysis
estimates that data centers could consume 9-17 percent of U.S. electricity
generation by 2030—more than double current use.® Currently, Al workloads
are estimated to account for up to 25 percent of data center electricity demand.®
Based on these estimates, Al workloads alone could account for roughly 2-4
percent of total U.S. electricity demand by 2030, though the actual share could
be significantly higher as Al workloads continue to grow as a proportion of
overall data center electricity consumption.”

After making significant progress on decarbonization in recent decades, the
U.S. power sector faces a critical question: how can it continue reducing
emissions while ensuring reliable and affordable electricity amid rising demand?
The answer will depend, in part, on how much of that growing demand is

met by clean firm power technologies, which can ramp electricity generation

up or down to meet demand—known as dispatchable generation in industry
parlance—while producing low- or zero-carbon dioxide emissions. While
definitions of clean firm technologies vary, this paper focuses on long-duration
energy storage (LDES) paired with clean energy sources, traditional and
advanced nuclear, next-generation geothermal, biomass energy with carbon
capture and storage (BECCS), and natural gas with carbon capture and storage
(CCS).2 The rise of Al-driven data centers presents a once-in-a-generation
opportunity to channel substantial investment toward scaling these technologies
that will be critical to meeting system-wide goals. Through their investments

in Al-connected clean firm projects, leading hyperscalers—companies that

own and operate large, globally distributed data centers—are helping reduce
financing risk for utilities and technology providers.

Despite this potential, the climate legacy of Al-driven data centers remains
uncertain. Hyperscalers must meet rapidly growing electricity demand today,
not years from now, to support their Al operations, which carries significant
economic and national security implications. Moreover, although leading
hyperscalers are generally more willing than other customers to pay a premium
for cleaner technologies, costs remain a key factor for them. While some
hyperscalers are investing in clean firm technologies, unabated natural gas
followed by intermittent renewable generation remain the dominant sources of
electricity for data centers in the United States, though energy portfolios vary
across individual hyperscalers.® As a conventional firm resource, natural gas is
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mature, dispatchable, and generally faster to deploy and less costly than clean
firm alternatives, though it is also more emissions intensive. Al-driven demand
may help accelerate clean firm power adoption over time; however, targeted
policy support is needed now to accelerate energy project timelines, reduce
technology costs, protect ratepayers, and ultimately help clean firm technologies
compete and scale more effectively. Paired with Al-driven investments, policy
support can help scale clean firm technologies more rapidly, enabling their
earlier adoption as major power sources for both Al data centers and the
broader power system.

Al's Environmental Footprint & Handprint

The "footprint” and “"handprint” concepts provide a useful framework for assessing Al's overall
environmental impact. Footprints capture the negative environmental impacts associated with an
activity, while handprints measure the positive benefits it enables.’® Much of the public debate has
focused on Al's footprint, including the electricity and water consumption associated with operating
data centers, their effects on local air quality, and the environmental impacts of manufacturing high-
performance computing hardware for those facilities. These critiques are well founded. Equally
important, however, is Al's potential handprint. This paper examines one potential handprint impact
of Al: the ability of Al-driven data center demand to catalyze investment in clean firm technologies.
Future research could explore broader handprint outcomes associated with the application of Al
itself, including its potential to support the clean energy transition by accelerating research and
development (R&D), streamlining permitting, and improving grid planning and management.

Al's Footprint

Although data centers have existed since the 1940s, the rise of Al has dramatically increased their
power demand, as Al-focused facilities require more energy per square foot than traditional data
centers." Just a decade ago, a 30-MW data center would have been considered large.'? Today,

Al data centers with capacities of up to 11 GW are under development, exceeding New York City's
peak electricity demand during an extreme heat wave." The size of Al data centers may evolve as
computing efficiency and load flexibility improve and as some Al inference workloads shift toward
smaller, more distributed facilities. However, the growing demand for Al in aggregate is likely to
significantly increase electricity consumption from these facilities in the near and medium term.

With current technologies, significant amounts of water are typically needed for data centers to cool
the hardware used for training and deploying Al models.' One estimate projects that from 2024

and 2030, U.S. Al servers could have an annual water footprint of 731 to 1,125 million cubic meters—
enough water each year to meet the annual needs of more than 1to 2 million U.S. households."®
While there are options to reduce water consumption in Al data centers, each comes with its

own tradeoffs. For instance, air cooling can lower water usage, but results in greater electricity
consumption.'® Similarly, closed-loop cooling systems can conserve water, but require higher
installation costs."”

Data centers can also contribute to local air pollution, particularly through diesel generators that are
often used for backup power.'® These generators emit pollutants, such as nitrogen oxides and diesel
particulate matter, which are linked to respiratory illnesses and other adverse health outcomes.'®
Data centers that rely on unabated natural gas—powered generation can also affect local air quality,
as nitrogen oxides are among the primary pollutants produced during combustion.?°

In addition, data centers require high-performance computing hardware, which creates additional
impacts from manufacturing.?' Semiconductors are the foundational materials used to make chips,
which enable data processing in everything from cell phones to data centers. Their manufacturing
requires large quantities of raw material, water, and energy, and generates substantial waste and
emissions.??

Beyond the Boom CENTER FOR CLIMATE AND ENERGY SOLUTIONS




Al's Handprint

Al has the potential to play a critical role in the scientific discovery and R&D of clean energy
technologies. At Carneige Mellon University, researchers are utilizing Al to accelerate the discovery-
to-deployment pathway of innovative materials solutions across the energy sector, including
through the automation of critical mineral extraction and material design.?® Additionally, the U.S.
Department of Energy (DOE) has identified Al as a tool to accelerate nuclear fuel testing, including
by optimizing material selection to reduce waste.?* In the carbon capture space, the DOE has also
highlighted Al's potential to enable the discovery of novel sorbents or materials that capture carbon
dioxide.?® Finally, Al could help generate models that integrate geospatial analytics to optimize
carbon dioxide transport, as well as identify and manage suitable geothermal sites using satellite
imagery and seismic data.?®

Public and private sector actors have begun to explore early initiatives that use Al to help accelerate
the permitting process, a longstanding bottleneck that can delay the deployment of energy
infrastructure, including clean energy projects. The Pacific Northwest National Laboratory, in
partnership with the DOE's Office of Policy, is developing PermitAl—an Al-enabled effort that
aggregates decades of National Environmental Policy Act documents into a public, machine-
readable dataset to improve the speed, consistency, and quality of environmental reviews.?” In

April 2025, PJM interconnection also launched a multiyear partnership with Tapestry to streamline
the grid operator's interconnection process using Al-powered tools.?® These tools are intended to
automate application intake and data verification, unify disparate grid modeling databases into a
single collaborative platform, and support faster integration of new energy resources.?®

Another promising application of Al is in grid planning and management, facilitating clean energy
integration while improving grid reliability and resilience. Al has the potential to help forecast future
electricity demand, anticipate how renewable energy sources will perform, and identify the best
locations for them to support smarter, more efficient grid expansion.®° Additionally, Al could be
used to coordinate distributed energy resources during grid disruptions, enabling backup power
during emergencies like extreme-weather events.®' As climate change drives more frequent and
severe extreme weather events, Al can also play a proactive role in improving outage prediction by
enabling more informed decision-making by grid planners and operators.3? Realizing these benefits,
however, will require robust cybersecurity safeguards and governance frameworks to ensure that
the integration of Al in grid planning and management does not introduce new vulnerabilities to
critical energy infrastructure.

