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Since the National Commission on Innovation and
Competitiveness Frontiers released Compeling in
the Next Economy and its call to action in 2020:

* The technology and competitive landscape has
shifted radically along numerous dimensions

e Change is accelerating at an unprecedented
pace

¢ The United States faces its strongest challenger
ever in the competitiveness arena, and

¢ The nation-in fact, the world—has entered
unknown territory brought about by a major
technological discontinuity, creating great
uncertainty about the future with implications
difficult to understand.

The convergence of these disruptive changes
has brought about a powerful duality—the prom-
ise of heretofore unimaginable opportunity, bal-
anced against an unprecedented shake-up in the
world order.

Rapid technological advancement is defining and
reshaping this new age and world order. Amid
multiple technology revolutions and their conver-
gence, the United States is challenged across
the technology landscape like never before. A
geostrategic competitor seeks to unseat us and
undermine the current world order with overmatch
in the key technologies of the future, eroding our
economic competitiveness, military superiority,
and geopolitical leadership. More than anything
else, winning the competitive challenge for the
future, defending the current world order, and our
global leadership rest with the strength of our abil-
ity to innovate with speed and at scale!

1 Quotes in this report are drawn from leaders who participated in Council on Competitive-
ness and National Commission fora including: the 2022 and 2023 National Competitive-
ness Forum, 2023 Summer Meeting of the National Commission on Competitiveness
Frontiers, 2023 National Commission Phase 2 Launch Summit, and 2024 Competitive-
ness Conversations Across America.

SECTION A

Technology Takes Center Stage
in the Economy, National Security,
Geopolitics, and Society

Ensuring U.S. leadership in critical technol-
ogies has risen to the top of the nation’s
connected economic, national security, and
geopolitical agendas. These revolutionary
technologies include advanced digital and
telecommunications technologies, bio and
agrotechnology, the ever-mounting data tsu-
nami, hypersonics, autonomous systems,
quantum, and artificial intelligence. These
technologies are reshaping and driving the
global economy and competitiveness land-
scape. They are also the platforms from which
the industries of the future are now arising.
The dual-use nature of these emerging tech-
nologies makes it more difficult than ever to
separate commercial and security interests in
trade and investment.

The Age of Al has suddenly arrived, with the
hallmarks of a discontinuity. It is poised dra-
matically to transform the relationship between
humans and machines, rewrite the scientific
process, shatter the time and cost calculus for
an array of human endeavors, drive innovation,
super-charge the forces of creative destruction,
propel a leap in productivity, and drastically alter
military capabilities and the character of war.

In 2023, a powerful generative Al model—
ChatGPT—was released to the public, scaling
faster than any technology in history. It reached

1 million users in 5 days, and 100 million users in
two months.?

2 ChatGPT Sets Record for Fastest-Growing User-base—analyst note, Reuters, February 2,
2023.
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Digital Platform Years to Reach 100MM Users

Source: Company Filings, Press, Netflix represents streaming business.
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Since then, more generative Al models have been
released, they are improving at a rapid pace,

new text-to-image and text-to-video models are
spreading. Search engines are integrating gener-
ative Al into smart phones, laptops and desktops
used by billions of people worldwide, and these Al
models are rapidly integrating into the economy.

Al is different than previous general purpose
enabling technologies such as the steam engine,
computer, and even the Internet. Al will apply to a
broad range of cognitive tasks, has the potential
to operate independently from humans, has the
capacity for self-improvement, and, since it can
generate and test ideas, it could increase produc-
tivity in research and innovation.?

In addition, the convergence of Al with other
enabling technologies—such as biotechnology,
advanced manufacturing, autonomous systems,

3 The Impact of Artificial Intelligence on Productivity, Distribution, and Growth, OECD 2024.
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and advanced computing—nholds significant
potential for opening a new age of discovery and
innovation frontiers, new models of production, a
flow of new products, personalized medicine, and
novel solutions to global problems, creating sig-
nificant economic benefits, strengthening national
security, and driving productivity gains.

For example (see Appendix 2., Al’s Transforma-
tional Potential, for a deeper exploration of the
effects of Al on everyday life and work):

¢ Al is set to fundamentally transform
the healthcare industry by significantly
accelerating drug development and
enhancing diagnostic accuracy. The Food
and Drug Administration has already approved
more than 800 Al/ML devices,* and the
number of Al-discovered drugs in clinical trials

4 Testimony of Patrizia Cavazzoni, M.D., et.al, Food and Drug Administration before the
Subcommittee on Health, Committee on Energy and Commerce, U.S. House of Repre-
sentatives, May 22, 2024.
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Household Adoption Rates of Digital Technologies in the United States

Source: International Energy Agency.
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has surged from 17 in 2020 to 67 in 2023,°
exemplifying its rapid integration and impact
within the sector. For example, using Al, a firm
took just 18 months and $3 million to identify a
drug candidate for treating pulmonary fibrosis,
a process that normally would have taken $430
million out of pocket expenses and 3-6 years.®

Al is revolutionizing materials development
by rapidly identifying and simulating
millions of materials for specific
applications, drastically reducing the
time required for discovery. For example, a
collaboration between the Pacific Northwest
National Laboratory and a leading software
company analyzed over 32 million inorganic
materials and identified 18 promising
candidates for batteries in under 80 hours, a
task that traditionally might have taken years.’

How Successful are Al-discovered Drugs in Clinical Trials? A First Analysis and Emerging

Lessons, Madura KP Jayatungo, et.al, Drug Discovery Today, Vol. 29, Issue 6, June 2024.

From Start to Phase 1 in 30 Months: Al-discovered and Al-designed Anti-fibrotic Drug
Enters Phase 1 Clinical Trial, Insilico Medicine, press release, February 24, 2022.

