
S
P

E
C

I
A

L
 

C
O

M
P

E
T

I
T

I
V

E
 

S
T

U
D

I
E

S
 

P
R

O
J

E
C

T

N
A

T
I

O
N

A
L

 
A

C
T

I
O

N
 

P
L

A
N

 
F

O
R

 
U

N
I

T
E

D
 

S
T

A
T

E
S

 
L

E
A

D
E

R
S

H
I

P
 

I
N

N
ex

t-
G

en
er

at
io

n 
En

er
gy

 
0

2
.

2
0

2
4



N A T I O N A L  A C T I O N  P L A N  F O R  U . S .  L E A D E R S H I P  I N  N E X T - G E N E R A T I O N  E N E R G Y

2 

The Special Competitive Studies 

Project (SCSP) is a bipartisan, non-

profit project with a clear mission: to 

make recommendations to strengthen 

America’s long-term competitiveness 

as artificial intelligence (AI) and other 

emerging technologies are reshaping 

our national security, economy, and 

society. 
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A Letter from the 
Chairman & the CEO
SCSP is developing a series of National Action Plans to ensure U.S. leadership in key 

technology areas. This action plan – the fourth in the series – addresses the next generation 
of clean energy technologies that will shape individual lives and great power geopolitical 
tensions. Energy is the foundation of the modern world. Everywhere you look, some form 
of energy is being used to make our lives better. As we enter the Age of AI with an 
increasingly digitized and connected world, energy technologies will only grow in 
importance.

The national security imperative that the United States and its allies and partners lead the 
world in energy cannot be overstated. Since the dawn of the Industrial Age, energy has 
been at the center of geopolitics. Access to energy is so critical to society that reliance on 
rival or unreliable countries is a threat to national power. Energy security confers 

economic, diplomatic, and military advantages. Unsurprisingly, it will continue to play a 
central role in the global techno-economic competition between the United States and the 
People’s Republic of China (PRC). The PRC has a significant lead in many aspects of the 
clean energy technology ecosystem and has used its massive domestic market and 
sprawling industrial manufacturing base to excel in areas such as electric vehicles, solar 
and wind power, and critical mineral mining and processing.

The race is now on to develop and deploy next-generation ways to generate, store, and 
move clean energy in the drive to reduce greenhouse gas emissions. The United States built 
a position of strength in a world powered by coal, oil, and gas, but the global community is 
shifting resources to clean energy sources and continued U.S. leadership is not assured. The 

energy sector is undergoing a massive transformation, and the United States must take 
bold actions to accelerate energy innovation and deployment. 

Drawing on expertise from academia, the private sector, and government, this action plan 
combines bold technology “moonshots” with organizational changes and policies that 
would position the United States for durable advantage. Rather than address every aspect 

of the vast energy sector, our action plan focuses on solving for U.S. advantage from a 
national security perspective. We invite you to join us in this effort to ensure that the United 
States, along with its democratic allies and partners, is positioned and organized to win the 
techno-economic competition between now and 2030, the critical window for shaping the 
future.

Eric Schmidt
Chairman

Ylli Bajraktari
President & CEO
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Introduction

The world’s two largest economies, the United States and the People’s Republic of China (PRC), 

are jockeying for competitive advantage across every element of national power. As the world’s 

largest energy consumers and producers, energy leadership is central to the geopolitical 

competition. The ability to produce and use energy when and where it is needed confers a host of 

national security, economic, and diplomatic advantages.1  

Meanwhile, the global energy system is undergoing a massive transformation. While fossil fuels 

continue to play a vital role in the global economy, the world is increasing its clean energy capacity 

to address the effects of climate change.2 Global clean energy investments matched fossil fuel 

investment for the first time in 2016, and since then, has grown to surpass it by $700 billion as of 

2023.3 The growth of clean energy deployments is changing how we generate, store, and move 

energy for end-use applications.  

The confluence of these techno-economic trends is bringing about new challenges, new supply 

chains, and new uncertainties about how to handle emerging energy technology and policy 

tradeoffs. An ideal energy system would be abundant, clean, secure, reliable, resilient, and low-

cost. However, real-life decisions seldom allow for easy progress across all these variables, and 

maximizing for one will come at the expense of the others.  

Policymakers are forced to choose among competing geopolitical and energy objectives and are 

grappling with a range of difficult questions: How can we secure supply chains without driving up 

costs and slowing new deployments? How can we accelerate clean energy at scale without 

compromising the redundancies and security of the fossil fuel networks we built over decades? 

How do we prioritize limited resources between catching up to competitors and looking for areas 

in which we can establish new leadership?  

Technology will not always be the answer to these policy questions, but it can help better balance 

the political-economic trade-offs. For example, improved grid-scale energy storage reduces the 

impact of wind and solar power generation intermittency. Advances in materials science will lead 

to substitutes for scarce metals and minerals, thus improving supply chain costs and security. 

Commercial fusion energy could rewire the geopolitics of energy entirely.  

This document provides forward-looking moves for how the United States, together with allies 

and partners, can establish global leadership in next-generation energy through 2030 and 

beyond. Meeting the need for more energy, and increasingly more sustainable energy, will 

require innovations in how we generate, store, and move energy. We must reconsider what 

talent, structures, and policies we need to create to demonstrate and deploy new breakthroughs 
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at speed and scale. Bold national energy technology goals can propel the entire American 

innovation ecosystem into a position of global advantage.

Desired Endstate 

The United States leads the world in energy technology innovation and deployment, resulting in 

an abundant, clean, secure, reliable, resilient, and low-cost energy system at home and shared 

abroad. 

We envision a world where: 

• Clean energy is “too cheap to meter,” meeting future demand while unleashing prosperity

and innovation across society.4

• Secure critical energy supply chains run through the United States and its allies and partners,

ensuring the ability to realize our collective economic potential and protect national security

interests.

• A diversified energy portfolio and hardened infrastructure strengthen resiliency and

broaden accessibility, protecting against geopolitical and environmental disruptions.

• The U.S. government and industry together lead the world in expanding energy innovation

and deployment globally to empower emerging and middle-income economies.

Central Policy 

Chart a path toward next-generation energy technologies by catalyzing disruptive innovation via 

energy moonshots to offset strategic dependencies. In parallel, pursue key supporting moves to 

strengthen ecosystem enablers for sustainable innovation, demonstration, and the scaled 

deployment of next-generation energy technologies.  

Background 

The geopolitics of energy security is set to undergo a major transformation as the world scales up 

clean energy deployments to supplement and eventually supplant fossil fuels. Positional 

advantage in next-generation energy technologies will cut across multiple domains, from 

research and development (R&D) to critical supply chains to manufacturing to the deployment of 

energy technologies at scale.  
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Confronting China’s Outsized Dominance in the Clean Energy Supply Chain 

The United States continues to excel in innovating clean energy technologies, but faces hurdles in 

supply chains and commercialization, challenged by high costs, financial risks, talent gaps, and 

regulatory barriers. Indeed, many of the core clean energy technologies today, such as the 

lithium-ion battery and photovoltaic solar panels, were invented in the United States but were 

ultimately outsourced abroad, namely to China. At the same time, the PRC holds commanding 

leads in access to critical inputs for clean energy technologies, minerals processing, 

manufacturing, and deployment. China controls 60% of worldwide critical mineral extraction and 

85% of processing capacity.5 It also has 80% of the world’s solar manufacturing capacity and 

nearly 60% of global wind power manufacturing.6 It is the same story for batteries. Six out of the 

top ten battery manufacturers are in China, which produces 77% of the world’s batteries.7 China’s 

success in scaling green energy production has lowered global costs, but has left the world 

increasingly dependent on a single source of exports, undermining innovation in alternative clean 

energy technology pathways.8 

China’s recent export controls on critical minerals such as graphite and gallium, as well as mineral 

processing equipment, underscore not only Beijing’s willingness to use its dominance in the mineral 

supply chain as a tool for coercive leverage in the tech competition, but also demonstrates the 

need for the United States and other allied/partner nations to diversify its energy storage options 

beyond lithium-ion batteries.9 China’s central role in the critical mineral supply chain is not a result 

of natural endowment, but rather a product of industrial strategy.10  

Due to China’s dominant position in many aspects of the energy technology ecosystem, the United 

States must carefully evaluate ways to strategically offset Beijing’s capabilities while finding ways 

to reduce dependence on the PRC. Indeed, in areas such as advanced battery technology, U.S. 

firms are also forming voluntary joint ventures with their PRC counterparts in order to gain access 

to PRC battery technologies, after decades of the PRC seeking to gain access to superior U.S. 

technology.11 In some cases, PRC battery firms like CATL have collaborated with U.S. firms to gain 

access to the lucrative U.S. market, risking deepening U.S. dependence on PRC technology.12  
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Graphic Source13 

Accelerating American Innovation and Industrial Capacity to Meet the 

Energy Challenge 

The United States has been a net exporter of energy since 2019, largely thanks to the shale 

revolution, which strengthened U.S. energy security and reduced the leverage of geopolitical 

rivals like Russia.14 However, shifting away from our advantages in natural gas to maximize clean 

energy could come at the expense of U.S. and allied energy security, especially if the PRC 

continues to dominate clean energy supply chains.15 We cannot yet responsibly account for all the 

variables of an ideal energy system (abundant, clean, secure, reliable, resilient, and low-cost) with 

clean energy alone; we need to accelerate innovation and industrial capacity.  

The good news is that the United States is aggressively taking action to establish leadership in 

clean energy technologies. Significant investments by the U.S. government and private sector are 

spurring technological innovation as policymakers, regulators, and utilities work through barriers 

to deployment. A great deal of work remains to be done, but there is momentum in the right 

direction. In 2021 and 2022, Congress passed monumental pieces of legislation, including the 
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Bipartisan Infrastructure Law (BIL) and the Inflation Reduction Act (IRA), signaling a renewed 

American commitment to clean energy manufacturing and deployment.16 The Department of 

Energy (DOE) has sought to keep pace with the changing nature of technology by restructuring 

its bureaucracy, adding new tech-focused offices, streamlining processes, and making a major 

hiring push to advance ambitious energy goals.17 The private sector is also actively involved. 

Maturing “capital stack” and a developing capital structure that is increasingly open to 

experimentation with financing, risk, and business models aim to effectively transition technology 

from the laboratory to capital-intensive deployments.18 

Forging New Partnerships for New Energy 

Numerous allies and partners are joining the United States in driving the innovation necessary for 

expanding clean energy capacity, each pursuing their own ambitious policies. In October 2023, 

the European Commission updated its long-term Strategic Energy Technology Plan to harmonize 

efforts among EU members, support clean energy technology, create resilient networks, and 

secure industrial competitiveness under the Net-Zero Industry Act, reaffirming goals outlined in 

the European Green Deal.19 Australia, having finalized the bilateral Climate, Critical Minerals, and 

Clean Energy Transformation Compact in 2023 and establishing an Australia-United States Task 

Force on Critical Minerals, has become a prominent advocate and partner in the worldwide shift 

towards clean energy.20 South Korea, too, has outlined ambitious clean energy objectives in its 

own New Green Deal of 2020, with $61 billion earmarked for supporting green economic 

endeavors and more than tripling renewable energy sources between 2019 and 2025.21 And 

Japan is putting approximately $1 trillion USD towards clean energy technologies as part of its 

Green Transformation (GX) program.22 

Capitals around the world are adopting policies and initiatives to fully harness the potential of 

next-generation energy technologies. To maximize our collective competitiveness against 

outsized PRC advantages throughout the clean energy supply chain, however, the United States 

should work closely with allies and partners to not only foster closer collaboration on energy R&D, 

but also ensure that there is a sensible degree of policy coordination. The nature of the tax 

incentive provisions in the IRA created tensions with important allies, but also opened the way to 

new framework negotiations for better integration. The United States came to an agreement 

with Japan and is in negotiations with the European Union.23 Broad alignment and cooperation 

will accelerate global clean energy advancement.24  

Those who lead in developing and deploying abundant, low-cost, and resilient clean energy 

technologies will be poised to rewrite the geopolitical dependencies of the 21st century. U.S. and 

allied success is not assured. No single technology or policy shift will solve our challenges. We need 

a whole-of-nation effort to advance a diverse portfolio of technologies. We must embrace 

innovation, foster collaboration, and navigate the challenges with strategic foresight.  
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Fueling the Next Wave of Technology Innovation 

The connection between emerging technologies and energy is multi-faceted. On one 

hand, certain advanced technologies are consuming increasingly higher levels of 

energy.25 However, it is essential to recognize that these technologies hold the potential 

to catalyze innovation in the energy sector, leading to increased efficiencies that could 

enhance energy production and supply.  

On the demand side, AI is trained and run via massive data centers, which require 

tremendous and an increasing amount of electricity.26 The ever-growing demand for 

computation has led to data centers currently accounting for 1 to 1.5 percent of global 

electricity consumption.27 According to analysts, by 2027, AI servers could use up to 

134 terawatt hours of electricity annually, the equivalent usage of a small country.28 At 

the same time, AI has the potential to streamline energy production capabilities and  

increase efficiencies, resulting in an expanded energy supply. AI can be used to 

forecast supply and demand, identify predictive maintenance priorities on the grid, 

site new solar and wind projects for maximum generation, improve discovery of critical 

mineral deposits, and spur energy technology innovation.29 

Addressing challenges around the increasing energy demands of new technologies like 

AI is no different than those related to other energy demands. The world needs more 

energy to advance our collective prosperity. Energy abundance must be the goal. The 

way forward is improving technological efficiency while accelerating the efforts 

covered in this Action Plan to increase clean energy availability at low cost.30  

 

First Principles  
 

• Leadership in the Energy Transition Will Convey Strategic Advantage. The ability to create, 

deliver, and use energy is intrinsically tied to military, economic, diplomatic, and societal 

power. Early adopters in new emerging energy technologies will have tremendous leverage 

in nearly every aspect of geopolitical competition. 

• Success Will Require a Silver Buckshot Rather than a Silver Bullet. Diverse geographical and 

environmental conditions require diverse clean energy solutions and every solution has its 

tradeoffs. The United States must support multiple simultaneous energy investments and 

adopt a diverse portfolio of energy technologies. 
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• Energy Leadership Will Require Integrated Energy Policies. Energy policy cannot be stove-

piped by sector. When new energy generation technologies come online, they need to be 

supported by the proper infrastructure to be transmitted, distributed, and stored. Energy 

technologies are interconnected and policies governing them need to be formulated and 

executed holistically. 

• Energy Invention Needs to be Deployed.  Breakthroughs in energy technologies will not 

translate into competitive advantage until they are more broadly scaled and adopted. 

Invention and limited deployment are not sufficient. Energy abundance, and all the benefits 

that it will confer, will come from mass deployment and adoption.  

• Many Obstacles to Scale Are Not Technical. Transforming the infrastructure-heavy energy 

system is as much about people, places, and processes, as it is about technology innovation. 

This will require business incentive alignment, regulation and permitting reform, and shifts in 

traditional ways of thinking.  