Beyond the Boom CENTER FOR CLIMATE AND ENERGY SOLUTIONS Page 7 A
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The Demand for Clean Firm
Technologies in the Era of Al Data
Centers

Clean firm technologies offer several benefits, including high utilization

rates and reliable operation regardless of weather.®® These characteristics
minimize the need to overbuild capacity and energy storage, reduce land-use
change, decrease transmission buildout, and ultimately lower the systemwide
cost compared to electric grids that rely solely on variable renewables and
batteries.®* Wind and solar, however, will continue to play a critical role in
power sector decarbonization due to their lower upfront costs and growing
deployment. When paired with short-duration energy storage, such as lithium-
ion batteries, variable renewables (e.g., wind and solar) can help balance

daily fluctuations in electricity supply and demand and, in some cases, can be
deployed as quickly as, or more quickly than, fossil fuel generation.®®> However,
short-duration energy storage serves a different role than clean firm power.
While it is effective for improving dispatchability over the course of hours,
extending lithium-ion storage to durations needed for multi-day reliability is
unlikely to be economically optimal.®® Instead, research suggests that a portfolio
combining clean firm technologies, variable renewables, and short-duration
energy storage could reduce total electricity costs in a fully decarbonized
electric grid by 10-62 percent.®”

Because Al data centers require continuous power for extended periods of time
and often operate at very high utilization loads, hyperscalers are prioritizing
access to reliable, on-demand sources of electricity. While emerging tools (e.qg.,
EmeraldAl's Conductor platform) are creating new opportunities to increase

the load flexibility of Al data centers, conventional firm resources remain the
preferred option for meeting these current operational requirements.>® Unabated
natural gas generation without carbon capture is a commonly deployed
conventional firm resource and the primary source of electricity for U.S. data
centers.®®

Nevertheless, the major hyperscalers, including Google, Meta, Amazon, and
Microsoft, have sustainability commitments that strengthen their willingness

to pursue clean firm technologies despite their higher upfront costs and

longer development timelines relative to conventional firm options.*® Some
hyperscalers, such as Google, have also committed to matching clean electricity
purchases to the hour and location of use.*' Clean firm technologies can play

a critical role in meeting this goal, as variable renewables do not generate
electricity continuously (e.g., solar photovoltaic cells do not generate electricity
at night). While hyperscalers can procure variable renewable energy credits to
align with 24/7 hourly demand—a topic outside the scope of this paper—clean
firm technologies may be necessary to meet that demand on a location-specific
basis.

Electric utilities also have reasons to procure clean firm technologies, including
reliability needs, state clean electricity standards, investor interests, and
corporate emissions reduction goals. The grid is currently highly reliable, with
the average U.S. customer experiencing only about 1.3 electricity interruptions
and five hours of total outage time per year between 2013 and 2021.% As
utilities work to meet growing electricity demand while pursuing decarbonization
goals, clean firm resources will be essential to maintaining that reliability.
Complementary priorities are already driving greater collaboration between
utilities and leading hyperscalers to deploy these solutions. Moving forward,
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The era of Al
presents a pivotal
opportunity to speed
the buildout of clean
firm power, enabling
these technologies
to meet rising
electricity demand
while advancing
power sector
decarbonization.

stronger private-sector commitments to front-of-the-meter power
generation for data centers—generation located on the utility side of
the meter—could help deepen these partnerships and enhance grid
reliability and emissions reductions through a wider deployment of
clean firm technologies.

Over the past few years, there have been several announcements
connecting Al-driven data centers to clean firm power projects.
Emerging technologies, including BECCS, LDES, advanced nuclear,
and next-generation geothermal, are attracting increased attention
from leading hyperscalers and utilities. Meanwhile, commercially
available but higher-cost technologies are also regaining traction,
particularly traditional nuclear, which has seen several plant closures
in the United States, and carbon capture, which has recently been
affected by DOE's project cancellations.*®

Some hyperscalers are providing valuable financial support for clean
firm technologies through innovative tariff structures and long-term
power purchase agreements. These instruments are helping accelerate
deployment of clean firm generation, as they can reduce investment
exposure for utilities and technology providers, demonstrate proof

of concept to build investor confidence, and support higher-cost
technologies as they scale and move down the cost curve. The era of
Al presents a pivotal opportunity to speed the buildout of clean firm
power, enabling these technologies to meet rising electricity demand
while advancing power sector decarbonization.

Below (and summarized in Table 1) is a selection of clean firm
technology projects announced in recent years that are connected

to the growing electricity demand from Al and data centers. These
case studies explore the benefits of various clean firm pathways—
both in meeting the needs of Al-driven data centers and in advancing
broader system goals, such as decarbonization, grid reliability, and
affordability. The case studies draw on publicly available information.
In addition, the analysis and interpretation in this paper were informed
by several interviews with key stakeholders of the featured projects.
These conversations provided context and insights that helped shape
the case studies, though interviewees are not directly quoted or
attributed. It is important to note that project announcements do not
guarantee deployment. Many of the featured technologies continue to
face significant implementation barriers.

Beyond the Boom
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TABLE 1: AI-DRIVEN DEMAND FOR CLEAN FIRM TECHNOLOGIES: SELECTED PROJECT PIPELINE

Case Study

Project Partners

Arbor Energy,
GridMarket

Form Energy,
Google, Xcel
Energy

Broadwing
Energy, Google

Amazon,
Dominion
Energy

Constellation,
Microsoft

Meta, Sage
Geosystems

Announcement Date Technology Location Estimated Capacity (MW) Target Commercial Operation
Date*
March 2026 Natural gas + To be 5,000 2029
CCS/BECCS announced.
February 2026 Wind/solar + Minnesota 1,400 (wind) 2028-29
— 200 (solar)
300 (iron-air battery
storage)
October 2025 Natural gas + [llinois 400 2030
CC$
October 2024 Advanced Virginia 300 To be determined.
nuclear (SMR)
September 2024 Traditional Pennsylvania 835 2027
nuclear
August 2024 Next- East of 150 Phase 1: 2027
generation the Rocky
geothermal Mountains

“Target commercial operation date refers to the clean firm component of each project, not the associated data center.