Accelerating Computational Materials Discovery with Artificial Intelligence and Cloud
High-Performance Computing: From Large-scale Screening to Experimental Validation,
Chi Chen, et.al., Azure Quantum, Microsoft, Pacific Northwest National Laboratory, Janu-
ary 8, 2024

8

9

Al text-to-image and text-to-video
technologies are transforming the creative
industries by providing powerful, accessible
tools that allow creators to generate content
rapidly and cost-effectively. In just 20 seconds,
developers can create first drafts of music and
lyrics using simple text prompts,® while the
rapid proliferation of Al-generated images—
tens of billions posted online®>—highlights the
scale of this shift. However, this democratization
of creativity also raises important ethical
concerns, including issues related to deepfakes
and intellectual property rights.

Why Musicians are Smart to Embrace Al, Washington Post, August 27, 2024.

Al is Outrageous-and Wonderful. It's Also Prompting a New Art Form, Washington Post,
January 7, 2024.
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¢ Al has the potential to significantly boost
productivity. For example, researchers at
MIT found that Al technology reduced the
time needed to complete mid-level writing
tasks—common in marketing, consulting,
and management—by 37 percent, compared
to a control group.'® Software developers
using Al tools completed tasks 56 percent
faster. Looking over several recent estimates,
generative Al has positive effects on worker
performance from 15 percent to 56 percent
across different tasks." Top economists
estimated that output could nearly double
after 20 years from an Al-enabled productivity
growth rate 44 percent higher than baseline
projections of the U.S. Congressional Budget
Office.”?

¢ Al is increasingly integrated into the

education system, with about half of K-12 and
undergraduate students now using Al tools. The
increased productivity from Al could lead to
lower education costs and improved outcomes,
making it a key consideration for state and local
leaders aiming to educate more students within
existing budgets.

Al is poised to disrupt the job market signifi-
cantly, potentially affecting nearly 40 percent of
jobs globally, with advanced economies poten-
tially seeing up to 60 percent impacted due to
their cognitively intensive workforce.'® Large
numbers of workers are likely to be exposed to
Al, including those who perform non-routine tasks
in high skilled occupations that previously have
never been threatened by automation.™

10 Experimental Evidence on the Productivity Effects of Generative Atrtificial Intelligence,
Shakked Noy and Whitney Zhang, Working Paper, Massachusetts Institute of Technology,
March 2, 2023.

11 The Impact of Artificial Intelligence on Productivity, Distribution, and Growth, OECD 2024.

12 Machines of the Mind, The Case for a n Al-powered Productivity Boom, Martin Neal Baily,
Erik Brynjolfsson, and Anton Korinek, Brookings, May 10, 2023.

13 Gen-Al: Artificial Intelligence and the Future of Work, International Monetary Fund, Janu-
ary 2024.

14 ibid.

“Think about being able to type
something into a phone or laptop.
(Al) will create a video from
scratch, out of thin air...So, the
cost for someone (working on) a
video game or piece of music...
goes down low enough that you
can do it with an iPhone, instead
of (investing) millions and millions

of (development) dollars.”

Tom Mildenhall
Global Head of Technology Partnership Development
Bank of America

The United States is positioned as the global
Al leader, developing 73 percent of foundational
Al models since 2017 and releasing 61 notable
machine learning models in 2023 compared to
just 15 from China.’® U.S. investment in Al far
exceeds that of other countries, with an estimated
$67.2 billion in private funding in 2023, signifi-
cantly higher than the EU/UK's $11 billion and
China's $7.8 billion.'® Additionally, 61 percent of
venture capital funding among the top 1,000 Al
startups globally is allocated to U.S. companies."”

The lines between commercial technology,
and national security and defense technol-
ogy have all but disappeared. Game-changing,
dual-use technologies and tech-enabled con-
cepts like Al, ML, autonomy, next-generation
communications, biotech, etc. are reshaping the

15 ibid.

16 Artificial Intelligence Index Report 2024, Stanford University Institute for Human-Centered
Artificial Intelligence, 2024.

17 Forge Ahead or Fall Behind, Why We Need a United Europe of Artificial Intelligence,
CEPS Explainer, CEPS, 2023.
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U.S. industrial base writ large—as well as, more
narrowly, U.S. defense capabilities. Leadership in
many of these dual-use technologies is in com-
mercial firms, high-tech start-ups, universities, and
national laboratories. The Department of Defense
and defense primes must reach into innovating
commercial firms, small businesses, and start-
ups to bring advanced technologies to military
systems. But the commercial sector is moving so
fast, and the investments are so big, the defense
industry cannot keep up.

While amazing technology is being developed
across the whole U.S. innovation ecosystem, it
can take years for it to have its intended impact
for national security. Recently, the U.S. Gov-
ernment Accountability Office found that the
Department of Defense continues to struggle with
delivering innovative technologies quickly. Recent

Notable Machine Learning
Models (2023) by Country

Source: 2024 Stanford Al Index Report, Epoch, 2023

reforms were intended to lead to faster results,
but slow, linear development approaches persist.
GAOQ found that leading commercial companies
deliver complex, innovative products with speed
through iterative cycles of design, development,
and production. But the average major defense
acquisition program (MDAP) yet to deliver initial
capability plans to take over 10 years to do so.
Cycle time is increasing. GAO found that, for
MDAPs that have delivered capability, the aver-
age amount of time it took to do so increased
from 8 years to 11 years—an average increase of
3 years from their original planned date."®

The federal government’s role in research,
technology, and innovation is changing, mov-
ing downstream in the innovation process,
but diminishing in the nation’s R&D portfolio
as private sector R&D investment increases.