• Economics Will Ultimately Drive Technological Sustainability. Mass adoption of clean energy 

technologies cannot be achieved through indefinite subsidies and mandates. Government 

investments should be accepting of risk, but also pragmatic in how they support technologies 

in later stages of development – support should only go towards those technologies with clear 

paths to price-performance parity.31  
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1. Launch: National Moonshot Programs for Next-Gen Energy 

1.1 Catalyze a Commercial Space-Based Solar Power (SBSP) Industry 
1.2 Push Fusion From Lab to Grid
1.3 Scale Long Duration Energy Storage (LDES) Solutions

2. Train: Human Capital for the Clean Energy Future

2.1 Empower U.S. Department of Energy Workforce Recruitment
2.2 Build a More Agile Green Collar Workforce 
2.3 Bolster Domestic Critical Mineral Expertise

3. Organize: National Capacity for Energy Innovation

3.1 Fund the Future
3.2 Establish a “Help Desk” for the Department of Energy
3.3 Increase Coordination Between Innovation Hub Programs
3.4 Supercharge Energy Research Using AI
3.5 Harness Innovation Synergies with Allies and Partners

4. Assure: Supply Chains for Energy Technologies

4.1 Stockpile Critical Minerals for National Security and to Boost Domestic Production
4.2 Advance Improved Mining Technologies
4.3 Use Public-Private Partnerships to Increase Domestic Processing Capacity and 
 Technology
4.4 Expand the Critical Mineral Supply to Include Alternative Sources
4.5 Build a Global Network for Critical Mineral Supply Chain
4.6 Increase Manufacturing Capacity of Production Components

5. Scale: Commercial Deployments of Clean Energy Technologies

5.1 Speed Up Regulatory Approvals and Permitting
5.2 Make More Deployment Finance Available

6. Build: The Foundation for the Energy Transition: The Grid of the Future

6.1 Modernize the Grid
6.2 Build a More Connected and Expansive Grid
6.3 Secure the Grid

Appendix: Additional Elements of Success

Nuclear Fission
Hydrogen
Geothermal Energy
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The energy sector is vast and complex, involving diverse stakeholders. Building and sustaining 

leadership in clean energy is a long-term effort. This Energy Action Plan does not offer an 

exhaustive list of actions; rather, it presents a minimal set of key moves to lay the foundation for 

U.S. energy leadership. The following recommendations build off of the efforts already 

underway in the United States in collaboration with allies and partners.32 The first section offers 

three ambitious strategic offsets that would create significant new advantages. The next section 

addresses a range of critical enabling areas that together, serve as a minimum viable solution set 

for U.S. leadership.  

 

 

 

 

Moonshots are audacious goals that can move the entire U.S. innovation ecosystem toward a 

position of competitive advantage. These proposed goals are beyond “hard,” but like the Apollo 

Program, they are attainable through a whole-of-ecosystem effort. The United States needs to 

build off its history of innovation to develop whole new energy capabilities to offset competitor 

advantages in critical segments of the transitioning energy system. 

 

What sets moonshots apart from more incremental approaches to technological progress? First, 

by aiming to achieve a step-change or paradigm shift, such programs drive the rest of the 

innovation ecosystem along with them. Second, properly designed moonshots promote 

accountability by assigning a National Mission Manager to own the program full-time. And third, 

moonshots aim to create a tangible platform – a capability – that solves an especially hard 

problem and creates many second-order benefits for the economy.33  

 

A C T I O N  P L A N  R E C O M M E N D A T I O N  1 / 6  

Launch: National Moonshot Programs for 

Next-Gen Energy 

1.1 Catalyze a Commercial Space-Based Solar Power (SBSP) Industry  

1.2 Push Fusion from Lab to Grid 

1.3 Scale Long Duration Energy Storage (LDES) Solutions 
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For this National Action Plan, we are proposing one moonshot in each of the three core segments 

of the energy ecosystem: power transmission/distribution, generation, and storage. Hundreds of 

technological breakthroughs are needed throughout the energy ecosystem, but the three ideas 

presented here stand out for their boldness and impact.  

 

1.1 Catalyze a Commercial Space-Based Solar Power (SBSP) Industry 
 

One of the fundamental obstacles to achieving energy resiliency is guaranteeing the delivery of 

power supply to meet the demands of end-users. In the United States, building the infrastructure 

necessary for ubiquitous energy transmission has remained a systemic challenge.34 Space-based 

solar power (SBSP) offers a new paradigm for energy distribution by combining 24/7 renewable 

energy generation with continuous power transmission to ground points anywhere on Earth. As a 

type of wireless power transmission, SBSP holds tremendous geopolitical implications for 

economic, diplomatic, and military influence on par with space-based communications and global 

navigation satellite systems.35 The first nation to successfully deploy and scale SBSP will hold a 

number of downstream advantages in energy, space access mobility and logistics (SAML), and 

in-space servicing, assembly, and manufacturing (ISAM), opening the door to new technological 

capabilities beyond energy transmission.36  

 

Technical advancements in reusable launch, power beaming, solar power systems, electronics 

miniaturization, and robotics systems have transformed a decades-long idea into an achievable, 

ambitious goal that would enable the United States to lead in both a critical sector – energy – and 

a critical domain – space.37 SBSP today is more of an engineering challenge than a science 

challenge, though continued innovation is necessary to take technology from the lab to scaled, 

cost-competitive deployment. Challenges include high up-front costs, orbital slots, spectrum 

allocation, lack of assembly techniques, and maintenance.38  

 

China has put forth an ambitious national SBSP program to achieve gigawatt (GW) capacity by 

2050.39 U.S. allies and partners, in particular Japan, the United Kingdom, and the European 

Union, also have coordinated research programs with SBSP deployment goals.40 The United 

States has loosely connected efforts, but not the type of whole-of-nation effort needed to take 

leadership in this technology and compete with the PRC.41 

 

Objective: Catalyze a commercially viable SBSP energy system ahead of competitors. Set 

aggressive goals to demonstrate at least 50-kilowatt (kW) capacity by 2030 and 35GW by 2050.  

 

Method: The goal must be to set the conditions for commercial success as quickly as possible. 

Several public-private partnership (PPP) constructs could effectively advance U.S.-led SBSP 

technology by harnessing the whole innovation ecosystem, including our international partners, 

to overcome technical, engineering, financial, and regulatory risks. Potential options include a 



N A T I O N A L  A C T I O N  P L A N  F O R  U . S .  L E A D E R S H I P  I N  N E X T - G E N E R A T I O N  E N E R G Y  
 

 15 

DoD-led effort (similar to the Global Positioning System), a broad-based international coalition 

(similar to the International Space Station), a federally funded public corporation (similar to the 

Communications Satellite Corporation (COMSTAT) for commercial communications satellite 

systems), or a secure government market supporting a portfolio of commercial companies (like 

NASA’s Commercial Orbital Transportation Services (COTS) program or DOE’s commercial 

fusion model).42   

 

SBSP has economic and national security implications in both the space and energy sectors, so 

the group of government stakeholders that must be involved is diverse: the Department of 

Energy, Department of Defense, NASA, and Department of Commerce. Regardless of the PPP 

construct, the Defense Advanced Research Projects Agency (DARPA) should lead the effort to 

buy down risk in the most important technology areas, such as power beaming, in-space 

assembly, and deployable lightweight structures.  

 

1.2 Push Fusion from the Lab to the Grid  
 

Fusion — the same process that powers the Sun — is perhaps the ideal source of clean, limitless 

energy. While fusion has been studied in laboratories for over 75 years, scalable fusion power 

appears closer than ever.43 The National Ignition Facility (NIF) at Lawrence Livermore National 

Laboratory achieved ignition or “scientific energy breakeven” in an inertial fusion reaction — 

producing more energy than used for the reaction — in December 2022, and has replicated the 

breakthrough multiple times since.44 Private sector companies, taking a variety of technical 

approaches, have raised over $6 billion to achieve scientific net energy in the near future and plan 

to deliver the first commercial fusion power plants within a decade.45  Much work remains to 

translate fusion from a scientific to a commercial endeavor, but with commitment and sustained 

focus to close known R&D gaps and by leveraging the public-private partnerships with the fusion 

industry and stakeholder strengths, fusion energy could reach the grid by the early 2030s.46  

 

Successfully deploying fusion power at scale is a national security imperative, and fusion 

leadership would be a boon for national competitiveness. Both allies and rivals are quickly scaling 

their own programs and ambitions, competing for global fusion leadership.47 The United States 

should seize this moment and set a fusion moonshot as a proof of concept that will organize our 

innovation ecosystem for a scaled fusion future.48  

 

Objective: The United States should have multiple fusion pilot plants successfully delivering 

energy to the grid by 2030.  

 

Method: A National Mission Manager (NMM) with appropriate legal and budgetary authorities 

should be established and tasked with delivering fusion to the grid and encouraging multiple 

technical pathways for fusion. As part of an effort to attract private capital and effectively use 
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public monies, Congress authorized the DOE Milestone-based Fusion Development Program in 

2020 and then allocated the program $415 million over five years in the CHIPS and Science Act.49 

It is important for DOE to continue to focus the necessary resources on this program and the 

Federal Government to support this program with proper funding. Additionally, the Federal 

Government should consider options to make fusion-related technologies eligible for the 45X 

Advanced Manufacturing Production tax credits under the Inflation Reduction Act.50 To enable 

regulatory streamlining, Nuclear Regulatory Commission (NRC) should continue down the path of 

‘by-product-material’ regulation of fusion plants. Funding for basic and applied plasma science 

should continue increasing aggressively, with the growth path envisioned by the Department of 

Energy FY24 budget request as a lower bound.51 The Federal Government should establish an 

Office of Fusion Energy at the Department of Energy to meet the growing needs of a commercial 

fusion industry and fulfill the Bold Decadal Vision. The office’s initial mission should be to get 

fusion power on the grid by 2030 and ultimately serve as the policy apparatus for a thriving U.S. 

fusion ecosystem. 

 

1.3 Scale Long-Duration Energy Storage (LDES) Solutions 
 

Long-duration energy storage will be a critical enabler of the future energy grid by offering 

greater flexibility and reliability. Global solar and wind power generation is projected to grow 3-

4 times by 2030.52 One challenge this presents is that solar and wind power are intermittent 

sources, so their production cannot always match demand in real-time. To meet periods of high 

demand during low production, energy from peak production periods must be stored for hours, 

weeks, or even months.53  

 

Unlike mobility applications, LDES solutions for the grid are less constrained by the need for small 

size and low weight, therefore a much greater range of approaches may prove viable for diverse 

use cases. The LDES commercial sector is rapidly evolving; in an LDES market roundup, Sightline 

Climate captured 51 companies across 10 different technology approaches, from pumped 

hydropower to flow batteries to sensible heat.54 To meet demand, LDES will have to scale 400x 

by 2040, suggesting that the overall market could be valued at over $3 trillion between now and 

2050.55  

 

Objective: As called for in DOE’s Long Duration Storage Earthshot, reduce storage costs by 90% 

in relation to a 2020 baseline in storage systems that deliver 10+ hours of duration by 2030.56 

 

Method: DOE’s Pathway to Commercial Liftoff report for Long Duration Energy Storage outlines 

the key improvements needed in technology, regulation, and supply chains.57 The Long Duration 

Storage Earthshot sets ambitious targets for performance and cost, and organizes cross-cutting 

programs to advance promising technologies at various levels of maturity - either through 

continued R&D or support for demonstration projects. This program deserves continued 
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prioritization by the DOE Office for Science and Energy Crosscuts. Regular updates to the Liftoff 

report are needed to assess progress and address barriers to full commercial viability by 2030.  

 

Key Enablers for U.S. Energy Leadership  
 

The following sections outline essential, technology-neutral policy measures designed to position 

the United States to create and implement a spectrum of energy innovations. These innovations 

are instrumental in realizing our desired end state of establishing an energy system that is 

abundant, clean, secure, dependable, resilient, and cost-effective.  

 

 

 

The energy sector includes an incredibly diverse set of workforce needs, from inventors to 

technicians to construction workers. New systems, technologies, and business models will require 

a range of skill sets to meet our national goals. Finding enough workers to meet current energy 

sector demand is already a challenge, while projected future needs will be many times higher.58 

Smart government policies are needed to support existing market forces to more rapidly address 

critical skill gaps.  

 

2.1  Empower U.S. Department of Energy Workforce Development  
 

DOE is the center of the U.S. federal government’s efforts to advance U.S. leadership in energy 

and it needs the best talent resources to achieve its mission. The Department needs the 

bureaucratic agility to recruit, hire, train, and retain talent to keep pace with the evolving energy 

landscape.  

 

Objective: Expand DOE’s toolkit to attract top energy talent.  

 

A C T I O N  P L A N  R E C O M M E N D A T I O N  2 / 6  

Train: Human Capital for the Clean Energy 

Future 

2.1 Empower U.S. Department of Energy Workforce Recruitment 
2.2 Build a More Agile Green Collar Workforce  

2.3 Bolster Domestic Critical Mineral Expertise 



N A T I O N A L  A C T I O N  P L A N  F O R  U . S .  L E A D E R S H I P  I N  N E X T - G E N E R A T I O N  E N E R G Y  
 

 18 

Method: DOE’s Clean Energy Corps initiative, which aims to hire 1,000 additional workers 

focused on clean energy, is taking advantage of expanded Direct Hire Authority (DHA) to 

accelerate onboarding of qualified staff.59 In order to ensure DOE is able to continue hiring clean 

energy-focused staff, DOE should request OPM (1) extend its authority beyond 2025, and (2) 

increase its cap beyond 300 positions as the Federation of American Scientists recommended in 

its clean energy workforce report.60 DOE should also expand and make it easier for its hiring 

teams to use the Intergovernmental Personnel Act (IPA) program that allows outside experts 

from eligible institutions to temporarily serve in government roles requiring specialized expertise. 

To do so, DOE should automatically grant IPA eligibility to organizations already certified by 

other agencies.61  

 

2.2  Build a More Agile Green Collar Workforce 
 

Scaling clean energy deployments will require expansive new infrastructure across the country. 

Stakeholders will have to build or retrofit manufacturing facilities and construct new energy 

installations. Workers will need to be trained to operate new systems and maintain equipment. 

An inability to fill the range of labor positions will slow the deployment of clean energy 

technologies. 

 

Objective: Meet the growing demand for energy jobs, from operations and maintenance to 

construction and finance.  

 

Method: There are many new and established government workforce initiatives. The 2023 

Biden-Harris Administration Roadmap to Support Good Jobs seeks to align these many 

programs into a whole-of-government effort.62 Given the scale and diverse nature of the energy 

sector’s workforce needs, additional bureaucratic leadership is warranted. A single coordinator, 

based either at the National Economic Council (NEC) or the Department of Commerce (DOC), 

focused on energy workforce development and training would coordinate across multiple 

government agencies to identify skill gaps, establish standards, assess effectiveness, and share 

best practices.63  

 

2.3  Bolster Domestic Critical Mineral Expertise 

 

The United States needs more specialized operators and engineers to increase access to critical 

minerals through mining and processing operations at home and U.S. ventures abroad.64 In 

particular, there are not enough qualified workers to fill highly technical positions.65 The Critical 

Minerals Mining Research and Development program created in the CHIPS and Science Act 

allows grants to be used for undergraduate and graduate training and research opportunities, 

which is a good start, but more needs to be done.66 
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Objective: Grow and retain a domestic mining and processing workforce for critical minerals. 

This includes both mining operators as well as highly qualified metallurgy engineers proficient in 

emerging mining and processing technologies.  

Method: The United States should establish a grant program for existing mining schools to 

expand student recruitment and research, and to support schools seeking to establish new mining 

programs.67  

Federal, state, and local governments have undertaken significant steps to spur both national and 

local-level energy innovation through renewed investments, but it will take time for those 

investments to run their course before producing results.68 To quickly leverage government 

initiatives and cement the nation's position as the world's energy leader, the United States must 

further optimize and organize its energy innovation ecosystem. The Department of Defense, 

Department of Commerce, Department of State, and others play important roles in shaping our 

energy future, but this report primarily focuses on the Department of Energy, which has the 

leading role in transformative science and technology solutions to energy challenges.69 

3.1 Fund the Future 

Federal legislation such as the BIL, IRA, and the CHIPS and Science Act all make historic 

investments into the energy sector.70 However, most of this federal funding focuses on spurring 

the deployment of today’s energy technologies rather than the discovery of next-generation 

energy technologies. The United States must continue to support over-the-horizon 

breakthroughs through sustained support for foundational knowledge discovery. By increasing 
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investment in basic and applied research, the nation will be able to solve future energy problems 

that will require novel solutions.  