Note: This list is non-exhaustive and reflects a selection of recently announced projects, ordered by announcement date.

Case Study A: Natural Gas + CCS / BECCS (Arbor Energy and
GridMarket)

Arbor Energy is an energy startup founded in 2022 focused on delivering clean
baseload power through flexible turbine technology designed to operate with

either natural gas and CCS or BECCS. Arbor's approach centers on its use of
modular gas turbines, which the company claims can be deployed more quickly
than traditional turbines.** This rapid deployment could be especially attractive to
data center customers who must prioritize quick access to power, particularly as
original equipment manufacturers currently quote lead times of five to seven years
for traditional gas turbines—a backlog caused by persistent post-pandemic supply
chain constraints.”®> Because they operate at a lower firing temperature, Arbor can
use 3D-printed turbines, which the company argues enable a more flexible supply
chain.*® For data center customers with sustainability commitments, Arbor also
claims a carbon capture rate of up to 98 percent through oxy-fuel combustion—a
combustion approach that produces a highly concentrated carbon dioxide stream
that is easier to capture.*’ If the company achieves this capture rate, it would exceed
the typical 90 percent capture rate typically targeted by conventional gas turbines
with CCS, enabling the delivery of clean firm power.*® In cases where appropriately
certified biomass is used as the fuel source, the integration of carbon capture could
enable net-negative carbon dioxide emissions.*®

In March 2026, Arbor signed an agreement with GridMarket—an energy
optimization platform that connects clean energy projects with sites and buyers
(e.g., hyperscalers).>° Under the agreement, Arbor announced plans to supply up to

Beyond the Boom
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The underlying value
of the power depends
on the ability to
securely store the
captured carbon
dioxide.

5,000 MW of power to the data center sector, with deliveries expected
to begin in 2029.%" While Arbor has not specified the types of data
centers that will be served through this partnership, the agreement
appears aligned with growing Al-related demand, as GridMarket has
highlighted “speed to power"” or timely electricity supply as a critical
factor in supporting Al infrastructure development.®?

A partnership with a platform like GridMarket is particularly valuable
for early-stage companies like Arbor. Despite strong venture capital
backing in its early funding round, Arbor still faces many of the
challenges common to emerging technology companies.>® Namely,
both the company’s pilot and commercial demonstration projects are
still underway, which may limit appeal for offtakers that favor nth-
of-a-kind (NOAK) technologies—those that have been successfully
deployed at commercial scale multiple times. By facilitating forward
purchase agreements with early adopters, GridMarket can help Arbor
demonstrate its technology at commercial scale and accelerate its path
to broader market adoption. If Arbor can prove its ability to serve Al-
driven data centers, it could eventually expand into more risk-averse
markets, including utilities and industrial customers.

One barrier to the development of carbon capture projects like those
planned by Arbor is the sequestration component, which remains

a particular challenge for bespoke projects and smaller companies
that lack established transport and storage infrastructure. Class VI
well operators, which develop and manage the geologic storage
sites needed for CCS, must have confidence that sufficient volumes
of captured carbon dioxide will be available to justify the economics
of well development. At the same time, carbon capture developers
often need firm commitments for transportation and storage before
they can move projects forward. This creates a classic chicken-and-
egg challenge: storage developers need guaranteed carbon dioxide
volumes to justify investment, while capture projects need available
storage capacity before they can proceed. The result is a mutually
reinforcing cycle that can slow deployment of both capture and
storage infrastructure.

Ultimately, this cycle impacts project economics since eligibility for
the section 45Q tax credit depends on permanently storing captured
carbon dioxide (unless it is directed to a qualifying utilization pathway
or enhanced oil recovery). As a result, the underlying value of the
power depends on the ability to securely store the captured carbon
dioxide. In addition to tax credit eligibility, this matters because some
energy buyers may require verification that the electricity produced
meets low- or zero-carbon dioxide emissions.

CCS projects like this one—those driven by demand from Al data
centers—could help break the reinforcing sequestration cycle by
creating a reliable source of captured carbon dioxide volumes

that supports investment in shared transportation and storage
infrastructure. Although little information is currently available

about where these data center projects will ultimately be sited, their
viability may depend on geographic clustering that enables shared
storage sites and reduces transportation requirements. More broadly,
continued federal support for carbon management infrastructure will
likely be necessary to expand transportation and storage capacity and
unlock wider deployment of CCS.

Beyond the Boom
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Most integrated
resource plan
modeling does
not fully capture
the value and
need for LDES.

Case Study B: Wind / Solar + LDES (Form Energy, Google,
and Xcel Energy)

As was the case with scaling variable renewable energy, Google has been

a leader in supporting emerging clean firm technologies through innovative
financing structures. In February 2026, Google announced plans to build a data
center in Pine Island, Minnesota.>* The project includes a clean transition tariff
(CTT) agreement proposed jointly with the local utility, Xcel Energy.®®> CTTs are
rate structures that enable large customers (e.g., Google) and utilities (e.g., Xcel
Energy) to collaborate on integrating emerging energy technologies with certain
attributes (e.g., clean firm) into the system, with the customer agreeing to pay

a premium for the selected resources.>® This specific project includes a local
Minnesota version of a CTT known as the Clean Energy Accelerator Charge
(CEAC).*” Under the CEAC, Google's utility rates will cover the full revenue
requirement for 1,400 MW of wind, 200 MW of solar, and 300 MW of iron-air
batteries (a 100-hour, multi-day storage system from LDES developer Form
Energy).°® Reports indicate that these energy projects are expected to come
online between 2028 and 2029.°° Google has publicly stated that the agreement
supports its goal of expanding Al and cloud capabilities in a way that provides
long-term value for the communities in which it operates.®°

The DOE defines LDES as any system that can store energy for 10 or more
hours.®” While wind and solar are intermittent renewable resources, pairing them
with LDES can enable clean firm power. LDES is also essential for providing
sustained backup power during prolonged periods of high electricity demand

or grid-stress events, helping to prevent blackouts, safeguard lives, and reduce
economic disruption.®? Despite these benefits, most integrated resource plan
modeling does not fully capture the value and need for LDES.®®

The purpose of the CEAC is to ensure that the costs of developing new

clean firm resources to serve Google's Al and cloud capabilities are not
shifted onto local ratepayers. It also enables Xcel Energy to pursue emerging
technologies like LDES, which utilities are often hesitant to adopt due to least-
cost procurement requirements driven by public utility commissions (PUCs).%*
Without the CEAC, Xcel Energy would be unable to cost-effectively invest

in LDES under standard resource planning.®® As costs fall, Xcel Energy can
build experience integrating emerging technologies like LDES into its portfolio,
positioning them to serve a broader range of demand beyond Al-driven data
centers over time.