Al Private Investment (2023) by Goegraphic
Area ($B)

Source: 2024 Stanford Al Index Report, Quid, 2023
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18 Weapon Systems Annual Assessment, DOD Is Not Yet Well-Positioned to Field Systems
with Speed, Government Accounting Office, June 2024.
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The federal government continues to target
research and innovation in critical and emerging
technologies and industries of the future. These
include: trustworthy artificial intelligence, quantum
information science, advanced communications,
microelectronics, nanotechnology, high-perfor-
mance computing, biotechnology and bioman-
ufacturing, robotics, advanced manufacturing,
financial technologies, undersea technologies,
and space technologies. Research and technol-
ogy to address the climate crisis is a high prior-
ity. And government has increased the focus of
research and innovation on addressing social
challenges such as health and inequity, and
expanding participation in the science, engineer-
ing, and innovation enterprise, with an emphasis
on emerging research institutions and historically
underserved communities. It has also made

investments aiming to bridge the so-called Valley
of Death, for example, funding an extension of
Phase Il Small Business Innovation Research pro-
gram grants, and providing funding for prototype
development and pilot demonstrations.

In addition, the National Science Foundation’s
mission was expanded. The CHIPS and Science
Act established a new NSF Directorate on Tech-
nology, Innovation and Partnerships. In this his-
toric expansion of its mission, NSF is charged with
driving technology development, innovation, and
growth of regional innovation ecosystems.

The federal government has also taken a large
role in funding the establishment and growth of
hubs in clean energy, a range of critical technolo-
gies, and microelectronics.

Federal Government and Business Share of U.S. R&D Investment

Source: National Center for Science and Engineering Statistics, National Patterns of R&D Resources (2021-22 edition). Science
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U.S. Basic Research Expenditures, by Source of Funds: 1953-2022

Source: National Center for Science and Engineering Statistics, National Patterns of R&D Resources (annual series).
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However, the private sector’'s dominant share

of U.S. R&D investment continues to grow and
diminish the federal government’s place in the
nation’s overall R&D portfolio. In 2009, the private
sector accounted for 61.2 percent of U.S. R&D
investment and the federal government’s share
was 31.2 percent. By 2022, the private sector’s
share had grown to 76 percent, and the federal
share had dropped to 18 percent. The National
Science Foundation estimates 2022 total U.S.
investment in R&D at $886 billion of which the
private sector accounts for $673 billion, and the
federal government for $160 billion.

Businesses now play a significant role in U.S.
basic research, funding 37 percent ($48 billion)
and performing 36 percent ($46 billion) of it,
while universities perform 45 percent ($58 billion)
and the federal government funds 40 percent

2000

2010 2020

($51 billion).”® Drilling down, a significant portion
of private sector basic research investment is
accounted for by the U.S. pharmaceutical and
medicines industry. In the latest available data,
that industry spent $17.3 billion on basic research
in 2021, approaching the basic research invest-
ment made by the U.S. Department of Health and
Human Services of $21 billion.?°

Critically, the United States must not lose its his-
torically significant role in funding basic research.
This has been the seed corn for all major inno-
vation. Concern is mounting that without a rebal-
ancing of effort, the nation may not be as poised
in the coming decades to lever significant basic
research contributions.

19 National Patterns of R&D Resources, National Science Foundation, January 2024; Analy-
sis of Federal Funding for Research and Development in 2022: Basic Research, National
Center for Science and Engineering Statistics, National Science Foundation, August 15,
2024.

20 Table 12. Domestic R&D Paid for by the Company and Others and Performed by the
Company, by Type of R&D, Industry, and Company Size: 2021, Business Enterprise
Research and Development Survey, National Center for Science and Engineering
Statistics, National Science Foundation; Table 18-1. Federal Research and Development
Spending, Analytical Perspectives, Budget of the U.S. Government, Fiscal Year 2023,
Office of Management and Budget.
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SECTION B

New Opportunities and Rising Risks
in Industry

The U.S. industrial landscape and manufac-
turing are undergoing significant shifts driven
by rising geopolitical risks and the need

for self-sufficiency in critical materials and
goods, for example, in microelectronics and
clean energy. The CHIPS and Science Act of
2022 allocated $50 billion to enhance domes-
tic semiconductor manufacturing, while
increasing attention is being paid to re-shor-
ing key mineral sources due to rising threats
around supply chains for critical goods,
materials, and minerals—a threat to the U.S.
economy, society, and ability to develop and
deploy technologies.

The threat to U.S. supply chains is multidi-
mensional ranging from geopolitical risks and
extreme weather to local disease outbreaks
and disruption in goods transport. In addi-
tion, the Chinese leadership has expressed
“intentions to increase global supply chain
dependencies on China to control key supply
chains and be able to use those supply chain
dependencies to threaten and cut off foreign
countries during a crisis.”*

In addition to semiconductors, other high-
tech sectors are evolving, growing, and
reshoring within U.S. borders. For instance,
the United States is poised for significant
expansion of the bioeconomy, driven by
technological advancements that will have
far-reaching effects on domestic commod-
ities, manufacturing processes, and con-
sumer products and behavior, while also
helping secure supply chains and improve
sustainability. Similarly, the space industry is
undergoing rapid transformation in the United

21 Annual Threat Assessment of the U.S. Intelligence Community, Office of the Director of
National Intelligence, February 6, 2023.

States, fueled by innovations from private
companies, which are redefining satellite
launches and enhancing space exploration
capabilities, space tourism, material science,
and space-based communications.

Rising geopolitical risks have given strong
momentum to repatriating the manufac-
turing of critical technologies back to the
United States, particularly microelectronics.
The CHIPS and Science Act, passed in 2022,
appropriated $50 billion for: financial assistance
to establish semiconductor fabrication, assem-
bly, testing, advanced packaging, or R&D in
the United States; a new National Semiconduc-
tor Technology Center; a National Advanced
Packaging Program; microelectronics metrology
research; and ManufacturingUSA institutes on
semiconductor manufacturing. Two-hundred
million was provided for workforce education and
training, $2 billion for a Department of Defense
National Network for Microelectronics Research
and Development, and $500 million for interna-
tional technology and supply chain security and
innovation activities.