Objective: Spur the development of future energy technology by supporting basic and applied 

energy research.  

Method: Congress authorized significant investments in energy research in the CHIPS and 

Science Act, including for DOE programs, but additional appropriations as requested by the 

Department of Energy’s Office of Sciences are necessary.71 As in the Department's Fiscal Year 

2024 request, DOE should continue to increase its budget annually to expand support for its vast 

energy research portfolio and the Department's Earthshot initiatives.72 DOE should also consider 

further collaborating and coordinating with other R&D agencies like the National Science 

Foundation (NSF) to maximize federal investments in the energy sector. 

3.2  Establish a “Help Desk” for the Department of Energy 
DOE is the primary cabinet-level federal agency overseeing the various initiatives, programs, 

loans, and grants relating to the energy sector. For startups and companies to gain access to 

these resources and for DOE to expand its public-private partnerships, these two corners of the 

energy ecosystem need greater bridges between them. To reach the nation's energy goals, the 

private sector and the government must work together and have coordinated points of entry to 

better synchronize and allocate public and private resources. Graphic Sources73 
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Objective: Move towards a single coordinated point of entry for private sector energy 

stakeholders to make DOE more accessible to all stakeholders within the innovation ecosystem.  

Method: Develop a Help Desk for DOE that serves as a “front door” to the Department or a 

"match-maker" between private sector stakeholders and various DOE offices, programs, 

initiatives, and funding opportunities. Building off the Department’s work to internally coordinate 

across the organization, a Help Desk could sit under the Under Secretary for Science and 

Innovation who oversees DOE’s Office of Sciences and the DOE national laboratories.74 This Help 

Desk function would better connect industry with DOE counterparts, finding where companies 

could advance the Department's mission across the energy sector, and helping startups and 

academic researchers find funding opportunities and grants to spur energy innovation.  

3.3 Increase Coordination Between Innovation Hub Programs 

Many recent federal initiatives encourage place-based innovation, recognizing that work at a 

sub-national level and within labs, classrooms, workshops, and offices across the country 

significantly contribute to technological advances.75 Just as importantly, this type of coordination 

lays the groundwork with transition partners to ensure breakthroughs are actually adopted. 

Examples of these various initiatives include the Department of Commerce’s Economic 

Development Administration's Regional Technology and Innovation Hubs program and the 

National Science Foundation's Regional Innovation Engines, both of which aim to advance the 

development of critical technologies, such as artificial intelligence (AI).76 The Department of 

Energy has also taken steps to encourage regional energy innovation through its own regional 

innovation hubs, including the recently announced H2Hubs Program.77 With three departments 

and various initiatives, there is potential to optimize regional innovation for the energy sector 

itself, allowing states, cities, and localities to become leaders and producers of current and future 

energy technologies.  

 
Objective: Increase coordination of energy hubs with other regional tech hubs to maximize the 

nation’s innovation potential.  

Method: The Department of Energy should work more closely with the Economic Development 

Administration and the National Science Foundation's Directorate for Technology, Innovation, 

and Partnerships to establish hydrogen and other energy hubs. Increased collaboration when 

designating, co-locating, or even cross-awarding the many forms of regional technological hubs 

could enable resource sharing and talent exchanges between various stakeholders within an 

area's innovation ecosystem. Also, better coordination across the interagency, including with the 

Department of State, such as the Special Representative for City and State Diplomacy, when 

furthering regional innovation could enable cities and towns across the nation to work more 

closely with allied and partner localities to solve the world’s greatest energy challenges.78  
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Graphic Sources79 

3.4  Supercharge Energy Research Using AI 

AI revolutionizes how nations invent, adopt, and adapt to new technologies.80 As AI converges 

with every scientific and technological field, it is changing research and development (R&D) at its 

core—from speeding up every step of the scientific process to advanced modeling and simulation 

of market-ready prototypes.81 AI has automated operations within nuclear fusion reactors, 

helping to recreate the Sun's power on Earth, and AI enabled by quantum computing can identify 

new materials for critical energy technologies, such as EV batteries.82 AI can help lead to more 

effective solutions to the nation's biggest energy problems and help the nation achieve DOE’s 

various Earthshots.83 Harnessing AI's catalytic potential for energy R&D is necessary for 

innovation and, thus, the energy transition.  

Objective: Accelerate energy research and development across the energy innovation 

ecosystem using AI. 

Method: The Department of Energy's National Laboratory System should develop a joint 

program or S&T Discovery Platform designed to unlock new AI-enabled capabilities and 

approaches for the discovery, design, testing, building, and deployment of innovative energy 

science and technologies.84 As directed by the White House's recent Executive Order on AI, DOE’s 

newly appointed Director of the Office of Critical and Emerging Technology and Chief Artificial 
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Intelligence Officer could oversee the development of this proprietary AI model for energy 

applications, and the effort could be housed within one of the National Labs to provide shared 

access to sector-specific datasets, computing resources, and scientific expertise.85  

3.5 Harness Innovation Synergies with Allies and Partners 

The massive scale of shifting more of the energy system to clean sources requires many people 

driving many breakthroughs. One of the greatest strengths of the United States is its network of 

allies and partners. The United States will ultimately be stronger and better positioned in relation 

to the PRC if it closely coordinates energy research and development with its allies and partners. 

Objective: Harness the combined innovation power of allied and partner nation ecosystems 

through deeper energy research collaborations.  

Method: DOE should build off its existing international engagement efforts to more closely 

connect its national research ecosystem with the public research institutions in allied and partner 

nations.86 DOE should build and maintain a list identifying which allied and partner nations are 

leading in priority areas of energy research. DOE’s new Office of Critical and Emerging 

Technology could serve as the initial lead and focus on its priority technology list: AI, 

biotechnology, quantum technologies, and semiconductors. Then, in coordination with the DOE 

Office for Science and Energy Crosscuts, additional connections can be made between relevant 

U.S. teams and leading ally and partner teams for targeted collaborative research.87  
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The growth of clean energy innovation and deployment requires an evolving supply chain to meet 

demand, which includes critical mineral mining, materials processing, and the manufacturing of 

subcomponents, components, and end-use products.88 Today the PRC dominates this supply 

chain.89 Ensuring U.S. leadership does not require fully domestic supply chains, but it does need 

sufficient inputs and manufacturing capacity to protect against geopolitical disruptions. There 

are no quick fixes in these areas, but the United States is already taking significant actions.90 In a 

vast, fast-moving space, the following recommendations are moves to build off existing efforts 

or create new programs worthy of additional attention.  

 

 

Contesting China’s Dominance in Electric Vehicle Batteries  

The EV sector is projected to account for over two-thirds of vehicle sales by 2030, but 

the PRC currently holds a dominant lead in EV battery production.91 Catching up requires 

tackling a range of challenges across the entire supply chain, encompassing critical 

minerals mining and processing, as well as creating additional production capacity. While 

still in the early stages, U.S. action has already produced promising developments. To 

bolster U.S. leadership in battery innovation, the Department of Energy (DOE) unveiled 

its Energy Storage Grand Challenge and Roadmap in December 2020, laying out a 

comprehensive array of solutions for bolstering supply chain resilience and driving 

innovation.92 The Inflation Reduction Act (IRA) subsequently reshaped the U.S. battery 

market by introducing tax credits aimed at bolstering domestic production. As of 

February 2024, a significant portion of IRA investments, some 72 percent of the $98 

million announced thus far, has gone towards battery projects.93 Major auto 

manufacturers have also made billions of dollars in investments and commitments.  

Amid intensifying competition in this space, the United States has a long road ahead but 

it is imperative to capitalize on these positive strides. In 2019, only two operational battery 

factories existed in the United States, but as of mid-2023, approximately 30 are either 

planned, under construction, or already operational.94 The United States should also 

explore alternative battery chemistries. EV batteries require high energy density coupled 

with the need to be durable under diverse environmental conditions for extended 

durations. While lithium-ion batteries presently dominate the market, discovering novel 

chemistries and configurations to enhance performance and address supply chain 

complexities will be needed to offset PRC dominance.95 
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4.1  Stockpile Critical Minerals for National Security and to Boost Domestic 

Production 

 

Critical minerals are necessary for a range of clean energy technologies, but also for the defense 

industry.96 The U.S. National Defense Stockpile (NDS) was created just before World War II and 

was intended to decrease dependence on foreign supply sources during emergencies.97 Valued at 

$42 billion in today’s dollars in 1952, the stockpile now only stands at only $888 million – a fraction 

of its Cold War high.98 Stockpiling critical minerals and other important materials (such as copper) 

would protect against PRC market manipulation and, at the same time, could be used to boost 

domestic production through domestic-content requirements.99 

 

Objective: Enhance resilience by building up the amount of critical minerals in the U.S. National 

Defense Stockpile.100 

 

Method: The FY2024 National Defense Authorization Act (NDAA) directs DoD to take a range of 

actions to improve critical mineral supply chain independence.101 These requirements include 

evaluating the use of the NDS to expand supply chains and processing in the United States and 

with allies and partners, and leveraging the NDS to develop and purchase strategic and critical 

materials from reliable sources.102 DoD has also been granted multiyear purchase authority for 

rare earth elements and permanent magnets.103 The Department should rapidly leverage these 

authority to expand the critical minerals stockpile.104  

 

4.2 Advance Improved Mining Technologies  

 

To enhance the efficiency as well as public acceptance of mining operations at home and abroad, 

the United States needs new technologies which make these ventures cleaner, less disruptive, and 

more economically viable. Future mining sites will likely extract material of lesser quality, as most 

high-quality sites have already been exploited and friendshoring policies could make previously 

unattractive lower-quality deposits in allied and partner nations economically viable.105  

 

Objective: Develop and deploy improved mining technologies.  

 

Method: ARPA-E’s Mining Innovations for Negative Emissions Resources (MINER) program 

supports technologies that increase mineral yield while decreasing energy and tailing losses.106 

This program deserves continued support for the deployment of promising technologies. In 

addition, ARPA-E should consider expanding the range of supported mining technologies that 

would allow for less disruptive approaches for the surrounding environment and for workers, such 

as AI-enabled mining robots. DOE’s Loan Program Office should also increase its support of 

mining projects using advanced mining techniques and technologies.107 
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4.3  Use Public-Private Partnerships to Increase Domestic Processing Capacity and 

Technology 
 

Mineral processing is a critical step in the supply chain in which the valuable minerals are 

separated from the ore into a usable product.108 The PRC controls 60% to 100% of global mineral 

processing, depending on the mineral, while the United States controls less than two percent.109 

Increasing domestic processing capacity is necessary to create greater protection against 

geopolitical leverage. While DoD and DOE have begun to address this problem through grant and 

loan programs, deep public-private collaboration is needed to address this challenge over the 

long-term.110 

 

Objective: Increase domestic critical mineral processing capacity and technology. 

 

Method: DOE should create two new public-private partnerships. One should be led by the Office 

of Fossil Energy and should bring together downstream industries, such as battery makers, that 

need critical minerals into a cost-sharing agreement to build capital intensive processing 

facilities. The second should be led by the Critical Materials Innovation Hub at Ames National Lab 

to bring together processing companies to conduct collaborative technology and process 

research and testing.111 

 

4.4 Expand the Critical Mineral Supply to Include Alternative Sources 

 

The process of establishing new mines, spanning approximately 16 to 17 years from initial 

exploration to actual production, demands significant capital investment.112 To address escalating 

demand, it is crucial for the United States to explore alternative strategies to increase mining 

output and boost efficiencies. Among the most promising of these strategies are the substantial 

enhancement of recycling efforts and the extraction of critical minerals from residual mining 

tailings and byproducts.113 

 

Objective: Scale up the use of recycling and extraction from mining tailings and byproducts to 

help meet growing demand for critical minerals.114 

 

Method: Support for recent initiatives to boost recycling and extract critical minerals from 

unconventional sources like mining waste should continue and if proven initially successful, 

expanded.115 To build off these efforts, DOE’s Critical Minerals and Materials Crosscut Team, 

which coordinates the Critical Minerals Research, Development, Demonstration, and 

Commercialization Application (RDD&CA) Program, should look for additional opportunities to 

advance technologies in these areas.116  
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4.5 Build a Global Network for Critical Minerals Supply Chain  
 

Communities in critical mineral-rich parts of the world – especially in Africa, which holds about 

one-third of the world’s mineral resources – have long suffered from negative repercussions of 

mining operations, including water pollution, land degradation, dangerous working conditions, 

and displacement.117 The United States and its allies and partners should seek this opportunity to 

outcompete PRC investors globally by serving as cleaner and more responsible mining and 

processing partners.118  

 

Objective: Diversify the global critical minerals supply chain.119 Focus on establishing mining and 

processing capabilities in allied and partner nations as well as collaborating with them to 

outcompete PRC critical mineral investors in third countries. 

 

Method: To break the PRC’s dominance in mining around the world, the United States should take 

efforts to formalize the current ad-hoc practice of bidding coalitions. Currently, allies and 

partners are independently monitoring PRC acquisition attempts abroad, and trying to form 

transnational public-private coalitions to outbid PRC investors. This monitoring and coalition 

mechanism could become a part of the broader Minerals Security Partnership (MSP) effort.120  

 

4.6 Increase Production Capacity Energy Components121 
 

China is the leading manufacturer of clean energy technology components, which creates supply 

chain vulnerabilities beyond critical minerals.122 Building up domestic manufacturing capacity for 

components like solar panels, wind turbines, and large-capacity batteries is capital intensive. The 

U.S. government is starting to address this challenge through policy measures such as the 

Inflation Reduction Act’s 45X production tax credits and the DOE Loan Program Office’s Title 17 

Clean Energy Finance Program.123 More can be done to build off this progress. 

 

Objective: Increase capital available for manufacturing energy technologies.  

 

Method: SCSP has called for a standing techno-industrial financing mechanism to provide 

additional patient capital to scale manufacturing in critical sectors.124 Such a mechanism should 

prioritize support for scaling production capacity for energy components where the United States 

faces supply chain vulnerabilities. 
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The invention of new breakthrough energy technologies is not sufficient on its own for global 

leadership. Innovations must transition to commercialization at scale to realize the full economic, 

security, and foreign policy benefits. The United States needs to establish robust policy 

frameworks and financial mechanisms that not only facilitate the deployment of existing 

technologies but also pave the way for the swift introduction of more advanced and future-proof 

solutions. A critical step in this process involves overcoming two major obstacles for next-

generation technology commercialization: the bottlenecks caused by regulatory hurdles and the 

shortage of financial capital during certain phases of the development cycle.  

 

Geopolitical competitors, such as the PRC, have rapidly deployed energy technologies thanks in 

part to the country’s immense industrial base, but also due to lower environmental protection 

standards and labor safety practices. The United States should continue to lead efforts to curb 

the PRC’s malpractices that undercut global innovation, particularly as it pertains to the energy 

sector.125 At the same time, Washington should redouble efforts to address the systemic 

challenges that are holding innovators back from propelling the nation toward the next-

generation of energy technologies.  