Despite the potential of this data center project to scale a clean firm technology,
it faces several barriers to implementation. Both grid-connected large loads—
electricity customers whose peak demand can impose significant operational
costs or create system-wide reliability and stability risks—and electricity
generation assets must contend with extensive interconnection processes that
can slow the deployment of new front-of-the-meter energy resources.®® In

this case, Google's CEAC petition is still awaiting approval from the Minnesota
PUC.®” Opposition from civil society may pose an additional challenge:
construction on the data center has remained temporarily halted since May 2026
following a county judge's order in response to a lawsuit filed by a Minnesota
environmental organization.®® More broadly, data center project cancellations
are increasing—more than quadrupling to 25 in 2025 from just a few in 2024 .%°
If data center development slows or fails to materialize, the value proposition of
clean firm technologies could diminish accordingly. Targeted policies to expedite
interconnection and proactively engage local communities can help reduce
these barriers.

Beyond the Boom
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Although more
than 270 CCS
projects have been
announced in the
United States, only
about two dozen
were operational as
of 2025.

Case Study C: Natural Gas + CCS (Broadwing
Energy and Google)

Google is at the center of another clean firm project driven by Al data
centers, in this case involving natural gas with CCS. In October 2025,
Google announced a first-of-a-kind (FOAK) corporate agreement with
Broadwing Energy—a natural gas power plant with CCS project in
Decatur, lllinois.”® With a targeted commercial operation date in 2030,
the project is expected to deliver over 400 MW of generating capacity
through a new, on-site power plant designed to capture more than 90
percent of its carbon dioxide emissions.”” lllinois is one of the nation’s
largest data center markets, with 139 operating and 123 planned
facilities—numbers that are likely to grow as Al-driven demand
increases.”?

Google has stated that, by agreeing to purchase most of the project’s
power, the company is helping bring this new, baseload power source
online and onto the regional grid that supports its data centers.”® The
project is located at an industrial food processing facility run by Archer
Daniels Midland (ADM), which will purchase the remaining power

not contracted by Google to serve its operations.”* The captured
carbon dioxide will be permanently stored in ADM's adjacent EPA-
approved Class VI sequestration facilities, reducing the need for
transport infrastructure.”® The project also benefits from ADM'’s nearly
decade-long experience sequestering carbon dioxide from ethanol
production—currently the most economically viable application of
carbon capture.”®

Carbon capture is essential for decarbonizing data centers and the
power sector, both of which are largely powered by unabated natural
gas in the United States.”” Additionally, it is critical for reducing
emissions in hard-to-electrify sectors such as the steel, cement, and
chemical industries. As discussed in Case Study A on page 10,
investments tied to Al-driven electricity demand can create larger
and more reliable sources of captured carbon dioxide, helping justify
the development of shared transport and storage infrastructure. Over
time, this infrastructure can reduce costs, improve project timelines,
and expand access to carbon management solutions, enabling

CCS integration across the power sector beyond data centers. The
agreement also creates a template for bundled natural gas and CCS
environmental attribute certificates, treating CCS as a contractual
requirement rather than an optional add-on.”®

However, the Broadwing project also underscores the challenges
facing broader carbon capture deployment. The project’s site-specific
advantages cannot be easily replicated for all CCS projects. Industry
experts have also noted that many large technology companies have
deprioritized carbon capture in favor of alternative power solutions
with shorter development timelines.”® In addition, carbon capture

for fossil fuel-fired power generation remains relatively expensive to
deploy at commercial scale, even with federal incentives.® Although
more than 270 CCS projects have been announced in the United
States, only about two dozen were operational as of 2025.%" This

gap reflects challenging project economics rather than fundamental
technological limitations. As a result, replicating the Broadwing model
at scale, whether for Al data centers or the broader power sector, will
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likely require stronger federal support to improve the economics of
carbon capture beyond existing ethanol-capture sites and expand
transportation and storage capacity.

Case Study D: Advanced Nuclear (Amazon and

Dominion Energy)

In October 2024, Amazon announced a memorandum of
understanding (MOU) with Dominion Energy to explore the
development of small modular reactors (SMRs) near the utility's
existing North Anna nuclear power station.®*> The MOU documents
the companies' efforts to jointly explore innovative ways to advance
SMR development and financing while also mitigating potential cost
and development risks for customers and capital providers.®® While
no official start date has been established, Dominion has indicated
that SMRs are likely to play a role in its energy mix in the 2030s.%*

The partnership is expected to bring at least 300 MW of power

to Virginia, which is home to the largest data center market in the
world.®® Although most of Virginia's data centers currently support
cloud-computing services and this MOU is not specifically focused on
facilities used for Al capabilities, there is growing investment in Al data
centers within the state. While Northern Virginia remains the state's
dominant data center hub and is home primarily to traditional data
centers, early Al clusters are beginning to emerge in other regions,
including in the Richmond area.®®

SMRs are a type of advanced nuclear technology that use nuclear
fission to generate heat and produce low-emissions electricity.?”
Their smaller, modular design offers the potential to deliver projects at
lower costs and shorter construction timelines than traditional large-
scale nuclear plants.®® As deployment scales, SMRs could see cost
declines similar to those seen in other technologies, such as solar
photovoltaics.®® The growing electricity demand from Al-driven data
centers could help accelerate this process.

In 2024, Dominion reported six new all-time peak electricity demand
records, followed by three additional records set in January 2025
alone.®® More recently, in July 2026, PJM interconnection—the
largest grid operator in the United States and the regional transmission
organization serving Dominion—came close to surpassing its peak
demand record of 165.6 GW, set 20 years ago.®" At the same time of
this record-breaking electricity demand, Virginia's Clean Economy
Act requires the state's utilities to generate 100 percent of their
electricity from renewable sources by 2045.°% While nuclear energy
is not classified a renewable source under the law, it is recognized

as a carbon-free resource and can reduce utilities’' renewable
portfolio standard (RPS) requirements in proportion to the electricity it
generates.®® Rising electricity demand in Virginia, combined with the
state’'s Clean Economy Act, creates strong incentives for utilities and
hyperscalers to collaborate in scaling clean firm technologies.