The United States is significantly or entirely
dependent on non-domestic sources of sev-
eral key minerals critical for high-tech applica-
tions and clean energy technologies. In some
cases, the United States is dependent on China,
including for more than 95 percent of rare earths it
consumes. This dependency has increased atten-
tion to ways to re-shore, forge partnerships with
allies, develop alternatives, and resume sustain-
able mining to ensure access to critical minerals.

The transition to clean energy and vehicle elec-
trification has driven significant increases in the
demand for critical minerals. The market for key
energy transition minerals doubled over the past
five years, reaching $320 billion in 2022, broadly
similar to the market size for iron ore mining. From
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Select Critical Minerals With High Tech Applications 2023

Source: Minerals Commodity Summaries 2024, U.S. Geological Survey

Critical Applications U.S. Net Import Primary Import Leading
Mineral Reliance as a Percentage  Source Producing
of Apparent Consumption (2019-2022) Country
Arsenic Pesticides, semiconductors 100 China Peru
Cobalt Batteries, metallurgy 67 Norway Congo
(Kinshasa)

Fluorspar Cement, industrial chemicals, 100 Mexico China

metallurgy
Gallium Integrated circuits, optical devices 100 Japan China
Germanium Defense, fiber optics >50 Belgium China
Graphite Batteries, fuel cells, lubricants 100 China China
Indium Liquid crystal displays 100 Republic of China

Korea

Nickel Batteries, metallurgy 57 Canada Indonesia
Rare Earths Fiber optics, lasers, optical >95 China China

amplifiers, batteries, nuclear control

rods, medical imaging, metallurgy,

permanent magnets, catalysts,

electronics, aerospace alloys, solid

state devices, data storage devices
Scandium Ceramics, fuel cells, metallurgy 100 Japan China
Tantalum Capacitors, metallurgy 100 China Congo

(Kinshasa)

Yttrium Catalysts, ceramics, lasers 100 China China

2017 to 2022, demand from the energy sector
drove a tripling in overall demand for lithium, a 70
percent jump in demand for cobalt, and a 40 per-
cent rise in demand for nickel. In 2022, the share
of clean energy applications in total demand
reached 56 percent for lithium, 40 percent for
cobalt and 16 percent for nickel, up from 30 per-
cent, 17 percent, and 6 percent, respectively, five
years ago. Demand is expected to increase sig-
nificantly, potentially doubling by 2030 and more
than tripling by 2050. That growth could occur
much faster if the energy transition accelerates.??

22 Critical Minerals Market Review 2023, International Energy Agency, December 2023.

China is reaching out around the world to secure
sources of critical minerals for batteries and other
high-tech applications. As of year end 2020, the
mining sector accounted for a total accumulated
value of $175 billion in Chinese outward foreign
direct investment. China invested in metal proj-
ects—for example, for cobalt, copper, lithium,
nickel, and rare earths—in other countries, includ-
ing Argentina, Australia, Chile, the Democratic
Republic of the Congo (Kinshasa), Indonesia, and
Papua New Guinea.?®

23 2020-2021Minerals Yearbook: China, U.S. Geological Survey, May 2024.
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Leading Import Sources (2019-22) of Non-fuel Mineral Commodities for Which
the United States was Greater Than 50 Percent Net Import Reliant

Source: U.S. Geological Survey
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Seabed mining is shaping up as a critical
resource for rare metals crucial for producing
electronics, clean energy products, and micro-
chips. China is taking aim at rule-making at the
International Seabed Authority, setting-up a per-
manent mission to ISA, sending large delegations,
and providing significant financial support. The
United States is an observer rather than an ISA.
To gain leadership in seabed mining, China is
setting up institutes in deep sea research, and
dozens of colleges on marine sciences, while
President Xi has directed that China “master key
technologies for entering the deep sea.”®

The bioeconomy presents substantial oppor-
tunities for U.S. competitiveness through
advancements in biotechnology and bioman-
ufacturing. The rapidly growing bioeconomy
involves using renewable biological resources

24 China Set to Dominate the Deep Sea and Its Wealth of Rare Metals, Washington Post,
October 19, 2023.
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sustainably to produce food, energy, materials,
and industrial goods. It also exploits the untapped
potential stored within millions of tons of biologi-
cal waste and residual materials. This incredible
opportunity for economic growth, new business
formation, and greater sustainability is made
possible by the convergence of affordable gene
sequencing with powerful computing, automation,
and artificial intelligence technologies.

The bioeconomy harnesses the power of biology
to replace traditional chemicals and chemical
processes, which is more sustainable and helps
shore up domestic supply chains. The transition
from chemistry to biology has broad applica-
tions—biopharmaceuticals, fuels, chemicals

and polymer monomers, electronics, optics and
photonics, materials, food and fiber, personal
care, and even national security. Research has
found that up to 60 percent of physical inputs
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in the global economy could be produced bio-
logically, with one-third of materials derived from
biological sources and two-thirds manufactured
using biological processes. These developments
could yield a direct economic impact of $4 trillion
annually over the next 10 years.?®> Advances in
biotechnology also have profound implications for
human health, with an estimated 45 percent of the
current global disease burden addressable using
technologies now conceivable through advanced
biotechnology today.?®

However, despite its historical leadership in bio-
technology, the United States faces increasing
competition for leadership in the bio-transition,
particularly from China, which also recognizes
the bioeconomy’s significant potential to drive
economic growth, improve public health, and
tackle societal challenges. China has made

the bioeconomy a key element in several of its
national plans for science and technology, preci-
sion medicine, military-civilian fusion, and strate-
gic emerging industries.?” Through these national
initiatives, the Chinese government emphasizes
biotechnology research and development, signifi-
cantly increasing funding and support for domes-
tic biotech companies and clusters. This focus
includes enhancing food security and healthcare
solutions. China's ambition to lead in biotechnol-
ogy is underscored by its substantial share in
global gene sequencing capacity, as well as its
efforts in international collaboration, all aimed at
strengthening its global competitiveness in this
critical sector.?®

25 The Bio Revolution: Innovations Transforming Economies, Societies, and Our Lives,
McKinsey Global Institute, May 2020.