 

5.1 Speed Up Regulatory Approvals and Permitting 
 

The United States needs to significantly expand its energy and infrastructure deployment, though 

such projects face long approval timelines and other bureaucratic hurdles which raise costs, 

stymie innovation, and ultimately can hold back economic growth. The U.S. government is 

already taking important actions to address these challenges and there are calls for further 

reforms from both parties with hope for bipartisan agreement.126 The 2023 Fiscal Responsibility 

Act and subsequent proposed rulemaking updated the National Energy Policy Act (NEPA) to 

shorten approval times and limit which kinds of projects require full environmental reviews.127 The 
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Federal Energy Regulatory Commission (FERC) approved a new rule in 2023 to make the grid 

connection process more efficient.128 Though there is more to be done in these areas, recent 

actions reflect significant progress. One important area that still requires attention however is 

judicial review reform.129  

 

Objective: Improve the judicial review process for energy and infrastructure projects while 

preserving the right of individuals and communities to prevent undue harm. 

 

Method: The United States should reform the judicial review process to accelerate energy and 

infrastructure project development. This could include a range of actions, such as reducing the 

statute of limitations and standing, establishing a technical court with jurisdiction over federal 

permitting decisions, and narrowing the scope of decisions.130  

 

5.2 Make More Deployment Finance Available 
 

As startups progress through the lifecycle of new energy technologies – from conceptualization 

to lab experimentation, from validation to large-scale demonstration, and finally to first-of-a-

kind or full-scale commercial implementation and deployment – they encounter a need for capital 

at every turn. The funding landscape is tenuous, with different investors offering varying levels 

of risk tolerance and capital availability. Although there’s a need for more investment at every 

stage to boost the pace of energy innovation, the most acute funding gap often takes place in the 

intermediate stages of development.131  

 

At the earlier stages, government grants and venture capital are often available to support new 

companies that need less capital but present high risks. Conversely, at the far end of the 

spectrum, where technologies are fully developed and carry lower risk, substantial funding is 

accessible from traditional financial institutions to facilitate widespread deployment.132 However, 

the transitional phase presents a significant challenge. In this middle ground, startups aiming to 

execute large and costly demonstration projects, which are still deemed risky, frequently 

encounter a scarcity of funding options, creating a critical bottleneck in the path to 

commercialization.133  

 

The landscape of energy financing is undergoing a dynamic shift, with innovative strategies 

emerging to channel additional funds into these critical investment gaps.134 A pivotal player in this 

evolving ecosystem is the DOE’s Loan Program Office (LPO), which stands out for its dedicated 

role in forging connections between emerging energy projects and private sector financing.135 

The conspicuous shortfall in mid-stage capital necessitates the role and mission of LPO, but 

furthermore, it is increasingly essential to establish frameworks that guide nascent companies 

through the increasingly complex layers of financing, ensuring they can secure the necessary 

capital to evolve and succeed.  
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Objective: Continue providing critical financing to companies trying to scale deployments 

through continued support to the LPO. 

Method: DOE should continue to prioritize its support of the LPO, ensuring necessary resourcing 

– including necessary administrative and staffing resources – and working with Congress as

needed to ensure the LPO’s three lending authorities do not expire.136 Finally, oversight of LPO’s

decisions is important to protect taxpayer interests, but overly critical oversight will slow our

national energy progress.137 The LPO’s mission is to take smart risks to advance the state of

energy technology, but the risks nonetheless will result in some failed projects. These should not

be unduly politicized or prevent the continuation of the mission.

Objective: Support companies deploying new energy technologies as they navigate the complex 

project capitalization process. 

Method: DOE should stand up a new public-private partnership to convene the many different 

types of energy project financers to provide growth stage companies education, technical 

assistance, and network access. This would create a central ecosystem to increase knowledge 

sharing and accelerate project development.138  

The structure of the U.S. power grid has mostly remained unchanged since the 19th century: a 

network where transmission lines link substations, drawing from fossil-fueled generators, to 

deliver electricity to residential and commercial end-users.139 The result of this is a highly 

distributed network of eleven thousand power plants, three thousand utilities, and more than two 

million miles of power lines—all built to serve a nation reliant on coal.140 However, today, initiatives 

like the Inflation Reduction Act and states’ clean energy goals, encourage the United States to 

move away from a heavy reliance on fossil fuels for power during a time when the nation’s need 

A C T I O N  P L A N  R E C O M M E N D A T I O N 6 / 6

Build: The Foundation for the Energy 

Transition: The Grid of the Future 

6.1 Modernize the Grid 
6.2 Build a More Connected and Expansive Grid 

6.3 Secure the Grid 
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for electricity is growing.141 New energy sources, revolutionary forms of storage, and novel 

approaches to electricity transmission are being developed and adopted to meet the rising supply 

and demand for energy—all of which will need to touch the grid in some way. The U.S. power grid 

is therefore the backbone of the energy transition, and thus, needs to be maintained, updated, 

adapted, and, most importantly, drastically expanded.142  

6.1  Modernize the Grid  

A modernized grid will optimize the use of existing infrastructure and allow the United States to 

take full advantage of nascent forms of energy generation and storage technologies.143 

Modernizing the grid by deploying various grid-enhancing technologies (GETs) is one key way to 

bolster the grid’s ability to bridge energy supply and demand.144 Even though these technologies 

exist today and can maximize energy transmission and even save costs for consumers, GETs are 

not implemented across the bulk power system since the economic incentives are not aligned for 

transmission owners to fully adopt them.145 Today's electricity markets and regulatory structures 

operate under a return-on-equity business model where consumers pay for the assets needed to 

build the grid, thus encouraging transmission owners to focus on new infrastructure buildout with 

an eye toward bigger returns on 

investment, rather than optimizing existing transmission lines.146 Therefore, changing the 

incentive structure for transmission owners to adopt GETs is necessary to help address the 

current and future complexity of the grid.147 

 

Objective: Expand the adoption of grid-enhancing technologies across the country's current and 

future transmission lines.  

 

Method: The Federal Energy Regulatory Commission (FERC) can incentivize transmission owners 

to adopt GETs by establishing performance-based incentives like a shared-saving mechanism 

(SSM). An SSM will allow transmission owners to gain a profit when the benefits of applying GETs 

greatly outweigh the costs.148 Additionally, FERC should explore requiring transmission owners to 

deploy GETs if transmission development studies and planning processes prove that GETs 

provide net cost-savings, which is in line with FERC’s Final Rule on Improvements to Generator 

Interconnection Procedures and Agreements.149 

 

6.2  Build a More Connected and Expansive Grid 

The United States needs to more than double its transmission capacity and increase power flow 

across the nation to meet the needs of the current and future energy transition.150 Today's grid 

consists of three sections or interconnections—the Western Interconnection, the Eastern 

Interconnection, and the Texas Interconnected System—largely managed by Regional 

Transmission Organizations (RTOs).151 However, these interconnections and their respective 

RTOs are physically and operationally separated, with little power flowing between the 
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interconnections and little collaboration occurring between RTOs.152 Connecting these three 

interconnections and increased coordination between the RTOs would be a critical step towards 

increasing the nation's transmission capacity, allowing, for example, solar power to move east to 

west at times when the sun is not shining.153 As the nation continues to electrify and transition to 

clean energy sources, increased transmission and coordination between the sections of the grid 

would create a more integrated, reliable, and efficient power system.154  

 
Graphic Source155 

 

Objective: Build more high-voltage direct current (HVDC) transmission lines between the 

Western Interconnection, Eastern Interconnection, and the Texas Interconnected System to 

eliminate the "seams" that currently prevent power from being shared across the nation.156  

Method: The Department of Energy (DOE) and the Federal Energy Regulatory Commission 

(FERC) should be the nation's "mission managers" for this project, using their existing and 

expanded authorities and working closely with RTOs and other regional, state, and local 

stakeholders to quickly build out these new transmission lines.157 First, FERC should use its 

congressionally-authorized backstop siting authority to name these cross-seam transmission 

lines as projects of national interest to expedite the regulatory processes related to transmission 
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expansion.158 Then, DOE should utilize its ability to become an "anchor tenant" and purchase fifty 

percent of the total capacity of the transmission lines to reduce risks for project developers by 

providing a guaranteed customer, allowing for the build-out of transmission lines.159 Lastly, 

Congress should double the budget of DOE’s Transmission Facilitation Program to expand the 

Department’s ability to provide capital for the project.160  

6.3  Secure the Grid 

The nation’s electrical grid is becoming more distributed and thus more susceptible to threats.161 

There are several points of vulnerability across the bulk power system, especially as more and 

more digital technologies are deployed to optimize grid operations.162 Foreign actors can exploit 

these links in critical infrastructure, as exemplified by the cyberattack on Ukraine's power system 

by Russian hackers or the infiltration of an oil and gas pipeline by a cyber group linked to China's 

People's Liberation Army.163 Therefore, increasing security measures across every point of the 

electrical grid, from energy generation to distribution, is key to the nation’s energy and national 

security.  

Objective: Ensure the entire grid is secure by design as it continues to expand, modernize, and 

digitize.164  

Method: The Department of Energy should work with the Department of Homeland Security, the 

Federal Energy Regulatory Commission (FERC), the North American Electric Reliability 

Corporation (NERC), the Electricity Information Sharing and Analysis Center (E-ISAC), and other 

regional, state, and local stakeholders to develop a comprehensive cybersecurity framework for 

the entirety of the electric power grid. This federal-level cybersecurity framework should have 

clear, measurable guidelines for every node of the energy system—including distribution utilities—

with corresponding enforcement policies and agencies.165 A more comprehensive cybersecurity 

strategy would help the energy sector secure critical nodes currently at risk and protect against 

future risk as the energy transition unfolds.  
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A P P E N D I X  

Additional Elements of Success 
 

Our future energy abundance will rely on a host of energy generation, storage, and transmission 

technologies. Detailed plans for the most promising technologies are outside the scope of this 

Action Plan. However, there are three important technology areas beyond the mature solar and 

wind sectors that 1) will almost certainly play increasingly larger roles in the future energy system, 

2) are continuous and therefore require less overhaul of the grid, unlike intermittent energy 

sources like wind and solar, and 3) are already experiencing significant progress through U.S. 

government and private sector efforts.  

 

These three energy technologies deserve acknowledgment here as part of the full story of U.S. 

leadership in energy. This section briefly summarizes the importance of each technology, current 

challenges in scaling these technologies, and key U.S. government efforts already underway. 

Sustaining the existing U.S. government initiatives and taking strong action in each of the enabling 

areas described above in the Action Plan will position the U.S. private sector to advance overall 

U.S. leadership.  

 

Nuclear Fission 

As it stands today, nuclear power produced solely through fission has supplied roughly a fifth of 

America’s power each year since 1990.166 Yet innovation in fission energy has been fraught with a 

mix of inertia and risk aversion. Uncertain and unpredictable customer pipelines, public distrust, 

and a challenging regulatory environment have stifled domestic deployment and scaling of 

advanced reactor technologies.167 Indeed, the United States has the largest fleet of nuclear fission 

reactors in the world, yet almost no new reactors have come online in the 21st century.168 Rather, 

over the past few decades, the United States has ceded its competitive advantage as a world 

leader in civilian fission energy to other countries like China and Russia.169 For example, the PRC 

has already built five small modular reactors (SMRs) – a promising next-generation advanced 

nuclear fission reactor design – while the United States has none.170 Yet U.S. policymakers and the 

public alike have begun to recognize the critical role of nuclear power in our energy future. 

Perhaps most notably, the United States joined 25 countries at the COP28 summit in a pledge to 

triple nuclear power generation by 2050. 171 172 173 

 

Doubling down on innovation in next-generation nuclear technologies is the most likely way to 

overcome the obstacles that have precluded wider adoption and construction of previous 

generations of fission technology. DOE’s Pathways to Commercial Liftoff report for Advanced 

Nuclear identifies five critical areas for improvement: workforce, fuel supply chain, component 

supply chain, licensing, and spent nuclear fuel disposal.174 DOE’s Advanced Reactor 
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Demonstration Program is helping drive promising breakthroughs in SMRs and other advanced 

reactor designs that could reduce the footprint and capital requirements for new reactor builds.175 

ARPA-E is exploring novel approaches for reducing, storing, and disposing of nuclear waste that 

could de-risk the fuel cycle.176 On the commercial side, there is a growing ecosystem of new 

entrants working on advanced reactors and enriched uranium.177 
 

Hydrogen 

Hydrogen is the most abundant element in the universe and holds tremendous potential to 

transform the global energy system given its applicability across a diverse range of applications, 

from industrial heat to heavy transportation to electricity generation.178 Hydrogen can be 

produced in a variety of methods, and then stored, transported, and burned, leaving water as its 

only byproduct.179 The hydrogen sector is rapidly evolving, with government incentives and 

regulations looking to boost production and demand, while companies test business models to 

achieve cost competitiveness at scale. Key technological challenges center on how to viably 

produce no- or low-carbon hydrogen at commercial scale, and on how to deliver it to end users.180 

Additional promising approaches for clean hydrogen include growing excitement around 

potentially unlimited subterranean hydrogen deposits that can be directly tapped into and 

replicating natural hydrogen-producing geologic processes by pumping water through iron-rich 

rock formations.181 

 

The U.S. government is already organizing to put tremendous resources into scaling the 

production and use of no- or low-carbon emission hydrogen. DOE published its Pathway to Clean 

Hydrogen Commercial Liftoff report in March 2023 that outlines the significant remaining 

challenges in this sector and lays out a plan to address them with a series of cross-cutting 

programs.182 As part of the effort, DOE is leading a bold and ambitious Hydrogen Earthshot with 

the goal of reducing the cost of clean hydrogen by 80% to $1 per one kilogram in one decade (“1 1 

1”).183 The DOE Regional Clean Hydrogen Hubs program, funded through the Bipartisan 

Infrastructure Law, is putting $7 billion towards the creation of networks of hydrogen producers, 

consumers, and connected infrastructure.184 The Treasury Department and IRS are finalizing 

guidance on the 45V Clean Hydrogen Production Tax Credit established in the IRA.185  

 

Geothermal Energy 

Geothermal energy harnesses the heat under the surface of the earth to produce electricity or 

heat for industrial purposes.186 Today, the use of geothermal energy is limited to areas where 

geothermal resources are close to the earth’s surface, such as parts of the western United States 

and Iceland.187 However, the potential exists to access geothermal energy anywhere in the world 

through new technologies. To achieve cost-competitive energy generation, companies have to 

overcome technological, engineering, and business model challenges. Some of the most notable 



N A T I O N A L  A C T I O N  P L A N  F O R  U . S .  L E A D E R S H I P  I N  N E X T - G E N E R A T I O N  E N E R G Y

37 

Endnotes 
1 Lucía Fernández, Primary Energy Consumption Worldwide in 2022, by Country, Statista (2023); Total 
Energy Production, Enerdata (2023). 

2 In the United States alone, petroleum, natural gas, and coal still accounted for 81% of primary energy 
production in 2022. See U.S. Energy Facts Explained, U.S. Energy Information Administration (last accessed 
2024). COP28 Agreement Signals “Beginning of the End” of Fossil Fuels, United Nations Framework 
Convention on Climate Change (2023).  

3 Annual Investment in Fossil Fuels and Clean Energy, International Energy Agency (last accessed 2024). 

4 Branko Terzic, Is Power Ever Too Cheap to Meter?, Atlantic Council (2018). 

5 Bonnie S. Glaser & Abigail Wulf, China’s Role in Critical Mineral Supply Chains, German Marshall Fund 
(2023). 

6 Sam Hawkins, Solar Exports from China Increase by a Third, Ember (2023); Yasuki Okamoto, Chinese 
Manufacturers Dominate Wind Power, Taking 60% of Global Market, Nikkei Asia (2023). 

7 Govind Bhutada, Batteries: Visualizing China’s Dominance in Battery Manufacturing (2022-2027P), Visual 
Capitalist (2023). 