Amazon's business extends well beyond data centers to include
services such as streaming (e.g., Prime Video), electric transportation,
and online retail. As a result, Amazon has a strong incentive to support
a grid that is both reliable and affordable. Although Dominion has
raised electricity rates over the past year, the utility attributes these
increases to inflation rather than rising demand.®* One nationwide
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analysis suggests that load growth has depressed retail electricity
prices in recent years, as fixed transmission and distribution costs are
spread across a large customer base.®®> However, it remains uncertain
whether this trend will persist, underscoring the long-term uncertainty
surrounding large loads and their impacts on ratepayers.®®

It is important to note that this announcement between Amazon

and Dominion represents an initial exploratory step rather than a
firm construction commitment. SMRs are several years away from
meeting the near-term needs of Al-driven data centers in Virginia.
Both grid-connected large loads and front-of-the-meter electricity
generation assets must navigate lengthy interconnection timelines,
and tariff structures will need to be approved by PUCs. Large-load
tariffs—specialized contracts, rate structures, and service agreements
between utilities and large customers—and CTTs can play a critical
role in enabling the deployment of emerging clean firm technologies
like SMRs while maintaining affordability.®”

Case Study E: Traditional Nuclear (Constellation

and Microsoft)

Constellation announced its largest-ever power purchase agreement
with Microsoft in 2024 to support the Crane Clean Energy Center
(CCEC)—a planned restart of Three Mile Island Unit 1.°® Under the
agreement, Microsoft will purchase energy from the plant for 20 years
as part of its goal to help match the power its data centers consume

in the PJM interconnection with carbon-free energy. The CCEC is
expected to go online in 2027, with a generating capacity of 835 MW.°°

In 2019, the Three Mile Island Unit 1 nuclear power plant closed,
largely because it could not compete with cheaper, unabated natural
gas.'*® Pennsylvania lawmakers proposed two bills to keep the plant
operational, citing nuclear energy's benefits—including carbon-free
generation, fuel diversity, and reliability—but both ultimately failed.'"
Five years later, Pennsylvania has emerged as one of the country’s
leading data center markets, driven in part by the surging demand for
Al.'°? This growth has renewed interest in securing clean firm sources
of power in the state—which could help reduce the state power
sector's reliance on fossil fuels, particularly natural gas.'*®

For large-scale power projects, financial viability is critical. A 20-year
offtake agreement provides the revenue certainty needed to justify
upfront investment, enabling the plant’s restart and the renewal of

its operating license. This hyperscaler—utility collaboration model
could be replicated in other states, helping revive U.S. investment in
nuclear power. Notably, the project also illustrates how private-sector
commitments can attract public-sector support. In November 2025,
following Microsoft's announced power purchase agreement, the
DOE's Office of Energy Dominance Financing (EDF)—formerly the
Loan Programs Office—closed a $1 billion loan to Constellation to help
finance the project, reinforcing the role that hyperscaler participation
can play in reducing perceived project risk and mobilizing additional
capital.'®* In addition to Microsoft's support and the federal loan, the
section 45Y clean electricity production tax credit—available to new
nuclear energy (including restarts) and other clean firm technologies,
with a phaseout beginning in 2034—further strengthens the project’s
economic case.'®®
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Restarts of existing nuclear reactors that closed for economic reasons,
such as the CCEC, are viewed as a near-term strategy to expand
domestic nuclear capacity. However, even these projects must
navigate several steps to obtain the regulatory approval to restart.'®®
Recent legislative and executive actions have made progress

toward streamlining these processes for restarts, uprates, and new
commercial reactors. The Nuclear Regulatory Commission (NRC) is
continuing to implement the ADVANCE Act, passed in 2024, to reduce
unnecessary regulatory burdens, while executive actions under the
current Trump administration have sought to accelerate licensing
timelines and improve regulatory responsiveness.'®’

The CCEC has cleared several regulatory hurdles but still requires
NRC approval to restart. In September 2026, as part of its National
Environmental Policy Act (NEPA) review, the NRC finalized its
environmental assessment with a 'finding of no significant impact’
(FONSI), concluding that the project would not have significant
environmental impacts.'®® The FONSI eliminates the need for a full
environmental impact statement (EIS), a more extensive level of
environmental review under NEPA.'°® Despite this progress for the
CCEC, sustaining momentum in nuclear permitting and licensing

in the United States will depend on adequate staffing and funding

at the NRC, as it faces a growing volume of applications related to
uprates, license renewals, restarts, advanced reactor designs, and fuel
technologies."® Finally, lengthy interconnection processes remain a
significant challenge for grid-connected large loads and front-of-the-
meter electricity generation assets, though permitting reform could
help accelerate project development.

Case Study F: Next-generation Geothermal (Meta

and Sage Geosystems)

In August 2024, Meta announced a partnership with next-generation
geothermal developer Sage Geosystems on a project aimed at
expanding the use of geothermal energy in the United States." As

part of the partnership with Sage, Meta plans to support the delivery of
up to 150 MW of new geothermal baseload power to the grid to meet
growing electricity demand from its data centers."? The first phase of
the project is expected to be operational by 2027.""°

Geothermal is particularly attractive to hyperscalers because it can
provide reliable, on-demand electricity and adjust output up or down
quickly in response to changing demand."* It also has significant
decarbonization potential and enough energy capacity to meet global
demand more than 100 times over.""® Unlike traditional geothermal
systems, next-generation geothermal does not depend on natural
hydrothermal circulation, thereby expanding the regions where
geothermal energy can be harnessed for power generation or direct-
use heating."®

Partnering with a hyperscaler like Meta is particularly valuable for
emerging technology companies like Sage. While Sage already
operates a small commercial demonstration facility in Christine, Texas,
transitioning from a FOAK project to repeatable NOAK deployment
remains a key commercialization challenge."” Although a FOAK project
can demonstrate technical viability, it does not necessarily make
subsequent projects financeable. Traditional project finance relies
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Geothermal facility in California
Source: The Desert Photo (iStock)

on established operating histories, and a single demonstration project is often
insufficient to support lender confidence in future projects. By securing Meta
as an offtaker for what will likely be Sage's first large-scale commercial facility,
the company gains greater revenue certainty and visibility, strengthening the
project’s overall bankability."'® Over time, performance data from a successful
large-scale commercial deployment could strengthen Sage's access to project
financing for additional NOAK deployments and facilitate the adoption of its
technology into more risk-averse markets.