26 ibid.

27 China’s Hybrid Economy: What to Do about BGI? Anna Puglisi, Center for Security and
Emerging Technologies, February 2024

28 China’s Hybrid Economy: What to Do about BGI? Anna Puglisi, Center for Security and
Emerging Technologies, February 2024

To address this challenge and maintain global
leadership in biotechnology and biomanufactur-
ing, the U.S. Department of Defense funds Bio-
MADE (Bioindustrial Manufacturing and Design
Ecosystem), a $500 million ManufacturingUSA
Institute unites more than 275 organizations to
rapidly develop and deploy biomanufacturing
innovations at scale.

In addition, in 2022, President Biden issued an
Executive Order on Advancing Biotechnology and
Biomanufacturing Innovation for a Sustainable,
Safe, and Secure American Bioeconomy. This EO
establishes a comprehensive policy framework

to harness biotechnology and biomanufacturing
as essential tools for addressing significant chal-
lenges in health, climate, energy, food security,
and national security. Key components include
advocating for increased investments in founda-
tional scientific research and scalable biomanu-
facturing, promoting biosafety and biosecurity to
mitigate biological risks, ensuring the ethical and
responsible use of biotechnology, and protecting
the U.S. bioeconomy from foreign threats.

A new age of commercial space has opened
with routine launches. The space industry is
being radically transformed with deep structural
change. The emergence of reusable launchers
has been a game changer, along with private
financing, higher risk tolerance, faster delivery,
and lower cost.

Operating at an unprecedented pace, SpaceX is
leading the disruption of a market dominated by
government for a half century—disrupting satellite
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launch, space exploration, and the industry’s eco-
system. It launched its Falcon 9 rocket 98 times in
2023, and more than 100 times by fall of 2024.2°
In the fourth quarter of 2023 alone, SpaceX lifted
420 tons into space, nearly ten times more than
second-place China’s 45 tons. SpaceX recently
made history with the first commercial spacewalk
during its Polaris Dawn mission, testing a space-
suit design for extra-vehicle activities, while also
carrying out scientific research on human health
and space radiation effects on human biological
systems. With its heavy lift rocket in test flight,
SpaceX aims to send 100-ton payloads to the
moon and Mars at a cost of $10 million a trip.*°

A dramatically higher launch tempo with dramat-
ically lower launch costs means a revolution in
what humans can do in space and new space-
based industries.®!

Blue Origin is also making significant advance-
ments in commercial space, opening a market
for space tourism, and developing its New Glenn
rocket for orbital launches. Lockheed Martin,
another major player, is constructing lunar and
deep-space exploration spacecraft such as
NASA’s Orion and early-warning weather and
climate observation satellites. And companies
like United Launch Alliance and Rocket Lab are
providing commercial launch services, and Axiom
Space is developing a private space station.

The innovations in space have major terres-

trial benefits as well. Recently, the importance

of space-based communications during crisis
came to the forefront. When catastrophic Cate-
gory 4 Hurricane Helene devastated and flooded

29 Space X lifted more than 842,000 pounds into space in 27 launches, compared to China’s
second place at 90,000 in 15 launches; SpaceX Could Finally Face Competition. It May
be too Late, Washington Post, April 15, 2024; Elon Musk All But Owns the Market for U.S.
Government Launches, Washington Post, November 16, 2024

30 What is SpaceX’s Starship? It's Really a Mars Ship. New York Times, March 14, 2024.

31 Elon Musk All But Owns the Market for U.S. Government Launches, Washington Post,
November 16, 2024.

communities in Western North Carolina, knock-
ing out power and ground-based communi-
cations, Starlink satellite-based broadband
systems were deployed to help with responder
communications and assist with communications
infrastructure restoration. In a few communities,
Starlink systems were set up in a day or two after
the storm passed—in a shelter, a hotel, a college,
several fire departments, and a retirement com-
munity—and residents who already had these
systems enabled people in the affected communi-
ties to communicate with distant families.??

The space economy could grow to $1.8 trillion by
2035.33 About 6,500 institutional satellites, both civil
and defense, are expected to be launched world-
wide from 2023 to 2032.3* However, space-based
capabilities are enabling for broader segments

of the economy, driving new markets, generating
value-added, and enabling other industries. When
taking that into account, that value of the space
economy rises to a forecasted $7.9 trillion.3®

While the United States has an uncontested
lead in defense and commercial space and
space exploration, China is taking aim. Its Long
March 8 is expected to reach ten-time reusabil-
ity by 2025. In 2022, U.S. defense applications
accounted for about 60 percent of its $37 bil-
lion space-related expenditure, while China’s
total space expenditure in 2023 is estimated to
have been nearly $14 billion, but with 62 per-
cent devoted to civil space and 38 percent to
defense. China’s space program is large and
comprehensive, with technological know-how
across all main areas of satellite application.3®

32 Starlink, Compact Cell Towers Deployed in NC Mountains with “Backout Zones” Common
After Helene Devastation, CBS15.com, September 30, 2024; Death Toll Rises to 30 in NC
from Hurricane Helene, The Carolina Journal, September 29, 2024.