8 James Dinneen, Why China’s Clean Energy Tech will Determine Our Climate, NewScientist (2023); David 
M. Hart, The Impact of China’s Production Surge on Innovation in the Global Solar Photovoltaics Industry,
Information Technology & Innovation Foundation (2020).

9 Lily Kuo, The Next Front in the Tech War with China: Graphite (And Clean Energy), The Washington Post 
(2023). 

10 Over approximately four decades, from 1981 to the present, China has produced numerous Five-Year 
Plans that involve key policies for energy. These publications steadily transitioned in scope from energy 
efficiency, to prioritizing energy efficiency coupled with growing energy security concerns, and, finally, to 
include topics about climate change. See Laëtitia Guilhot, An Analysis of China's Energy Policy from 1981 to 
2020: Transitioning Towards to a Diversified and Low-Carbon Energy System, Energy Policy (2022); James 
M. Turner, The U.S. Can Counter China’s Control of Minerals for the Energy Transition, The New York Times
(2023).

11 VW and Stellantis Show the Script Has Flipped With China’s Carmakers, Bloomberg News (2023). 

12 Cissy Zhou, CATL Says Ford Project on Track Despite New U.S. Battery Rules, Nikkei Asia (2023). A key 
metric for evaluating these cases is whether the agreements result in meaningful transfer of know-how and 
technology access to the United States that contribute to positive follow-on effects in that sector. 

13 For a more comprehensive breakdown of the U.S.-China energy technology landscape, see Olivia 
Armstrong, et al., Memo to the President on U.S. Leadership in Next-Generation Energy, Special 
Competitive Studies Project (2024). 

14 Bettering Human Lives LBRT ESG Report, Liberty Energy at 13 (2022). 

15 Joint Statement Following the Latest Meeting of the EU-US Task Force on Energy Security, European 
Commission (2023).  

16 Public Law 117-58, Infrastructure Investment and Job Act (2021); Public Law 117-169, Inflation Reduction 
Act of 2022 (2022). 

https://www.statista.com/aboutus/our-research-commitment
https://www.statista.com/aboutus/our-research-commitment
https://www.statista.com/statistics/237090/renewable-energy-consumption-of-the-top-15-countries/
https://www.statista.com/statistics/237090/renewable-energy-consumption-of-the-top-15-countries/
https://www.statista.com/statistics/237090/renewable-energy-consumption-of-the-top-15-countries/
https://yearbook.enerdata.net/total-energy/world-energy-production.html
https://yearbook.enerdata.net/total-energy/world-energy-production.html
https://www.eia.gov/energyexplained/us-energy-facts/
https://unfccc.int/news/cop28-agreement-signals-beginning-of-the-end-of-the-fossil-fuel-era
https://www.iea.org/data-and-statistics/charts/annual-investment-in-fossil-fuels-and-clean-energy-2015-2023
https://www.atlanticcouncil.org/blogs/energysource/is-power-ever-too-cheap-to-meter/
https://www.gmfus.org/news/chinas-role-critical-mineral-supply-chains
https://ember-climate.org/insights/research/china-solar-exports/
https://asia.nikkei.com/Business/Energy/Chinese-manufacturers-dominate-wind-power-taking-60-of-global-market#:~:text=Chinese%20manufacturers%20dominate%20wind%20power%2C%20taking%2060%25%20of%20global%20market,-China%20leads%20in&text=TOKYO%20%2D%2D%20China%20is%20emerging,installed%20capacity%20worldwide%20in%202022
https://asia.nikkei.com/Business/Energy/Chinese-manufacturers-dominate-wind-power-taking-60-of-global-market#:~:text=Chinese%20manufacturers%20dominate%20wind%20power%2C%20taking%2060%25%20of%20global%20market,-China%20leads%20in&text=TOKYO%20%2D%2D%20China%20is%20emerging,installed%20capacity%20worldwide%20in%202022
https://www.visualcapitalist.com/chinas-dominance-in-battery-manufacturing/
https://www.visualcapitalist.com/chinas-dominance-in-battery-manufacturing/
https://www.newscientist.com/article/2395586-why-chinas-clean-energy-tech-will-determine-our-climate-future/?utm_source=nshak&utm_medium=email&utm_campaign=nshak_241023&utm_term=Newsletter%20NSHAK_Fix%20the%20Planet
https://www.newscientist.com/article/2395586-why-chinas-clean-energy-tech-will-determine-our-climate-future/?utm_source=nshak&utm_medium=email&utm_campaign=nshak_241023&utm_term=Newsletter%20NSHAK_Fix%20the%20Planet
https://www.newscientist.com/article/2395586-why-chinas-clean-energy-tech-will-determine-our-climate-future/?utm_source=nshak&utm_medium=email&utm_campaign=nshak_241023&utm_term=Newsletter%20NSHAK_Fix%20the%20Planet
https://itif.org/publications/2020/10/05/impact-chinas-production-surge-innovation-global-solar-photovoltaics/
https://www.washingtonpost.com/world/2023/11/29/china-critical-minerals-graphite-trade-united-states/
https://www.sciencedirect.com/science/article/abs/pii/S0301421522000313#:~:text=Looking%20back%20at%20the%20last,2010)%3B%20the%20integration%20of
https://www.sciencedirect.com/science/article/abs/pii/S0301421522000313#:~:text=Looking%20back%20at%20the%20last,2010)%3B%20the%20integration%20of
https://www.sciencedirect.com/science/article/abs/pii/S0301421522000313#:~:text=Looking%20back%20at%20the%20last,2010)%3B%20the%20integration%20of
https://www.sciencedirect.com/science/article/abs/pii/S0301421522000313#:~:text=Looking%20back%20at%20the%20last,2010)%3B%20the%20integration%20of
https://www.nytimes.com/2023/11/06/opinion/electric-battery-energy-china.html
https://www.bloomberg.com/news/newsletters/2023-11-09/vw-stellantis-bet-on-china-to-revive-flagging-ev-fortunes
https://asia.nikkei.com/Business/Technology/CATL-says-Ford-project-on-track-despite-new-U.S.-battery-rules
https://libertyenergy.com/betteringhumanlivesv2/
https://ec.europa.eu/commission/presscorner/detail/en/statement_23_5470
https://www.congress.gov/117/plaws/publ58/PLAW-117publ58.pdf
https://www.congress.gov/117/plaws/publ169/PLAW-117publ169.pdf
https://www.congress.gov/117/plaws/publ169/PLAW-117publ169.pdf


N A T I O N A L  A C T I O N  P L A N  F O R  U . S .  L E A D E R S H I P  I N  N E X T - G E N E R A T I O N  E N E R G Y  
 

 38 

 
17 DOE Optimizes Structure to Implement $62 Billion in Clean Energy Investments From Bipartisan 
Infrastructure Law, U.S. Department of Energy (2022); Clean Energy Corps, U.S. Department of Energy 
(last accessed 2024).  

18 The Sophisticating Climate Capital Stack, CTVC (2023).  

19 Updated Strategic Energy Technology Plan for Europe's Clean, Secure and Competitive Energy Future, 
European Commission (2023; Gregoire Lory, Do Not Panic: The EU is Still Firmly in the Global Race for 
Green Tech Leadership, Says New Study, Euronews (2023); MEPs Back Plans to Boost Europe's Net-Zero 
Technology Production, European Parliament (2023); The Net-Zero Industry Act: Accelerating the 
Transition to Climate Neutrality, European Commission (last accessed 2024).  

20 Australia-United States Climate, Critical Minerals and Clean Energy Transformation Compact, Prime 
Minister of Australia (2023); $2 Billion Critical Minerals Boost Crucial to Energy Transition, Minister for 
Resources and Minister for Northern Australia (2023).   

21 Sung-Young Kim, et al., South Korea's Green New Deal Shows the World What a Smart Economic 
Recovery Looks Like, UNSW Sydney News Room (2020); Juhern Kim, Assessing South Korea’s Transition to 
Net Zero, Carnegie Endowment for International Peace (2023).  

22 Overview of Japan’s Green Transformation (GX), GR Japan (2023).  

23 United States and Japan Sign Critical Minerals Agreement, Office of the United States Trade 
Representative (2023). The United States and European Union are in talks to merge critical mineral efforts 
to address PRC dominance, see US and EU Want Greater Links to Loosen China’s Grip on Critical Minerals, 
Bloomberg News (2024). 

24 David L. Goldwyn & Andrea Clabough, A Year After the IRA, Industrial Policy Has Gone Global. Now 
What?, Atlantic Council (2023).  

25 Clarissa Garcia, Data Center Energy Use, AKCP (2023).  

26 The reason for this is the insatiable compute demand of neural networks; scaling up the compute network 
improves AI model results but also proportionally increases energy consumption. Estimates by industry 
experts indicate that the energy to train a transformer model, which was in the range of 27 kilowatt hours 
a couple of years ago, is now in the range of half a million kilowatt hours as companies compete to train 
ever larger AI models. See Chris Stokel-Walker, The Generative AI Race Has a Dirty Secret, Wired (2023); 
Brian Bailey, AI Power Consumption Exploding, Semiconductor Engineering (2022).  

27 Data Centres and Data Transmission Networks, International Energy Agency (last accessed 2024).  

28 Alex de Vries, The Growing Energy Footprint of Artificial Intelligence, Joule (2023).  

29 Olivier Cognet, Use Smart Digital Solutions forecasting Tools to Manage Power Grids, Schneider Electric 
Blog (2020); Vida Rozite, et al., Why AI and Energy Are the New Power Couple, International Energy Agency 
(2023); Ken Silverstein, How Will Artificial Intelligence Fit Into The Energy Sector?, Forbes (2023); Heather 
Clancy, AI Could be the Recipe for Faster, Less-Destructive Minerals Mining, GreenBiz (2023);  

Singapore's Atomionics Taps Gravity, AI in Hunt for Critical Minerals, Reuters (2023).  

30 SCSP has called for a moonshot to improve compute energy efficiency by 1,000,000x by 2040, see 
Brady Helwig et al., National Action Plan for U.S. Advantage in Advanced Compute & Microelectronics, The 
Special Competitive Studies Project at 17 (2023). The Top500 ranking of the world’s fastest 
supercomputers was expanded a few years ago to include the ‘Green500’ - a ranking of energy efficiency 
of the top supercomputers, underscoring the rising importance of energy consumption as a key 
performance metric in the computing industry. See Green500, TOP500 (last accessed 2024).  

31 Robin Gaster, et al., Beyond Force: A Realist Pathway Through the Green Transition, Information 
Technology & Innovation Foundation (2023).  

https://www.energy.gov/articles/doe-optimizes-structure-implement-62-billion-clean-energy-investments-bipartisan
https://www.energy.gov/articles/doe-optimizes-structure-implement-62-billion-clean-energy-investments-bipartisan
https://www.energy.gov/CleanEnergyCorps
https://www.ctvc.co/the-sophisticating-climate-capital-stack/
https://ec.europa.eu/commission/presscorner/detail/en/ip_23_5146
https://www.euronews.com/my-europe/2023/09/06/do-not-panic-the-eu-is-still-firmly-in-the-global-race-for-green-tech-leadership-says-new-
https://www.euronews.com/my-europe/2023/09/06/do-not-panic-the-eu-is-still-firmly-in-the-global-race-for-green-tech-leadership-says-new-
https://www.europarl.europa.eu/news/en/press-room/20231117IPR12205/meps-back-plans-to-boost-europe-s-net-zero-technology-production
https://www.europarl.europa.eu/news/en/press-room/20231117IPR12205/meps-back-plans-to-boost-europe-s-net-zero-technology-production
https://single-market-economy.ec.europa.eu/industry/sustainability/net-zero-industry-act_en
https://single-market-economy.ec.europa.eu/industry/sustainability/net-zero-industry-act_en
https://www.pm.gov.au/media/australia-united-states-climate-critical-minerals-and-clean-energy-transformation-compact
https://www.minister.industry.gov.au/ministers/king/media-releases/2-billion-critical-minerals-boost-crucial-energy-transition
https://newsroom.unsw.edu.au/news/business-law/south-koreas-green-new-deal-shows-world-what-smart-economic-recovery-looks
https://newsroom.unsw.edu.au/news/business-law/south-koreas-green-new-deal-shows-world-what-smart-economic-recovery-looks
https://carnegieendowment.org/2022/11/22/assessing-south-korea-s-transition-to-net-zero-pub-88426
https://carnegieendowment.org/2022/11/22/assessing-south-korea-s-transition-to-net-zero-pub-88426
https://grjapan.com/sites/default/files/content/articles/files/gr_japan_overview_of_gx_plans_january_2023.pdf
https://ustr.gov/about-us/policy-offices/press-office/press-releases/2023/march/united-states-and-japan-sign-critical-minerals-agreement
https://www.bloomberg.com/news/newsletters/2024-02-12/supply-chain-latest-us-and-eu-efforts-on-critical-minerals
https://www.atlanticcouncil.org/blogs/energysource/a-year-after-the-ira-industrial-policy-has-gone-global/
https://www.atlanticcouncil.org/blogs/energysource/a-year-after-the-ira-industrial-policy-has-gone-global/
https://www.akcp.com/blog/the-real-amount-of-energy-a-data-center-use/
https://www.wired.com/story/the-generative-ai-search-race-has-a-dirty-secret/?utm_source=pocket_saves
https://semiengineering.com/ai-power-consumption-exploding/
https://semiengineering.com/ai-power-consumption-exploding/
https://www.iea.org/energy-system/buildings/data-centres-and-data-transmission-networks
https://www.cell.com/joule/fulltext/S2542-4351(23)00365-3
https://blog.se.com/energy-management-energy-efficiency/2020/07/15/use-smart-digital-solutions-forecasting-tools-manage-power-grids/
https://www.iea.org/commentaries/why-ai-and-energy-are-the-new-power-couple
https://www.forbes.com/sites/kensilverstein/2023/06/07/how-will-artificial-intelligence-fit-into-the-energy-sector/?sh=57235d4623cc
https://www.greenbiz.com/article/ai-could-be-recipe-faster-less-destructive-minerals-mining
https://www.reuters.com/technology/singapores-atomionics-taps-gravity-ai-hunt-critical-minerals-2023-12-19/
https://www.scsp.ai/wp-content/uploads/2023/11/National-Action-Plan-for-U.S.-Advantage-in-Advanced-Compute-and-Microelectronics.pdf
https://www.top500.org/lists/green500/
https://itif.org/publications/2023/07/10/beyond-force-a-realist-pathway-through-the-green-transition/


N A T I O N A L  A C T I O N  P L A N  F O R  U . S .  L E A D E R S H I P  I N  N E X T - G E N E R A T I O N  E N E R G Y  
 

 39 

 
32 The U.S. innovation ecosystem is already mobilizing to scale clean energy capacity. Historic industrial 
policy legislation is putting billions of dollars into targeted clean energy projects and supercharging private 
sector investments. The Department of Energy (DOE) greatly increased its commitment to energy 
demonstration and deployment to complement its long-established research and development expertise. 
Countries are working together to find alternative supply chains to reduce dependencies on China. These 
efforts need time for the outcomes to take hold.  

33 For more on the positioning school logic that drives this thesis, see Harnessing the New Geometry of 
Innovation, Special Competitive Studies Project at 30 (2022). 

34 We delve into the importance of power transmission and distribution in Section 6 of this action plan. 

35 Cody Retherford, The Promise of Space-Based Solar Power, American Foreign Policy Council (2022). 

36 Cody Retherford, The Promise of Space-Based Solar Power, American Foreign Policy Council (2022). 

37 Nikolai Joseph, et al., Methodology Report of Cost Benefit Analysis of Space Based Solar, National 
Aeronautics and Space Administration (2022).  