While limited information is available on the permitting status of this project,
geothermal development often faces long and uncertain timelines, driven in part
by complex environmental review requirements and overlapping federal, state,
and local permitting frameworks."® The current and former administrations have
both worked to streamline geothermal permitting, including through the January
2025 Bureau of Land Management categorical exclusion, which expedites
NEPA review for low-environmental-impact geothermal exploration on public
lands, and the May 2025 U.S. Department of the Interior determination allowing
emergency permitting procedures for geothermal projects deemed critical to
U.S. energy security."?® Despite these actions, further reforms will be necessary
to improve the efficiency of geothermal permitting processes.
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Beyond the Boom

Opportunities and Limitations of
Al-Driven Investment in Clean Firm
Power

The case studies illustrate how the rapid expansion of Al data centers is creating
a growing market for technologies that can deliver reliable, around-the-clock,
low- and carbon-free electricity. Still, it is important to take a realistic view of
what the Al boom can—and cannot—do to scale clean firm technologies.

Limitations

Although leading hyperscalers are investing in clean firm technologies as
longer-term power options for their Al data centers, they still require near-

term power and therefore cannot rely exclusively on these solutions. Speed

to power remains a top priority, and many clean firm technologies face longer
commercialization timelines than conventional firm alternatives. As a result,
unabated natural gas accounts for roughly 40 percent of the electricity supply
for data centers in the United States.”™ According to McKinsey, 25-33 percent
of incremental data center demand through 2030 is expected to be met with
behind-the-meter solutions—power resources located on the customer'’s side of
the meter.”** These solutions are not subject to state clean energy requirements
and are typically natural gas. While solar paired with lithium-ion batteries can
often be deployed as quickly as, or more quickly than, fossil fuel generation,
this combination of technologies cannot provide the same level of extended
reliability as firm resources.

Cost is another important consideration. While many hyperscalers are willing to
pay a premium for cleaner energy sources, they must still balance sustainability
objectives with economic realities. Clean firm technologies often have higher
upfront costs and greater deployment risks than mature conventional firm
generation options. Even a small green premium can result in significant
additional expenditures over the lifetime of a project. For example, paying an
additional $10/MWh for clean electricity for a 100 MW facility would increase
costs by roughly $10 million per year.

While many hyperscalers highlight the potential for clean firm projects tied

to Al data centers to benefit the broader grid, their impact on grid-wide
decarbonization may be limited in the near term. Some projects have the
potential for surplus generation; in those cases, excess clean firm power can
support other uses—for example, plans to supply excess power to industrial
operations, as in Case Study C on page 13. However, given the estimated
capacities of these clean firm projects and the growing electricity demand of
an average Al data center, they are likely to contribute electricity that, at best,
primarily covers their associated data center demand.
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Opportunities

The broader value of today’s clean firm investments lies in the medium
to long term. These investments will play a critical role in advancing
clean firm technologies by enabling “learning by doing,” helping to
drive down costs, and building investor confidence. Al-driven clean
firm projects also provide utilities with valuable opportunities to gain
operational experience integrating emerging technologies into their
portfolios, positioning them to meet a wider range of future demand.
Not every Al-connected clean firm project will succeed, given both
technology-specific and data center-related risks. However, the
growing volume of clean firm announcements suggests that enough
projects will move forward to drive meaningful progress. Over time,
this can unlock additional private capital and support the broader
market adoption of clean firm technologies, enabling them to meet
growing electricity demand across the power sector beyond data
centers.'?®

Moving Forward

The climate The climate impact of Al will depend in part on the extent to which
imp|ications of Al clean firm technologies can compete for and capture this growing

. . source of electricity demand from data centers, and how quickly
will also h":‘ge on those technologies can be mobilized. If they achieve cost parity and
how effectively comparable deployment timelines with conventional firm options,
clean firm technologies are likely to become the preferred power

I
hypers.calers. choice for hyperscalers, particularly given the growing societal
catalytic capital can pressure surrounding data center development. As data centers face
help expand the increasing scrutiny over their environmental impacts, access to clean
. . energy can improve public acceptance and increase the likelihood
appllcatlon of clean of project approval. The climate implications of Al will also hinge on
firm technologies how effectively hyperscalers' catalytic capital can help expand the

application of clean firm technologies beyond data centers. Both
beyond data centers. dynamics can be accelerated through targeted policy support.

High-Voltage Power Lines in Alameda County, California
Source: yhelfman (iStock)
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Beyond the Boom

Recommendations for Scaling Clean
Firm Technologies

Al-driven electricity demand may help accelerate clean firm power adoption

over time; however, targeted policy support is still needed to overcome certain
deployment barriers. While hyperscalers can help mitigate certain financing risks,
many projects still face cost and risk profiles that require additional support in the
form of government incentives (e.g., federal tax credits). Moreover, financing is only
one part of the challenge. Clean firm technologies must also navigate technology-
specific risks as well as broader commercialization barriers that can be addressed
through policy (e.g., permitting and transmission reform). Sustained progress for
clean firm technologies will therefore depend on continued financial support from
the Al data center sector, combined with durable federal and subnational policies,
as well as responsible corporate strategies. Together, these sources of support can
help scale clean firm technologies more rapidly, enabling their earlier adoption as
major power sources for both Al data centers and the broader power system.

Federal Policy Recommendations

1. Reform federal permitting and transmission processes

As demonstrated in many of the case studies, permitting is one of the most
significant barriers to energy development in the United States. Outdated and
opaque processes increase project timelines and costs and make long-term planning
and investment more difficult. In 2025, the average permitting timeline for energy
generation projects was five to six years.”** Certain clean firm technologies are
even more susceptible to these delays due to their relative nascency (e.g., SMRs),
the extensive safety and environmental reviews they require (e.g., traditional and
advanced nuclear), and overlapping federal, state, and local permitting frameworks
(e.g., geothermal). Beyond environmental reviews, interconnection and transmission
remain key bottlenecks in the U.S. energy permitting process. As of the end of
2025, over 2,060 GW of generation and storage capacity were awaiting grid
connection."® With transmission expansion lagging behind this surge, projects are
forced to compete for limited transmission capacity, which, together with lengthy
interconnection study processes, creates a growing queue of projects awaiting
interconnection approval. This, in turn, exacerbates challenges in maintaining
resource adequacy, or the ability to balance electricity supply and demand while
maintaining sufficient capacity and operating reserves. Lengthy interconnection
timelines can also incentivize reliance on behind-the-meter generation, which may
fall outside existing state clean electricity standard (CES) policies. These standards
generally apply to utilities and retail electricity providers—not to self-generated
electricity consumed on-site.

Rising electricity demand and energy prices have elevated permitting reform to

a bipartisan, bicameral priority in the 119th Congress. While permitting barriers

in the United States also exist at the state and local levels, meaningful progress

can begin at the federal level, where Congress can play a leading role. As a
starting point, Congress should prioritize reforms that streamline permitting by
digitizing the process. This shift could reduce bureaucratic delays, enhance project
transparency, improve project outcomes, and ultimately reduce costs for taxpayers.
Congress should also enable greater coordination among neighboring regions

by requiring them to conduct regular interregional transmission planning studies
using shared assumptions and consistent data. These studies should evaluate the
reliability, affordability, and economic benefits of proposed transmission projects
and make their findings easily accessible to the public through summary reports.