33  Space: The $1.8 Trillion Opportunity for Global Economic Growth, World Economic
Forum, April 2024.

34 The Future of European Competitiveness, European Commission, September 2024

35 More than a Space Programme, The Value of Space Exploration to Empower the Future of
Europe, Boston Consulting Group and European Space Policy Institute, November 2023.

36 The Future of European Competitiveness, European Commission, September 2024
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Space is becoming ever more

vital to the function of the economy,
national security, industries,

and society:

Positioning, navigation and timing for
transportation industries

Infrastructure monitoring

Satellite communications, broadband,
television transmission, and broadcasting

Earth observation, including mapping
weather and climate change

Monitoring of land and sea resources,
natural formations such as sea ice and
coral reefs, air quality, pollution, and natural
disasters

Data collection to map, locate, and operate
infrastructure for offshore renewable
energy generation

Timing from GPS used on world financial
markets

Security and defense to identify and
monitor threats on the ground, at sea, and
in the air, secure communication between
all platforms in hostile territory, and to
intercept and disrupt communications

Source: U.S. National Oceanic and Atmospheric Administration;
The Future of European Competitiveness, European Commission,
2024.

SECTION C

The Transition to Cleaner Energy and
a Low Carbon Economy: New Hurdles
and New Hope

The world is in the midst of a once-in-a cen-
tury energy transition, but the global energy
landscape has been turbulent. There are new
goals, investments, and incentives to drive
the transition, but also headwinds in achiev-
ing progress, rising energy costs, unexpected
new energy demand, and new threats to
energy security.

The critical link between energy security and
competitiveness has come to the forefront.
The Russian invasion of Ukraine caused energy
price spikes and threatened the energy security
of Europe. Instability in the Middle East could lead
to further disruption of energy markets and prices.
And concerns about assuring the supply of crit-
ical minerals needed for clean energy technolo-
gies are on the rise.

Energy costs are a key competitiveness factor
and an often decisive factor for business invest-
ment location decisions, particularly for ener-
gy-intensive industries. Lower costs of energy

in the United States gives U.S. industry a sub-
stantial competitive advantage over some of its
global competitors, particular in energy-intensive
industries. For example, the International Energy
Agency reported that electricity prices for ener-
gy-intensive industries in the EU in 2023 were
almost double those in the United States—despite
an estimated 50 percent price decline in the EU in
2023 versus 202237

37 Electricity 2024, Executive Summary, International Energy Agency, May 2024.
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Industry End-User Prices for Natural Gas and Electricity in Selected Regions,

USD/MWh

Source: Advancing Clean Technology Manufacturing: An Energy Technology perspectives Special Report, International Energy Agency, May 2024.
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The U.S. power supply is under pressure.
Decarbonizing the power sector is a fundamen-
tal step as the nation rushes to reduce emissions
via electrification—from industrial production and
heating, to vehicles and household appliances,
to powering the Al revolution and unprecedented
proliferation of data centers. The United States will
need electricity for increased automation and scal-
ing of energy-intensive artificial intelligence appli-
cations. Power consumption from data centers is
expected to nearly double by 2030.%® To electrify
vehicle transportation, the United States will need
a half million EV battery chargers linked to the
grid. And, adding to the challenge is the quest to
re-shore critical manufacturing such as semicon-
ductor production in which large microchip fabs
can consume as much power as a small city. For
example, two semiconductor facilities planned for
New York could use more power than six percent
of the state’s electricity usage in 2021.3° To meet
increasing demand for electric

38 Investing in the Rising Data Center Economy, McKinsey & Company, January 17, 2023.

39 Surge in Chip Fabs Could Make Renewable Energy Targets Harder to Reach, Times
Union, January 15, 2023.
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power, the Department of Energy projects that the
U.S. power grid could nearly double in capacity
from 2022 to 2050.%°

The breakout and rapid scaling of Al is pro-
ducing unexpected demand. The Al boom is
rapidly increasing demand for compute power,
placing pressure on data centers in the United
States and abroad, and the supply of electricity
that powers them. The IEA reported that data
centers’ total electricity consumption globally
could double to more than 1,000 terawatt-hours by
2026.4" That’s roughly equivalent to the electricity
consumption of Japan. In the United States, a new
study reports that data centers could consume up
to nine percent of electricity generation by 2030,
more than double the consumption today.*?

U.S. private sector Al leaders are beginning to
turn to nuclear energy to meet their escalating
power needs to support Al. Microsoft struck an

40 U.S. Electric Capacity Mix Shifts from Fossil Fuels to Renewables in AEO2023, Today in
Energy, Energy Information Administration, U.S. Department of Energy April 13, 2023.

a4 Electricity 2024, Analysis and Forecast to 2026, International Energy Agency, January
2024.

42 Press Release, EPRI Study: Data Centers Could Consume up to 9% of U.S. Electricity
Generation by 2030, Electric Power Research Institute, May 28, 2024.
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“Having access to reliable,
affordable energy is crucial
because that drives our
competitiveness as a nation.
Make no mistake about it. Our
energy costs are the biggest
single competitive advantage
other than the talent that we have

in this country.”