38 Erik Kulu, Space Solar Power - 2023 Survey of Public and Private Initiatives, IAF (2023); Nikolai Joseph, et 
al., Methodology Report of Cost Benefit Analysis of Space Based Solar Power, National Aeronautics and 
Space Administration (2022).  

39 Xinbin Hou, Development Status of SPS in China, China Academy of Space Technology at 14-15 (2022). 

40 Cody Retherford, The Promise of Space-Based Solar Power, American Foreign Policy Council (2022). 

41 Some of the important U.S. efforts include AFRL’s SSPIDR program, DARPA’s POWER program, 
CalTech’s recent demonstration, and a startup called Virtus Solis. See Erik Kulu, Space Solar Power - 2023 
Survey of Public and Private Initiatives, IAF at 22-24 (2023).  

42 Catherine G. Manning, GPS, National Aeronautics and Space Administration (2023); International Space 
Station, National Aeronautics and Space Administration (last accessed 2024); COMSAT Corporation 
Collection, Johns Hopkins Libraries (last accessed 2024); Commercial Orbital Transportation Services: A 
New Eria in Spaceflight, National Aeronautics and Space Administration (2014); DOE Annouces $46 Million 
for Commercial Fusion Energy Development, U.S. Department of Energy (2023). 

43 Milestones Around the World, ITER (last accessed 2024).  

44 Kenneth Chang, Nuclear Fusion Breakthrough Gets a Bigger Burst of Laser Energy, New York Times 
(2023). 

45 Several technological approaches are being pursued to sustain a relevant plasma energy breakeven point 
in which the energy output of a fusion reaction exceeds its input (Q > 1) for a certain amount of time, 
demonstrating the commercial viability of the energy source. Approaches range from the mainstream 
(magnetic, inertial, and magneto inertial confinement) to the unconventional (muon-catalyzed fusion). See 
The Global Fusion Industry in 2022, Fusion Industry Association (2022); 60 Years of Progress, ITER (last 
accessed 2024). See also The Global Fusion Industry in 2023, Fusion Industry Association (2023). 

46 On commercial timelines, see The Global Fusion Industry in 2023, Fusion Industry Association (2023).). For 
a U.S. Government timeline, see Jean Paul Allain, Building Bridges: A Bold Vision for the DOE Fusion Energy 
Sciences, Office of Fusion Energy Science at 11 (2023). 

47 The United Kingdom, for example, has made fusion a central tenet of its Ten Point Plan for a Green 
Industrial Revolution, selected the location for a national pilot plant, and attracted foreign fusion companies 
through a favorable regulatory environment. See Ten Point Plan for a Green Industrial Revolution, UK 
Government at 26 (2020); Site of UK’s First Fusion Energy Plant Selected, UK Government (2022); Jonathan 
Tirone, Bezos-Backed Fusion Startup Picks U.K. to Build First Plant, Bloomberg (2021). China also has plans 
for a fusion pilot plant and is replicating U.S. companies’ technological approaches. The PRC called for 

https://www.scsp.ai/wp-content/uploads/2023/01/Platforms-Panel-IPR.pdf
https://www.scsp.ai/wp-content/uploads/2023/01/Platforms-Panel-IPR.pdf
https://www.afpc.org/uploads/documents/Space_Policy_Review_-_issue_1_-_9.21.2022.pdf
https://www.afpc.org/uploads/documents/Space_Policy_Review_-_issue_1_-_9.21.2022.pdf
https://www.factoriesinspace.com/graphs/Space-Solar-Power-2023_Erik-Kulu_IAC2023.pdf
https://www.spacedevelopmentfoundation.org/wordpress/wp-content/uploads/2022/06/Hou-Xinbin-ISDC2022-Development-Status-of-SPS-in-China-v1.pdf
https://www.afpc.org/uploads/documents/Space_Policy_Review_-_issue_1_-_9.21.2022.pdf
https://www.factoriesinspace.com/graphs/Space-Solar-Power-2023_Erik-Kulu_IAC2023.pdf
https://www.factoriesinspace.com/graphs/Space-Solar-Power-2023_Erik-Kulu_IAC2023.pdf
https://www.nasa.gov/directorates/somd/space-communications-navigation-program/gps/#:~:text=The%20Global%20Positioning%20System%20(GPS,%2C%20worldwide%20and%2024%2F7.
https://www.nasa.gov/international-space-station/
https://www.nasa.gov/international-space-station/
https://archivesspace.library.jhu.edu/repositories/3/resources/454
https://archivesspace.library.jhu.edu/repositories/3/resources/454
https://www.nasa.gov/wp-content/uploads/2016/08/sp-2014-617.pdf
https://www.nasa.gov/wp-content/uploads/2016/08/sp-2014-617.pdf
https://www.energy.gov/articles/doe-announces-46-million-commercial-fusion-energy-development
https://www.energy.gov/articles/doe-announces-46-million-commercial-fusion-energy-development
https://www.iter.org/sci/BeyondITER
https://www.nytimes.com/2023/09/25/science/nuclear-laser-fusion-nif.html
https://202e0f23-02b6-4124-8ddc-80f6b1109b43.usrfiles.com/ugd/202e0f_4c69219a702646929d8d45ee358d9780.pdf
https://www.iter.org/sci/BeyondITER
https://www.fusionindustryassociation.org/wp-content/uploads/2023/07/FIA%E2%80%932023-FINAL.pdf
https://www.fusionindustryassociation.org/wp-content/uploads/2023/07/FIA%E2%80%932023-FINAL-1.pdf
https://science.osti.gov/fes/fesac/-/media/A1833DD22A5D469480912CA6BD8DCB81.ashx
https://science.osti.gov/fes/fesac/-/media/A1833DD22A5D469480912CA6BD8DCB81.ashx
https://www.gov.uk/government/publications/the-ten-point-plan-for-a-green-industrial-revolution
https://www.gov.uk/government/news/site-of-uks-first-fusion-energy-plant-selected?utm_medium=email&utm_source=FYI&dm_i=1ZJN,81S9G,7WL4L1,WXQQM,1
https://www.bloomberg.com/news/articles/2021-06-16/bezos-backed-fusion-startup-picks-u-k-to-build-first-plant


N A T I O N A L  A C T I O N  P L A N  F O R  U . S .  L E A D E R S H I P  I N  N E X T - G E N E R A T I O N  E N E R G Y  
 

 40 

 
"comprehensive research facilities for critical systems of fusion reactors" in its 14th Five Year Plan. See 
CSET Original Translation: China's 14th Five-Year Plan, Center for Security and Emerging Technology at 
14 (2021). PRC efforts underway to pursue fusion include a startup called Energy Singularity that has raised 
an estimated $59 million, and a government backed research effort called the Experimental Advanced 
Superconducting Tokamak. The ENN Fusion Technology R&D Center claims to be one of seven companies 
with over $200 million in funding. See Energy Singularity - Funding, Financials, Valuation & Investors, 
Crunchbase (last accessed 2023); The Global Fusion Industry in 2022, Fusion Industry Association (2022). 
Another PRC-backed initiative is the Experimental Advanced Superconducting Tokamak (EAST) plant. See 
Ben Turner, China's $1 Trillion 'Artificial Sun' Fusion Reactor Just Got Five Times Hotter Than the Sun, Live 
Science (2022). On China’s plans for a fusion pilot plant, See Federal Pivot to Supporting Commercial Fusion 
Energy Underway, American Institute of Physics (2022).  

48 The Special Competitive Studies Project is standing up a Commission on the Scaling of Nuclear Fusion with 
the goal of preparing the nation for scaling the technology. See also Appendix D: From the Lab to the Grid: 
An Action Plan for U.S. Advantage in Fusion Energy, Special Competitive Studies Project (2022). 

49Pub. L. 116-260 Consolidated Appropriations Act, 2021 (2021); Pub. L. 117-167 Chips and Science Act 
(2022). 

50 Don Lonczak et al., Treasury Department and IRS Issue Proposed Regulations on the Advanced 
Manufacturing Production Credit under Section 45X of the Internal Revenue Code, Pillsbury (2023)  

51 Fusion Energy Sciences, Office of Science (2023). 

52 Kingsmill Bond, et al., X-change Electricity: On Track for Net Zero, RMI at 3 (2023). 

53 Grace Donnelly, The Long and the Short of Energy Storage Tech, CTVC (2023).  

54 Grace Donnelly, The Long and the Short of Energy Storage Tech, CTVC (2023).  

55 Net-Zero Power: Long Duration Energy Storage for a Renewable Grid, MicKinsey & Company (2021); 
Isabelle Chan & Nicholas Montoni, Long Duration Energy Storage Policies to Help America Lead, Third Way 
(2023).  

56 Long Duration Storage Shot, U.S. Department of Energy (last accessed 2024).  

57 The Pathway to Long Duration Energy Storage Commercial Liftoff, U.S. Department of Energy (last 
accessed 2024).  

58Tim McDonnell, The Energy Transition has a Labor Problem, Semafor (2023); Dieter Holger, America’s 
Green Skills Gap Raises Concerns about Energy Transition, Wall Street Journal (2023); Paul Daume, et al., 
Renewable-Energy Development in a Net-Zero World: Overcoming Talent Gaps, McKinsey & Company 
(2022).  

59 Clean Energy Corps, U.S. Department of Energy (last accessed 2024); Maxine Joselow, Energy 
Department to Announce Clean Energy Corps, Hire 1,000 Staffers to Work on Climate Change, 
Washington Post (2022); Zoë Bruns, State of the Federal Clean Energy Workforce, Federation of American 
Scientists (2023).  

60 Congress should extend DOE’s DHA beyond 2027. Zoë Bruns, State of the Federal Clean Energy 
Workforce, Federation of American Scientists (2023). Direct Hire Authority is currently limited to certain 
offices and capped at 300 positions. 

61 Zoë Bruns, State of the Federal Clean Energy Workforce, Federation of American Scientists (2023).  

62 Biden-Harris Administration Roadmap to Support Good Jobs, The White House (2023).  

https://cset.georgetown.edu/publication/china-14th-five-year-plan/
https://www.crunchbase.com/organization/energy-singularity/company_financials
https://202e0f23-02b6-4124-8ddc-80f6b1109b43.usrfiles.com/ugd/202e0f_4c69219a702646929d8d45ee358d9780.pdf
https://www.livescience.com/chinas-1-trillion-artificial-sun-fusion-reactor-just-got-five-times-hotter-than-the-sun
https://ww2.aip.org/fyi/2022/federal-pivot-supporting-commercial-fusion-energy-underway?utm_medium=email&utm_source=FYI&dm_i=1ZJN,81S9G,7WL4L1,WXQQA,1
https://ww2.aip.org/fyi/2022/federal-pivot-supporting-commercial-fusion-energy-underway?utm_medium=email&utm_source=FYI&dm_i=1ZJN,81S9G,7WL4L1,WXQQA,1
https://www.scsp.ai/wp-content/uploads/2023/02/Appendix-D.docx.pdf
https://www.scsp.ai/wp-content/uploads/2023/02/Appendix-D.docx.pdf
https://www.congress.gov/bill/116th-congress/house-bill/133/text?s=4&r=1&q=%7B%22search%22%3A%22Consolidated+Appropriations+2021%22%7D
https://www.congress.gov/117/bills/hr4346/BILLS-117hr4346enr.pdf
https://www.pillsburylaw.com/en/news-and-insights/advanced-manufacturing-production-credit-regulations.html
https://www.pillsburylaw.com/en/news-and-insights/advanced-manufacturing-production-credit-regulations.html
https://science.osti.gov/-/media/budget/pdf/sc-budget-request-to-congress/2024/FY_2024_FES-Narrative.pdf
https://rmi.org/wp-content/uploads/dlm_uploads/2023/07/rmi_x_change_electricity_2023.pdf
https://www.ctvc.co/ldes-long-duration-energy-storage-tech/
https://www.ctvc.co/ldes-long-duration-energy-storage-tech/
https://www.ldescouncil.com/assets/pdf/LDES-brochure-F3-HighRes.pdf
https://www.thirdway.org/memo/long-duration-energy-storage-policies-to-help-america-lead
https://www.energy.gov/eere/long-duration-storage-shot
https://liftoff.energy.gov/long-duration-energy-storage/
https://www.semafor.com/article/06/16/2023/how-many-jobs-are-needed-for-the-energy-transition
https://www.wsj.com/articles/americas-green-skills-gap-raises-concerns-about-energy-transition-90095ab0
https://www.wsj.com/articles/americas-green-skills-gap-raises-concerns-about-energy-transition-90095ab0
https://www.mckinsey.com/industries/electric-power-and-natural-gas/our-insights/renewable-energy-development-in-a-net-zero-world-overcoming-talent-gaps
https://www.energy.gov/CleanEnergyCorps
https://www.washingtonpost.com/politics/2022/01/13/energy-department-announce-clean-energy-corps-hire-1000-staffers-work-climate-change/
https://www.washingtonpost.com/politics/2022/01/13/energy-department-announce-clean-energy-corps-hire-1000-staffers-work-climate-change/
https://fas.org/publication/state-of-the-federal-clean-energy-workforce/
https://fas.org/publication/state-of-the-federal-clean-energy-workforce/
https://fas.org/publication/state-of-the-federal-clean-energy-workforce/
https://fas.org/publication/state-of-the-federal-clean-energy-workforce/
https://www.whitehouse.gov/briefing-room/statements-releases/2023/05/16/biden-harris-administration-roadmap-to-support-good-jobs/


N A T I O N A L  A C T I O N  P L A N  F O R  U . S .  L E A D E R S H I P  I N  N E X T - G E N E R A T I O N  E N E R G Y  
 

 41 

 
63 Elizabeth Vanca & Jay Sullivan, Building the Talent Pipeline tor the Energy Transition: Aligning U.S. 
Workforce Investment for Energy Security and Supply Chain Resilience, Federation of American Scientists 
(2023).  

64 In the last academic year, 600 students enrolled in Mining Engineering programs at U.S. universities. In 
the same time period, 1.4 million students enrolled in such programs in the PRC. Students enrolled in 
advanced metallurgy and mining engineering in the United States are often from abroad, and are 
incentivized to return to their home countries upon completion of their degree. The State of Critical Minerals 
Report, The Payne Institute for Public Policy at 6 (2023).  

65 GAO-22-104824, Critical Minerals: Building on Federal Efforts to Advance Recovery and Substitution 
could help Address Supply Risks, U.S. Government Accountability Office at 15 (2022).  

66 John Jacobs & Danny Broberg, Deploying a Domestic Mining Workforce with the CHIPS and Science Act, 
Bipartisan Policy Center (2022).  

67 While the CHIPS and Science Act created a grant program for mining research and development, 
additional programs created by public, private, and/or a combination of the two could further this 
important work. One example of a way to increase grant programs in the public sector is the proposed 
Mining Schools Act of 2023, see S.912, Mining Schools Act of 2023 (2023).  

68 Building a Clean Energy Economy: A Guidebook to the Inflation Reduction Act’s Investments in Clean 
Energy and Climate Action, The White House (2023); A Guidebook to the Bipartisan Infrastructure Law for 
State, Local, Tribal, and Territorial Governments, and Other Partners, The White House (2022); FACT 
SHEET: CHIPS and Science Act Will Lower Costs, Create Jobs, Strengthen Supply Chains, and Counter 
China, The White House (2022); A 2030 United States Macro Grid: Unlocking Geographical Diversity to 
Accomplish Clean Energy Goals, Breakthrough Energy (2021).  