A more coordinated and transparent approach to transmission planning would not
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only improve grid reliability but also improve the efficiency of the
interconnection process and support the integration of new front-of-
the-meter energy resources, including clean firm technologies, into the
grid.

2. Establish a federal clean electricity standard and
performance standard for data centers

Although sustainability commitments strengthen the willingness of
leading hyperscalers to invest in clean firm technologies, unabated
natural gas remains the dominant source of electricity for data centers
in the United States.'?® At present, unabated natural gas generation
maintains advantages in both cost and deployment speed relative to
most clean firm technologies, though these factors vary across regions
and specific technology pathways. Utilities likewise face increasing
pressure to procure clean firm resources in response to state clean
electricity standards, investor interests, and corporate emissions
reduction targets; however, least-cost procurement mandates continue
to favor lower-cost alternatives, restricting broader adoption of clean
firm technologies.

Congress can encourage greater investment in clean firm technologies
through a variety of legislative pathways. One option is a federal CES,
a type of electricity portfolio standard that establishes aggregate
targets for the share of electricity that utilities and other retail providers
must supply from qualifying clean energy sources.””” Although several
states have adopted CES policies, a national approach would apply to
a larger share of U.S. electricity generation. If designed to recognize

a full range of low- and zero-carbon technologies and allow market-
based credit trading, a federal CES could help drive investment in
clean firm technologies. A possible limitation of this pathway, however,
is that a conventional CES could primarily cover front-of-the-meter
power generation (i.e., where retail sales occur) and therefore may

do little to address the growing number of data centers powered

by behind-the-meter generation. In other words, if a CES requires

a certain percent generation from clean energy, it may not impose
comparable requirements for behind-the-meter generation and would
not incentivize data centers to use cleaner sources of energy. This

risk underscores the importance of ensuring that federal policies
encourage cleaner electricity generation regardless of how it is
supplied to data centers.

A complementary approach could also address behind-the-meter
generation. Congress could establish a federal emissions performance
standard specifically for data centers’ energy use. Typically, a
performance standard establishes a declining emissions-intensity
benchmark for electricity consumed. This declining benchmark
therefore incentivizes covered entities and facilities to reduce their
emissions intensity by increasing efficiency, adopting new processes,
and utilizing cleaner energy. Covered entities and facilities could be
charged a fee if their emissions exceed the performance standard.
Revenues from the fees could be used to support the development
and deployment of emerging clean firm technologies. Legislators
should carefully consider and clarify the size of covered entities
subject to this standard, as the Energy Independence Act’s definition
of data centers does not include capacity-based sizing criteria.'*® A
well-calibrated threshold could focus the standard on the data centers
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driving the largest share of projected load growth and associated
emissions while minimizing administrative and compliance burdens for
smaller operators.

3. Strengthen CCS incentives and infrastructure

As previously noted, unabated natural gas power plants are currently
the largest source of electricity for data centers in the United States.
As a result, carbon capture will be important for reducing emissions
from natural gas—fired power plants that serve data centers. Carbon
capture is also critical for broader decarbonization, particularly for
industry and fossil-based electricity generation. However, realizing

the full decarbonization potential of carbon capture will require
stronger incentives to improve the project economics of carbon
capture for fossil-based electricity generation. As demonstrated in
Case Study C on page 13, current carbon capture deployment

has been concentrated in ethanol production—currently the most
economically viable application of the technology. At the same time, as
demonstrated in Case Study A on page 10, carbon dioxide transport
and sequestration remain major barriers, particularly for bespoke
projects and smaller developers that lack access to established carbon
management infrastructure.

A near-term federal priority should be to improve the economics of
carbon capture for fossil-based electricity generation. Congress could
accomplish this by modifying the section 45Q tax credit to better
reflect the varying costs of carbon capture across applications. One
approach would be to establish a sliding-scale incentive that provides
higher credit values for lower-concentration carbon dioxide streams
(e.g., natural gas), which are generally more technically challenging
and expensive to capture than higher-concentration streams (e.qg.,
ethanol or coal).”*® By better matching incentive levels to project costs,
this approach would help expand carbon capture deployment beyond
the relatively favorable economics seen in ethanol facilities. It would
also encourage wider adoption of carbon capture for Al data centers,
the broader power sector, and industrial applications. Over the longer
term, policymakers should complement this incentive with a broader
suite of federal measures to address carbon dioxide transportation and
storage, helping to establish the infrastructure necessary for large-
scale carbon capture deployment nationwide.

4. Extend sections 48E and 45Y

The section 48E investment tax credit and the section 45Y production
tax credit—collectively known as the clean electricity technology-
neutral tax credits—have been foundational to clean energy
development in the United States since their enactment under the
Inflation Reduction Act in 2022. These incentives have strengthened
the economic case for higher upfront cost projects, such as the
nuclear restart featured in Case Study E on page 15. While some
clean energy tax incentives were weakened by the passage of the
One Big Beautiful Bill Actin July 2025, these technology-neutral
credits have remained relatively robust, particularly for grid-firming
technologies like nuclear, geothermal, and energy storage. The full
credit amount is currently available to qualifying facilities that begin
construction before 2034, with a gradual phase-down leading to a full
sunset in 2036."%°
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Congress should extend the window of eligibility for the technology-
neutral tax credits by ten years for grid-firming technologies. Rising
electricity demand in the United States underscores the need for
stable federal support for resources that can promote grid reliability
and affordability, lower emissions, and foster U.S. leadership in the
next generation of energy technologies. As discussed in Case Study
D on page 14, some grid-firming technologies, such as advanced
nuclear, are not expected to play a significant role in the energy mix
of major utilities like Dominion until the 2030s."" The pace of future
advanced nuclear construction—and that of other emerging clean
firm technologies—will depend in part on the success of these initial
projects, potentially limiting further buildout until their performance is
proven. As a result, extending these credits further by another decade
is particularly important.

5. Support Federal Loan Programs

As highlighted in Case Study E on page 15, the Office of Energy
Dominance Financing, formerly the Loan Programs Office, has the
authority to issue federal low-interest loans and loan guarantees for
energy projects, including for clean firm technologies. This federal
support can help unlock the capital needed to scale emerging
technologies and drive cost reductions. EDF is particularly important
for addressing the “missing middle,” a well-documented financing gap
in which FOAK commercial-scale technology projects require capital
that falls between venture funding and traditional project finance.