Gregory Hill
President and Chief Operating Officer
Hess Corporation

unprecedented deal to restart the Three Mile
Island nuclear power plant, committing to pur-
chase 100 percent of its power for 20 years. The
plant could generate the equivalent of energy
needed to power 800,000 homes.*® It also signed
an agreement to purchase electricity from a
Helion nuclear fusion power plant scheduled for
deployment in 2028.44 Amazon inked an agree-
ment to buy power from the Susquehanna nuclear
power plant to support a data center complex in
Pennsylvania.*®* Amazon also announced that it
has signed three new agreements to support the
development of nuclear energy projects—includ-
ing enabling the construction of several new small
modular reactors.*® Google signed an agreement
to purchase nuclear energy from multiple small
modular reactors to be developed by Kairos
Power.*” And venture funding is beginning to flow

43 Microsoft Deal Would Reopen Three Mile Island Nuclear Power Plant to Power Al, Wash-
ington Post, September 20, 2024.

44 Helion Announces World'’s First Fusion Energy Purchase Agreement with Microsoft,
Helion, May 10, 2023.

45 Microsoft Deal Would Reopen Three Mile Island Nuclear Power Plant to Power Al, Wash-
ington Post, September 20, 2024.

46 Amazon Signs Agreements for Innovative Nuclear Energy Projects to Address Growing
Energy Demands, Amazon, October 16, 2024.

47 New Nuclear Clean Energy Agreement with Kairos Power, Google Blog, October 14,
2024.

into companies in this domain.*® These leading
hyperscalers may disrupt the nuclear industry,

and drive the advancement and deployment of
“‘new” nuclear.

By a wide margin, Northern Virginia is the

data center capital of the world. Data centers
accounted for 24 percent of Virginia Power’s (the
largest-investor-owned utility in the state) electric-
ity sales in 2023. The utility is exploring the use
of small modular nuclear reactors to meet future
growth in demand, adding to its already signifi-
cant use of nuclear energy to provide carbon-free
power generation.*®

The pathway to net zero remains ambitious,
but challenging, requiring a transformation of
the global economy. Recently, Bloomberg put a
$215 trillion price tag on achieving net zero.%° For
example, a dramatic acceleration of clean energy
deployment would be required for the United
States to achieve a carbon-free U.S. electricity
sector by 2035. In 2023 renewables accounted
for about 21 percent of U.S. utility-scale elec-
tricity generation, and nuclear about 19 per-
cent.>" The Department of Energy estimates that
reaching carbon-free electricity by 2035 would
likely require solar to supply 40 percent of U.S.
electricity, but provided only about 4 percent in
2023, and wind would need to provide about 36
percent but provided only about 10 percent in
2023.%2 Annual solar deployment would need to
grow by 20 percent each year for the rest of the
decade and be maintained to 2035. The cost of
solar components would need to fall significantly

48 Microsoft Deal Would Reopen Three Mile Island Nuclear Power Plant to Power Al, Wash-
ington Post, September 20, 2024; 2024 Generative Al Predictions, CB Insights.

49 Powering Your Every Day, Dominion Energy, 2023 Annual Report

50 New Energy Outlook 2004. BloombergNEF, May 21, 2024, https://assets.bbhub.io/profes-
sional/sites/24/847353_NEO24_ExecSum.pdf

51 FAQ: What is U.S. Electricity Generation by Energy Source? Energy Information Adminis-
tration, U.S. Department of Energy, February 29, 2024.

52 Solar Futures Study, Office of Energy Efficiency and Renewable Energy, U.S. Department
of Energy, September 2021; FAQ: What is U.S. Electricity Generation by Energy Source?
Energy Information Administration, U.S. Department of Energy, February 29, 2024.
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to make this broadly affordable. For wind, the
levelized cost of energy would need a 50 percent
reduction to make wind electricity cost-competi-
tive nationwide.%3

Globally, clean energy investment has risen by
40 percent since 2020, reaching an estimated
$1.8 trillion in 2023.5* While some clean energy
supply chains are bogged down, for example
wind, there is an accelerating pace of change in
other areas. For example, in 2020, one in 25 cars
sold was electric; in 2023, it was one in five. More
than 500 gigawatts of renewables generation
capacity was set to be added in 2023—a new
record. More than $1 billion a day is being spent
on solar deployment.

While progress is being made, a pathway to
limiting global warming to 1.5 °C is very difficult.
The recent IPCC 6th Synthesis Report states that
global warming is more likely than not to reach
1.5°C even under the very low GHG emission
scenario and likely or very likely to exceed 1.5°C
under higher emissions scenarios. In the IEA's
2024 Global Energy Outlook Announced Pledges
Scenario—which assume the full and timely
implementation of national energy and climate
goals, including net zero emissions targets—

the share of fossil fuels meeting global energy
demand would still be 35 percent by 2050. In this
scenario, IEA projects that global warming would
increase to 1.7 °C.*°

Clean Technology Manufacturing Investment by Technology and Region,

2022-2023
Source: Advancing Clean Technology Manufacturing: An Energy Technology Perspectives Special Report, International Energy Agency, May 2024.
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53 U.S. Department of Energy, FY 2025 Congressional Budget Justification, Volume 4,
Energy Efficiency and Renewable Energy, March 2024.

54 Bringing Down the Cost of Capital is Key to Unlocking Clean Energy Growth in Emerging
Economies, International Energy Agency News, February 8, 2024.

55 World Energy Outlook 2024, International Energy Agency, October 2023.
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Cost competitiveness in clean energy tech-
nology favors China. China alone accounts for
more than 80 percent of global solar PV module
manufacturing capacity,*® while and major econo-
mies are subsidizing clean energy production and
erecting trade barriers. Solar PV manufacturing
costs in China are around 35-65 percent lower
than in the United States and Europe. The cost of
manufacturing the main components of onshore
wind turbines is estimated at around $385/kW in
China compared to between $485/kW-$535/kW in
Europe and the United States, and costs for man-
ufacturing battery cells are 20-35 percent lower.*’

The main upfront cost that contributes to overall
production costs is the capital expenditure to set
up a clean energy manufacturing plant, and the
associated financing costs. China is the low-
est-cost region for manufacturing capital invest-
ment for all technologies and for all manufacturing
steps. Cost for clean technology manufacturing
facilities in the United States and Europe are
between 70-195 percent more expensive per unit
of output capacity. Operational costs differentials
and clean energy manufacturing subsidies con-
tribute to the cost gaps even more. Also, China
has protected its home market for solar PV, wind
power-generation, and EV batteries.%8