69 DOE’s Mission Statement states that “[t]he mission of the Energy Department is to ensure America’s 
security and prosperity by addressing its energy, environmental and nuclear challenges through 
transformative science and technology solutions.” See About Us, Department of Energy (last accessed 
2024).  

70 Building a Clean Energy Economy: A Guidebook to the Inflation Reduction Act’s Investments in Clean 
Energy and Climate Action, The White House (2023); A Guidebook to the Bipartisan Infrastructure Law for 
State, Local, Tribal, and Territorial Governments, and Other Partners, The White House (2022); FACT 
SHEET: CHIPS and Science Act Will Lower Costs, Create Jobs, Strengthen Supply Chains, and Counter 
China, The White House (2022).  

71 Federal investments in basic research are declining and continue to dwindle as authorized funding for key 
R&D agencies, including DOE's Office of Science, under the CHIPS and Science Act is not fully appropriated. 
Congress has yet to fully authorize and appropriate the funding requested by the Department for Basic 
Energy Sciences. See CHIPS and Science Funding Update: FY 2024 Research Appropriations Short by Over 
$7 Billion, Federation of American Scientists (2023); REPORT: Energy and Water Development and Related 
Agencies Appropriations Bill, 2024, U.S. House of Representatives (2023); FY2024 DOE Office of Science, 
American Institute of Physics (last accessed 2024). 

72 The Department of Energy’s budget request for Fiscal Year 2024 increases funding for Basic Energy 
Sciences by 6.3% from Fiscal Year 2023 enacted funding. See FY 2024 Congressional Request, U.S. 
Department of Energy (2023).  

73 Multi-Year Program Plan, Office of Clean Energy Demonstrations, U.S. Department of Energy (2023); 
Natalie Tham, A Modern Framework for Energy Technology Maturity: Four Key Points, Bipartisan Policy 
Center (2023). 
74 2016 Summary Report: DOE R&D Crosscuts, U.S. Department of Energy (2017). 

https://fas.org/publication/talent-pipeline-for-the-clean-energy-transition/
https://fas.org/publication/talent-pipeline-for-the-clean-energy-transition/
https://fas.org/publication/talent-pipeline-for-the-clean-energy-transition/
https://fas.org/publication/talent-pipeline-for-the-clean-energy-transition/
https://payneinstitute.mines.edu/the-state-of-critical-minerals-report-2023/
https://payneinstitute.mines.edu/the-state-of-critical-minerals-report-2023/
https://www.gao.gov/assets/gao-22-104824.pdf
https://www.gao.gov/assets/gao-22-104824.pdf
https://bipartisanpolicy.org/blog/domestic-mining-workforce-chips-science-act/
https://www.congress.gov/bill/118th-congress/senate-bill/912#:~:text=This%20bill%20requires%20the%20Department,future%20energy%20and%20mineral%20needs.
https://www.whitehouse.gov/wp-content/uploads/2022/12/Inflation-Reduction-Act-Guidebook.pdf
https://www.whitehouse.gov/wp-content/uploads/2022/12/Inflation-Reduction-Act-Guidebook.pdf
https://www.whitehouse.gov/wp-content/uploads/2022/05/BUILDING-A-BETTER-AMERICA-V2.pdf
https://www.whitehouse.gov/wp-content/uploads/2022/05/BUILDING-A-BETTER-AMERICA-V2.pdf
https://www.whitehouse.gov/briefing-room/statements-releases/2022/08/09/fact-sheet-chips-and-science-act-will-lower-costs-create-jobs-strengthen-supply-chains-and-counter-china/
https://www.whitehouse.gov/briefing-room/statements-releases/2022/08/09/fact-sheet-chips-and-science-act-will-lower-costs-create-jobs-strengthen-supply-chains-and-counter-china/
https://www.whitehouse.gov/briefing-room/statements-releases/2022/08/09/fact-sheet-chips-and-science-act-will-lower-costs-create-jobs-strengthen-supply-chains-and-counter-china/
https://bescdn.breakthroughenergy.org/publications/MacroGridReport.pdf
https://bescdn.breakthroughenergy.org/publications/MacroGridReport.pdf
https://www.energy.gov/about-us
https://www.whitehouse.gov/wp-content/uploads/2022/12/Inflation-Reduction-Act-Guidebook.pdf
https://www.whitehouse.gov/wp-content/uploads/2022/12/Inflation-Reduction-Act-Guidebook.pdf
https://www.whitehouse.gov/wp-content/uploads/2022/05/BUILDING-A-BETTER-AMERICA-V2.pdf
https://www.whitehouse.gov/wp-content/uploads/2022/05/BUILDING-A-BETTER-AMERICA-V2.pdf
https://www.whitehouse.gov/briefing-room/statements-releases/2022/08/09/fact-sheet-chips-and-science-act-will-lower-costs-create-jobs-strengthen-supply-chains-and-counter-china/
https://www.whitehouse.gov/briefing-room/statements-releases/2022/08/09/fact-sheet-chips-and-science-act-will-lower-costs-create-jobs-strengthen-supply-chains-and-counter-china/
https://www.whitehouse.gov/briefing-room/statements-releases/2022/08/09/fact-sheet-chips-and-science-act-will-lower-costs-create-jobs-strengthen-supply-chains-and-counter-china/
https://fas.org/wp-content/uploads/2023/10/FAS-FY-2024-CHIPS-and-Science-Approps-Update-October-2023.pdf
https://fas.org/wp-content/uploads/2023/10/FAS-FY-2024-CHIPS-and-Science-Approps-Update-October-2023.pdf
https://docs.house.gov/meetings/AP/AP00/20230622/116151/HMKP-118-AP00-20230622-SD003.pdf
https://docs.house.gov/meetings/AP/AP00/20230622/116151/HMKP-118-AP00-20230622-SD003.pdf
https://ww2.aip.org/fyi/fy2024-doe-office-of-science
https://www.energy.gov/sites/default/files/2023-03/FY2024-PresidentsRequest-Final-1.pdf
https://bipartisanpolicy.org/blog/a-modern-framework-for-energy-technology-maturity-four-key-risks/
https://www.energy.gov/articles/2016-summary-report-doe-rd-crosscuts


N A T I O N A L  A C T I O N  P L A N  F O R  U . S .  L E A D E R S H I P  I N  N E X T - G E N E R A T I O N  E N E R G Y  
 

 42 

 
75 Jorge Guzman, et al., Accelerating Innovation Ecosystems: The Promise and Challenges of Regional 
Innovation Engines, National Bureau of Economic Research (2023).  

76 Fact Sheet: Phase 1 Portfolio, U.S. Economic Development Administration (2023); Regional Innovation 
Engines, National Science Foundation (last accessed 2024). 

77 Hubs, U.S. Department of Energy (last accessed 2024); Regional Clean Hydrogen Hubs Update, U.S. 
Department of Energy (last accessed 2024).  

78 The Special Representative for City and State Diplomacy, U.S. Department of State (last accessed 2024).  

79 Selected Regional Clean Hydrogen Hubs, U.S. Department of Energy (2023); Fact Sheet: Phase 1 
Portfolio, U.S. Economic Development Administration (2023); NSF Engines Development Awards, 
National Science Foundation (last accessed 2024); Hubs, U.S. Department of Energy (last accessed 2024). 

80 Innovation Power for the Generative AI Flywheel, Special Competitive Studies Project (2023); Eric 
Schmidt, Innovation Power: Why Technology Will Define the Future of Geopolitics, Foreign Affairs (2023). 

81 Innovation Power for the Generative AI Flywheel, Special Competitive Studies Project (2023); Eric 
Schmidt, This is How AI Will Transform the Way Science Gets Done, MIT Technology Review (2023). 

82 Amit Katwala, DeepMind has Trained an AI to Control Nuclear Fusion, Wired (2022); Jonas Degrave, et 
al., Magnetic Control of Tokamak Plasmas Through Deep Reinforcement Learning, Nature (2022); Casey 
Crownhart, How AI Could Supercharge Battery Research, MIT Technology Review (2023); Building Novel 
Solutions for Clean Air, Water and Energy with AI, Orbital Materials (last accessed 2024). 

83 Energy Earthshots Initiative, Department of Energy (last accessed 2024). 

84 For more information about an S&T Discovery Platform, see Innovation Power for the Generative AI 
Flywheel, Special Competitive Studies Project (2023). 

85 EO 14110, Safe, Secure, and Trustworthy Development and Use of Artificial Intelligence, The White House 
(2023); Innovation Power for the Generative AI Flywheel, Special Competitive Studies Project, (2023); DOE 
Launches New Office to Coordinate Critical and Emerging Technology, U.S. Department of Energy (2023). 

86 DOE’s Office of International Affairs leads high-level dialogues, see About Us, Office of International 
Affairs, U.S. Department of Energy (last accessed 2024); and DOE actively participates in forums such as 
the Mission Innovation 2.0 program, see Overview, Mission Innovation (last accessed 2024).  

87 Efforts like the Trillion Parameters Consortium, a lab-led international cooperation to advance AI for 
science, could serve as a blueprint and starting point for further programs in energy innovation, see New 
International Consortium Formed to Create Trustworthy and Reliable Generative AI models for Science, 
Argonne National Laboratory (2023).  

88 America’s Strategy to Secure the Supply Chain for a Robust Clean Energy Transition, U.S. Department 
of Energy at 2 (2022).  

89 The PRC is responsible for 60% of global rare earth production and 85% of rare earth processing capacity 
see Xianbin Yao, China Is Moving Rapidly Up the Rare Earth Value Chain, Brink News (2022). The PRC is 
responsible for 77% of global battery production, see Govind Bhutada, Visualizing China’s Dominance in 
Battery Manufacturing (2022-2027P), Visual Capitalist (2023). The PRC exceeds 80% share of all the 
manufacturing stages of solar panels, see Executive Summary: Solar PV Global Supply Chains, International 
Energy Agency (2022); The PRC has 60-80% global capacity of wind energy components, see Wind, 
International Energy Agency (last accessed 2024).  

90 In 2022, DOE restructured its offices and created both a new Undersecretary for Infrastructure and an 
Office of Manufacturing and Energy Supply Chains, see Jeremy Dillon, DOE Overhauls Infrastructure 
Leadership, E&E News (2022). DOE released “America’s Strategy to Secure the Supply Chain for a Robust 
Clean Energy Transition” that categorized existing efforts and offered additional ways forward, see 

https://www.nber.org/papers/w31541
https://www.nber.org/papers/w31541
https://www.eda.gov/sites/default/files/2023-10/EDA_TECH_HUBS_Phase_1_Fact_Sheet.pdf
https://new.nsf.gov/funding/initiatives/regional-innovation-engines
https://new.nsf.gov/funding/initiatives/regional-innovation-engines
https://www.energy.gov/hubs
https://www.energy.gov/oced/regional-clean-hydrogen-hubs-update
https://www.state.gov/bureaus-offices/under-secretary-for-economic-growth-energy-and-the-environment/the-secretarys-office-of-global-partnerships/the-special-representative-for-subnational-diplomacy/
https://www.eda.gov/sites/default/files/2023-10/EDA_TECH_HUBS_Phase_1_Fact_Sheet.pdf
https://www.eda.gov/sites/default/files/2023-10/EDA_TECH_HUBS_Phase_1_Fact_Sheet.pdf
https://tableau.external.nsf.gov/views/EnginesType-1AwardAnnouncement/Main?%3Ad%E2%80%A6&%3Aembed=y&%3AisGuestRedirectFromVizportal=y
https://www.energy.gov/hubs
https://www.scsp.ai/reports/gen-ai/innovation-power/
https://www.foreignaffairs.com/united-states/eric-schmidt-innovation-power-technology-geopolitics
https://www.scsp.ai/reports/gen-ai/innovation-power/
https://www.technologyreview.com/2023/07/05/1075865/eric-schmidt-ai-will-transform-science?
https://www.technologyreview.com/2023/07/05/1075865/eric-schmidt-ai-will-transform-science?
https://www.wired.com/story/deepmind-ai-nuclear-fusion/#:~:text=The%20Google%2Dbacked%20firm%20taught,a%20tokamak%20nuclear%20fusion%20reactor.&text=The%20inside%20of%20a%20tokamak,a%20special%20kind%20of%20chaos.
https://www.nature.com/articles/s41586-021-04301-9
https://www.technologyreview.com/2023/10/12/1081502/ai-battery-research/?truid=&utm_source=the_algorithm&utm_medium=email&utm_campaign=the_algorithm.unpaid.engagement&utm_content=10-16-2023&mc_cid=b440d7f197&mc_eid=27e4aa4400
https://orbitalmaterials.com/
https://orbitalmaterials.com/
https://www.energy.gov/energy-earthshots-initiative
https://www.scsp.ai/reports/gen-ai/innovation-power/
https://www.scsp.ai/reports/gen-ai/innovation-power/
https://www.whitehouse.gov/briefing-room/presidential-actions/2023/10/30/executive-order-on-the-safe-secure-and-trustworthy-development-and-use-of-artificial-intelligence/
https://www.scsp.ai/reports/gen-ai/innovation-power/
https://www.scsp.ai/reports/gen-ai/innovation-power/
https://www.energy.gov/articles/doe-launches-new-office-coordinate-critical-and-emerging-technology?ref=ctvc.co
https://www.energy.gov/articles/doe-launches-new-office-coordinate-critical-and-emerging-technology?ref=ctvc.co
https://www.energy.gov/ia/about-us-0
https://mission-innovation.net/about-mi/overview/
https://www.anl.gov/article/new-international-consortium-formed-to-create-trustworthy-and-reliable-generative-ai-models-for
https://www.anl.gov/article/new-international-consortium-formed-to-create-trustworthy-and-reliable-generative-ai-models-for
https://www.energy.gov/policy/articles/americas-strategy-secure-supply-chain-robust-clean-energy-transition
https://www.brinknews.com/china-is-moving-rapidly-up-the-rare-earth-value-chain/#:~:text=Although%20it%20has%20only%20about,rare%20earth%20permanent%20magnets%20manufactured
https://www.visualcapitalist.com/chinas-dominance-in-battery-manufacturing/
https://www.visualcapitalist.com/chinas-dominance-in-battery-manufacturing/
https://www.iea.org/reports/solar-pv-global-supply-chains/executive-summary
https://www.iea.org/energy-system/renewables/wind
https://www.eenews.net/articles/doe-overhauls-infrastructure-leadership/
https://www.eenews.net/articles/doe-overhauls-infrastructure-leadership/


N A T I O N A L  A C T I O N  P L A N  F O R  U . S .  L E A D E R S H I P  I N  N E X T - G E N E R A T I O N  E N E R G Y  
 

 43 

 
America’s Strategy to Secure the Supply Chain for a Robust Clean Energy Transition, U.S. Department of 
Energy (2022). Also in 2022, President Biden invoked the Defense Production Act to accelerate domestic 
manufacturing of clean energy, see President Biden Invokes Defense Production Act to Accelerate 
Domestic Manufacturing of Clean Energy, U.S. Department of Energy (2022). 

91 As of late 2022, the PRC held 75% of all battery cell manufacturing capacity and 90% of anode and 
electrolyte production. China’s battery supply chain tops BNEF ranking for third consecutive time; Canada 
close 2nd, US drops to 3rd, Green Car Congress (2022).  

92 U.S. Department of Energy, Energy Storage Grand Challenge (accessed 2024).  

93 Jack Conness, Inflation Reduction Act and CHIPS and Science Act Manufacturing Investment 
Announcements (2024).   

94 Rebecca Bellan, Tracking the EV battery factory construction boom across North America, TechCrunch 
(2023).   

95 Restoring the Sources of Techno-Economic Advantage, Special Competitive Studies Project at 26-27 
(2022). 

96 Increasing Transparency in Critical Materials Price, Supply, and Demand Forecasts,Defense Advanced 
Research Projects Agency (2023).  