Through its Title 17 Program, EDF can support emerging clean firm
technologies that advance its goals of securing and strengthening
energy assets, boosting innovation, expanding affordable and reliable
energy, and creating jobs. Congress should appropriate the necessary
funds to do this, including providing sufficient program direction
budget to support the staff responsible for managing federal loans and
ensuring a timely review and award process.

Subnational Policy Recommendations

1. Diversify state clean electricity standards

Currently, 27 states and the District of Columbia require electric
utilities to deliver a certain share of electricity from renewable

energy sources.”? As the most common form of electricity portfolio
standard, renewable portfolio standard policies generally focus on
variable renewable resources—such as wind and solar—rather than

a broader suite of clean firm technologies needed to provide reliable,
around-the-clock, low- or zero-carbon electricity. > For example,
the qualifying energy resources in Oregon’'s RPS include wind, solar,
wave, geothermal, biomass, and new hydropower.”** Oregon’s RPS
does not include nuclear power or natural gas generation with carbon
capture and storage. By contrast, some states, such as New York, have
adopted broader clean electricity standards that include technologies
like nuclear power but still exclude natural gas generation with carbon
capture and storage."*®

As electricity demand increases, states should place greater emphasis
on requiring utilities to procure power from sources that are both
clean and dispatchable. This outcome can be achieved through state
legislatures adopting or modifying existing clean electricity standards
that encompass a broader suite of low- or zero-carbon technologies
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than traditional RPS policies. As demonstrated in Case Study D on
page 14, Virginia's recognition of nuclear energy as a carbon-free
resource under its Clean Economy Act creates strong incentives for
utilities and hyperscalers to collaborate in scaling the technology
within the state. Additionally, policymakers should ensure that added
resources deliver genuine emissions reductions. For example, natural
gas paired with CCS should be required to meet verified carbon
capture performance thresholds and account for lifecycle methane
emissions. And, since LDES stores rather than generates electricity,
it should be evaluated based on its charging source emissions. Many
states have established electricity portfolio standards and could
update them to include a broader range of clean firm technologies

is likely the more feasible near-term pathway. These policies could
complement a federal clean electricity standard (as referenced in
the above federal policy recommendations) while allowing states to
account for their particular resource and reliability needs.

2. Adopt state procurement mandates

Procurement is another critical tool states can use to incentivize the
adoption of clean firm technologies. Agreements such as Microsoft's
20-year PPA supporting the Crane Clean Energy Center, highlighted in
Case Study E on page 15, demonstrate the role hyperscalers can

play in driving long-term offtake. However, private-sector demand alone
will be insufficient to scale these technologies fast enough to meet
rising electricity demand. Substantial additional capital will be required
beyond what is currently being mobilized through the Al data center
ecosystem, creating an opportunity for states to play a more active role.

Enabling legislation, such as clean electricity standards (see above),
can provide the authority needed for utilities or other state agencies

to pursue targeted procurement mandates.'*® These policies can help
emerging technologies secure long-term market agreements, thereby
reducing market risks. This support is particularly important for clean
firm technologies that deliver system-level benefits, such as reliability,
that are not fully captured by traditional metrics like levelized cost

of electricity (LCOE), though improvements to resource adequacy
modeling and accreditation approaches could help better account for
their value."®” While state procurement can support a broad range of
clean firm technologies, it may be especially well suited for LDES, which
is often excluded from clean electricity standards focused primarily on
generation. States such as New York, California, Massachusetts, and
Virginia have already taken steps in this direction by adopting targeted
procurement mandates for LDES."*® While state procurement is likely the
more feasible near-term pathway, particularly where enabling legislation
already exists through clean electricity standards, federal procurement
could be a longer-term tool for helping clean firm technologies achieve
wider commercial scale and market adoption.

3. Approve clean transition and large-load tariffs

To limit the cost impacts of clean firm technologies on ratepayers,
PUCs can approve CTTs. As highlighted in Case Study B on page

12, Google and Xcel Energy have jointly proposed a CTT to support
Google's planned data center development in Pine Island, Minnesota.
CTTs are rate structures that enable large-load customers and utilities
to collaborate on integrating emerging energy technologies with certain
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attributes (e.g., clean firm) into the system, with the customer agreeing
to pay a premium for the selected resources."® Under this model, the
large-load customer pays the revenue requirement for a new clean
energy resource, with crediting mechanisms applied to the customer's
bill for the capacity and energy value provided."® If the customer's
demand exceeds the energy supplied by the clean resource, they can
purchase additional electricity from the grid at a variable rate.'* CTTs
can support the integration of emerging technologies into the grid while
advancing decarbonization and maintaining affordability.

PUCs can also approve large-load tariffs to complement CTTs. Large-
load tariffs are specialized contracts, rate structures, and service
agreements between utilities and large customers.'? Unlike CTTs,
large-load tariffs do not always designate the use of certain types of
power (e.g., clean firm); however, they can help mitigate financing
risks by requiring new data centers to bear the incremental costs from
capital expenditures needed to serve them.*® As of June 2026, 24
states have approved at least one large-load tariff, including one in
Virginia for Dominion.'** Under Dominion's large-load tariff, customers
with loads exceeding 25 MW are required to pay for 85 percent of
their transmission and distribution costs, regardless of their electricity
usage.'*® Societal support for both data centers and clean firm projects
is closely tied to their ability to avoid increasing costs for ratepayers.
The use of CTTs and large-load tariffs can help mitigate this concern.

Private Sector & Civil Society Recommendations

The preceding recommendations focus on public policies that can
help scale clean firm technologies. However, it is important to note
that there is also significant opportunity for civil society and the
private sector to advance voluntary standards and common metrics
for data center sustainability and performance. Greater transparency
and consistency in how data centers measure and report their
environmental impacts could support the broader adoption of cleaner
power sources, like clean firm technologies. In addition, stronger
private-sector commitments to front-of-the-meter power generation
for data centers could encourage greater collaboration with utilities to
deliver reliability and emissions benefits across the grid, rather than
at a single facility, including through the deployment of clean firm
technologies.
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Conclusion

The United States is at an inflection point in the evolution of its power system.
After two decades of relatively flat demand and significant progress in
decarbonization, electricity demand is rising once again, driven by a range

of factors—including the rapid growth of Al data centers. This shift creates

a critical opportunity for policymakers and corporate leaders to rethink how
power is generated, delivered, and financed. This moment can and must be
leveraged to scale clean firm technologies that are essential to decarbonizing
the power sector. Coupled with supportive policies, private sector investment
can accelerate the adoption of these technologies, enabling them to help meet
growing electricity demand while strengthening grid reliability and preserving
energy affordability.

Large data center facility.
Source: marchello74 (iStock)
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