Nuclear energy holds a major solution to
the U.S. and global clean energy challenge,
and new market opportunities for the United
States. The one technology that could signifi-
cantly advance a pathway to carbon free, base-
load electricity now is nuclear. It has the lowest
CO;, emissions per megawatt-hour, the lowest

56 Advancing Clean Technology Manufacturing: An Energy Technology Perspectives Spe-
cial Report, International Energy Agency, May 2024

57 Advancing Clean Technology Manufacturing: An Energy Technology Perspectives Spe-
cial Report, International Energy Agency, May 2024

58 Advancing Clean Technology Manufacturing: An Energy Technology Perspectives Spe-

cial Report, International Energy Agency, May 2024; The Future of European Competitive-

ness, European Commission, September 2024.

land use, and the highest capacity factor of any
major generating energy source.*® For example,

a typical commercial nuclear reactor provides the
clean energy equivalent of more than 3 million
solar panels or more than 430 utility-scale wind
turbines. A 1,000 megawatt nuclear facility needs
about one square mile to operate, while wind
farms require 360 times more land to produce the
same amount of electricity and solar PV plants
require 75 times more space.®®

In addition, nuclear power has the highest eco-
nomic impact of any power generation source, as
measured in GDP increase per dollar invested.
Nuclear power plants have approximately 300
percent of the jobs per GW (gigawatt) when
compared to wind power, and the pay of nuclear
workers is approximately 50 percent higher than
that in the wind or solar sectors.®

The United States faces significant competition
from China in the nuclear industry. For exam-

ple, the United States leads in the development
of nuclear energy technologies, but has fallen
behind China and Russia in deployment. As of
April 2024, China has 23 commercial reactors
under construction, another estimate indicates
30 under construction, and the United States has
none. The United States has the largest nuclear
fleet, with 94 reactors, but it took nearly 40 years
to add the same nuclear power capacity China
added in 10 years.®? Also, China is rapidly build-
ing the world’s first onshore small modular nuclear
reactor, scheduled for operation in 2026. China
may use its domestic nuclear capacity and expe-
rience as a springboard for reactor exports.

59 Pathways to Commercial Liftoff: Advanced Nuclear, U.S. Department of Energy, Septem-
ber 2024.

60 3 Reasons Nuclear is Clean and Sustainable, and INFOGRAPHIC: How Much Power
Does a Nuclear Reactor Produce? Office of Nuclear Energy, U.S. Department of Energy,
June 2022 and July 2022.

61 Pathways to Commercial Liftoff: Advanced Nuclear, U.S. Department of Energy, Septem-
ber 2024.

62 China Continues Rapid Growth of Nuclear Power Capacity, In-Brief Analysis, U.S. Energy
Information Administration, U.S. Department of Energy, May 6, 2024; Nuclear Power in
China, World Nuclear Association, August 13, 2024.
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Nuclear Offers a Unique Value Proposition for a Net Zero Grid

Source: Pathways to Commercial Liftoff: Advanced Nuclear, U.S. Department of Energy, September 2024.
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The United States has a golden opportunity to
leverage its edge in nuclear energy technologies
to both leap frog into competitive leadership in
global nuclear energy markets and accelerate the
U.S. pathway to carbon-free electricity.

Major breakthrough as researchers achieve
nuclear fusion ignition. After 60 years of work,
on December 5, 2022, researchers at Lawrence
Livermore National Laboratory’s National Igni-

tion Facility for the first time anywhere by any
approach achieved a fusion experiment that pro-
duced more fusion energy than the laser energy
required to trigger the reaction—a huge advance-
ment for the field, repeated in four subsequent
experiments.®® Nuclear fusion has the potential

to deliver an inexhaustible supply of cheap clean
energy. The United States has 25 companies
working on different concepts, and most of the
investment. In 2023, the Department of Energy
awarded $43 million to eight of these companies
to fund R&D and deliver within 18 months an early
fusion pilot plant design.®* Many commercial com-
panies are targeting the early 2030s for putting
fusion energy on the grid, and a few start-ups
have even more aggressive timelines.

63  Fusion Ignition and the Path to Inertial Fusion Energy, https://lasers.linl.gov/news/fusion-
ignition-and-the-path-to-inertial-fusion-energy.

64 Preconceptual design addresses the same issues as a conceptual design but at lower
levels of fidelity and with greater uncertainties.

SECTION D

China—the United States Most
Formidable Strategic Competitor
Spreads Its Wings

The PRC is the only competitor with both the
intent to reshape the international order and,
increasingly, the economic, diplomatic, mili-
tary, and technological power to do it. Beijing
has ambitions to create an enhanced sphere
of influence in the Indo-Pacific and to become
the world’s leading power. It is using its tech-
nological capacity and increasing influence
over international institutions to create more
permissive conditions for its own authoritarian
model, and to mold global technology use and
norms to privilege its interests and values.

National Security Strategy
White House, October 2022

China has continued to pose as the most
formidable strategic competitor the United
States has ever faced. China seeks to supplant
the United States as the world’s economic, tech-
nological, military, and geopolitical leader. It is
using every tool in its arsenal to build a science
and technology capability rivaling those of the
United States. It seeks to achieve and use its
technological superiority for economic, political,
and military gain. For example, China now rivals
the United States in DNA-sequencing equipment
and some foundational research. Beijing’s large
volume of genetic data potentially positions it to
lead in precision medicine and agricultural bio-
technology applications.®®

Members of Congress and the FBI have raised
alarms about U.S. research collaborations
with China and China’s expa