97 About Strategic Materials, Defense Logistics Agency (last accessed 2024).  

98 Bryant Harris, Congress and Pentagon Seek to Shore Up Strategic Mineral Stockpile Dominated by China, 
DefenseNews (2022).  

99 Laura He, China Just Stopped Exporting Two Minerals the World’s Chipmakers Need, CNN (2023); China 
Turns Up Heat on Trade With Rare Earths Tech Curbs, Bloomberg News (2023) and Emily de La Bruyère & 
Nathan Picarsic, Elemental Strategy: Countering the Chinese Communist Party’s Efforts to Dominate the 
Rare Earth Industry, Foundation for Defense of Democracies (2022).  

100 For more on this recommendation see Restoring the Sources of Techno-Economic Advantage, Special 
Competitive Studies Project at 20 (2022).  

101 Pub. L. 118-31, National Defense Authorization Act for Fiscal Year 2024 § 1414 (2023). 

102 Pub. L. 118-31, National Defense Authorization Act for Fiscal Year 2024 § 1411(2023); Pub. L. 118-31, 
National Defense Authorization Act for Fiscal Year 2024 § 1414 (2023). 

103 Pub. L. 118-31, National Defense Authorization Act for Fiscal Year 2024, § 152 (2023). 

104 Two proposed options for consideration are found here: Gregor Wischer & Jack Little, The U.S. 
Government Should Stockpile More Critical Minerals, War on the Rocks (2023); Emily de La Bruyère & 
Nathan Picarsic, Elemental Strategy: Countering the Chinese Communist Party’s Efforts to Dominate the 
Rare Earth Industry, Foundation for Defense of Democracies (2022).  

105 A Global Race to the Top: Using Transparency to Secure Critical Mineral Supply Chains, SAFE, Center 
for Critical Minerals Strategy (2023).  

106 Mining Innovations for Negative Missions Resources (MINER), ARPA-E (last accessed 2024); MINER-
Mining Innovations For Negative Emission Resource Discovery: Project Descriptions, ARPA-E (2022).  

107 Critical Materials Projects, U.S. Department of Energy (last accessed 2024). 

108 What Is Mineral Processing in Mining?, Flyability (last accessed 2024).  

109 A Global Race to the Top: Using Transparency to Secure Critical Mineral Supply Chains, SAFE, Center 
for Critical Minerals Strategy at 65 (2023).  

https://www.energy.gov/policy/articles/americas-strategy-secure-supply-chain-robust-clean-energy-transition
https://www.energy.gov/articles/president-biden-invokes-defense-production-act-accelerate-domestic-manufacturing-clean
https://www.energy.gov/articles/president-biden-invokes-defense-production-act-accelerate-domestic-manufacturing-clean
https://www.greencarcongress.com/2022/11/20221113-bnef1.html
https://www.greencarcongress.com/2022/11/20221113-bnef1.html
https://www.energy.gov/energy-storage-grand-challenge/energy-storage-grand-challenge
https://www.jackconness.com/ira-chips-investments
https://www.jackconness.com/ira-chips-investments
https://techcrunch.com/2023/08/16/tracking-the-ev-battery-factory-construction-boom-across-north-america/
https://www.scsp.ai/wp-content/uploads/2022/11/Economy-Panel-IPR-FINAL-Version.pdf
https://www.darpa.mil/news-events/2023-10-24a#:~:text=Critical%20materials%20such%20as%20base,also%20essential%20to%20modern%20technology
https://www.dla.mil/Strategic-Materials/About/#:~:text=DLA%20Strategic%20Materials%20stores%20a,platinum%2C%20palladium%2C%20and%20iridium
https://www.defensenews.com/congress/2022/05/23/congress-and-pentagon-seek-to-shore-up-strategic-mineral-stockpile-dominated-by-china/
https://www.cnn.com/2023/09/21/economy/china-chip-material-exports-drop-intl-hnk/index.html
https://www.bloomberg.com/news/articles/2023-12-21/china-bans-exports-of-some-rare-earth-processing-technologies-lqf1pzw8?embedded-checkout=true
https://www.bloomberg.com/news/articles/2023-12-21/china-bans-exports-of-some-rare-earth-processing-technologies-lqf1pzw8?embedded-checkout=true
https://www.fdd.org/analysis/2022/02/10/elemental-strategy-countering-the-chinese-communist-partys-efforts-to-dominate-the-rare-earth-industry/
https://www.fdd.org/analysis/2022/02/10/elemental-strategy-countering-the-chinese-communist-partys-efforts-to-dominate-the-rare-earth-industry/
https://www.scsp.ai/wp-content/uploads/2022/11/Economy-Panel-IPR-FINAL-Version.pdf
https://www.congress.gov/bill/118th-congress/house-bill/2670/text
https://www.congress.gov/bill/118th-congress/house-bill/2670/text
https://www.congress.gov/118/bills/s2226/BILLS-118s2226es.pdf
https://www.congress.gov/bill/118th-congress/house-bill/2670/text
https://warontherocks.com/2023/09/the-u-s-government-should-stockpile-more-critical-minerals/
https://warontherocks.com/2023/09/the-u-s-government-should-stockpile-more-critical-minerals/
https://www.fdd.org/analysis/2022/02/10/elemental-strategy-countering-the-chinese-communist-partys-efforts-to-dominate-the-rare-earth-industry/
https://www.fdd.org/analysis/2022/02/10/elemental-strategy-countering-the-chinese-communist-partys-efforts-to-dominate-the-rare-earth-industry/
https://safe2020.wpenginepowered.com/wp-content/uploads/2023/03/SAF-_CritMinReport_v06.3_Spreads_Final.pdf
https://arpa-e.energy.gov/technologies/programs/miner
https://www.energy.gov/lpo/critical-materials-projects
https://www.flyability.com/mineral-processing#:~:text=What%20Is%20Mineral%20Processsing%20in,also%20known%20as%20mineral%20dressing
https://safe2020.wpenginepowered.com/wp-content/uploads/2023/03/SAF-_CritMinReport_v06.3_Spreads_Final.pdf


N A T I O N A L  A C T I O N  P L A N  F O R  U . S .  L E A D E R S H I P  I N  N E X T - G E N E R A T I O N  E N E R G Y  
 

 44 

 
110 Defense Production Act Title III Presidential Determination for Critical Materials in Large-Capacity 
Batteries, U.S. Department of Defense (2022); Battery Materials Processing Grants, Office of 
Manufacturing and Energy Supply Chains, U.S. Department of Energy (last accessed 2024). 

111 About the Critical Materials Innovation Hub, Ames National Laboratory (last accessed 2024); A Global 
Race to the Top: Using Transparency to Secure Critical Mineral Supply Chains, SAFE, Center for Critical 
Minerals Strategy (2023).  

112 Hannah Northey, Biden Unveils Long-Awaited Mining Revamp, E&E News (2023). 

113 A Global Race to the Top: Using Transparency to Secure Critical Mineral Supply Chains, SAFE, Center for 
Critical Minerals Strategy at 39 (2023); Alp Bora, Recycling Holds The Key To Making Mining Companies 
More Competitive, Forbes (2023); Urban Mining to Provide for Critical Deficit, North of 60 Degrees Mining 
(2022); Erin Wayman, Recycling Rare Earth Elements is Hard. Science is Trying to Make it Easier, 
ScienceNews (2023).  

114 USGS Provides $2 Million to States to Identify Critical Mineral Potential in Mine Waste, U.S. Geological 
Survey (2023); Sustainable Materials Production, Phoenix Tailings (2023); Recovery of Rare Earth Elements 
and Critical Materials from Coal and Coal Byproducts, U.S. Department of Energy (2022). 

115 Biden-Harris Administration Announces $192 Million to Advance Battery Recycling Technology, U.S. 
Department of Energy (2023); Biden-Harris Administration Invests $32 Million to Strengthen Nation’s 
Critical Minerals Supply Chain, U.S. Department of Energy (2023). 

116 Department of Energy Crosscuts Overview, U.S. Department of Energy at 20 (2023). 

117 Edward A. Burrier & Thomas P. Sheehy, Challenging China’s Grip on Critical Minerals Can Be a Boon for 
Africa’s Future, United States Institute of Peace (2023). 

118 Furthermore, U.S. support and investments in energy and transportation infrastructure required for 
mining operations, like the Lobito Railroad Corridor, see Joint Statement from the United States and the 
European Union on Support for Angola, Zambia and the Democratic Republic of the Congo’s Commitment 
to Further Develop the Lobito Corridor and the U.S.-EU Launch of a Greenfield Rail Line Feasibility Study, 
The White House (2023), could kickstart not only mining operations, but elevate developing economies as a 
whole in a self-sustaining manner. See also Fact Sheet: Partnership for Global Infrastructure and 
Investment at the G7 Summit, The White House (2023). 

119 A Global Race to the Top: Using Transparency to Secure Critical Mineral Supply Chains, SAFE, Center for 
Critical Minerals Strategy at 39 (2023). 

120 To more closely align with trusted allies and partners to create competitive advantages in critical 
minerals, the United States should consider mechanisms to include select non-U.S. sources to be considered 
part of domestic supplies for tax and incentive purposes. 

121 Analysis and recommendations on the state of advanced manufacturing in the United States will be 
covered thoroughly in a forthcoming SCSP Action Plan for U.S. Leadership in Advanced Manufacturing.  

122 Clean Energy Supply Chains Vulnerabilities, IEA (2023).  

123 Stephen Eckert, et al., Understanding the Section 45X Tax Credit for Manufacturers, Plante Moran 
(2023); Innovative Energy and Innovative Supply Chain, U.S. Department of Energy (last accessed 2024).  

124 Restoring the Sources of Techno-Economic Advantage, Special Competitive Studies Project at 16 (2022); 
Jonas Nahm, Reimagine: Clean Energy Technology and U.S. Industrial Policy, Center for New American 
Security (2022).  

125 USTR Further Extends Section 301 China Tariff Product Exclusions, PWC (2024); Silvia Ellena, Corporate 
Sustainability Due Diligence Directive, Euractiv (2022). 

https://www.defense.gov/News/Releases/Release/Article/2989973/defense-production-act-title-iii-presidential-determination-for-critical-materi/#:~:text=The%20DPA%20Title%20III%20authorities,environmental%20sustainability%2C%20and%20workforce%20safety.
https://www.defense.gov/News/Releases/Release/Article/2989973/defense-production-act-title-iii-presidential-determination-for-critical-materi/#:~:text=The%20DPA%20Title%20III%20authorities,environmental%20sustainability%2C%20and%20workforce%20safety.
https://www.energy.gov/mesc/battery-materials-processing-grants
https://www.ameslab.gov/cmi/about-critical-materials-institute
https://safe2020.wpenginepowered.com/wp-content/uploads/2023/03/SAF-_CritMinReport_v06.3_Spreads_Final.pdf
https://safe2020.wpenginepowered.com/wp-content/uploads/2023/03/SAF-_CritMinReport_v06.3_Spreads_Final.pdf
https://www.eenews.net/articles/biden-unveils-long-awaited-mining-revamp/
https://safe2020.wpenginepowered.com/wp-content/uploads/2023/03/SAF-_CritMinReport_v06.3_Spreads_Final.pdf
https://www.forbes.com/sites/forbesbusinesscouncil/2023/10/02/recycling-holds-the-key-to-making-mining-companies-more-competitive/
https://www.forbes.com/sites/forbesbusinesscouncil/2023/10/02/recycling-holds-the-key-to-making-mining-companies-more-competitive/
https://www.miningnewsnorth.com/story/2022/09/12/critical-minerals-alliances-2022/urban-mining-to-provide-for-critical-deficit/7554.html
https://www.sciencenews.org/article/recycling-rare-earth-elements-hard-new-methods#:~:text=In%20some%20ways%2C%20recycling%20rare,thus%20a%20lot%20of%20energy
https://www.usgs.gov/news/national-news-release/usgs-provides-2-million-states-identify-critical-mineral-potential-mine
https://phoenixtailings.com/
https://www.energy.gov/articles/biden-harris-administration-announces-192-million-advance-battery-recycling-technology
https://www.energy.gov/articles/biden-harris-administration-invests-32-million-strengthen-nations-critical-minerals-supply
https://www.energy.gov/articles/biden-harris-administration-invests-32-million-strengthen-nations-critical-minerals-supply
https://www.energy.gov/sites/default/files/2023-03/doe-fy2024-budget-volume-2-crosscutting-v3.pdf
https://www.usip.org/publications/2023/06/challenging-chinas-grip-critical-minerals-can-be-boon-africas-future
https://www.usip.org/publications/2023/06/challenging-chinas-grip-critical-minerals-can-be-boon-africas-future
https://www.whitehouse.gov/briefing-room/statements-releases/2023/09/09/joint-statement-from-the-united-states-and-the-european-union-on-support-for-angola-zambia-and-the-democratic-republic-of-the-congos-commitment-to-further-develop-the-lobito-corridor-and-the/
https://www.whitehouse.gov/briefing-room/statements-releases/2023/09/09/joint-statement-from-the-united-states-and-the-european-union-on-support-for-angola-zambia-and-the-democratic-republic-of-the-congos-commitment-to-further-develop-the-lobito-corridor-and-the/
https://www.whitehouse.gov/briefing-room/statements-releases/2023/09/09/joint-statement-from-the-united-states-and-the-european-union-on-support-for-angola-zambia-and-the-democratic-republic-of-the-congos-commitment-to-further-develop-the-lobito-corridor-and-the/
https://www.whitehouse.gov/briefing-room/statements-releases/2023/05/20/fact-sheet-partnership-for-global-infrastructure-and-investment-at-the-g7-summit/
https://www.whitehouse.gov/briefing-room/statements-releases/2023/05/20/fact-sheet-partnership-for-global-infrastructure-and-investment-at-the-g7-summit/
https://safe2020.wpenginepowered.com/wp-content/uploads/2023/03/SAF-_CritMinReport_v06.3_Spreads_Final.pdf
https://www.iea.org/reports/energy-technology-perspectives-2023/clean-energy-supply-chains-vulnerabilities
https://www.plantemoran.com/explore-our-thinking/insight/2023/09/understanding-the-section-45x-tax-credit-for-manufacturers
https://www.energy.gov/lpo/innovative-energy-and-innovative-supply-chain
https://www.energy.gov/lpo/innovative-energy-and-innovative-supply-chain
https://www.scsp.ai/wp-content/uploads/2022/11/Economy-Panel-IPR-FINAL-Version.pdf
https://s3.us-east-1.amazonaws.com/files.cnas.org/documents/CNAS-Report-Reimagine-Clean-Energy-Tech-final-v2.pdf
https://s3.us-east-1.amazonaws.com/files.cnas.org/documents/CNAS-Report-Reimagine-Clean-Energy-Tech-final-v2.pdf
https://s3.us-east-1.amazonaws.com/files.cnas.org/documents/CNAS-Report-Reimagine-Clean-Energy-Tech-final-v2.pdf
https://www.pwc.com/us/en/services/tax/library/pwc-ustr-further-extends-section-301-china-tariff-product-exclusions.html
https://www.euractiv.com/section/economy-jobs/news/chinese-companies-worried-about-eu-due-diligence-proposal-survey-finds/
https://www.euractiv.com/section/economy-jobs/news/chinese-companies-worried-about-eu-due-diligence-proposal-survey-finds/


N A T I O N A L  A C T I O N  P L A N  F O R  U . S .  L E A D E R S H I P  I N  N E X T - G E N E R A T I O N  E N E R G Y  
 

 45 

 
126 Clean Energy Permitting Reform Bills in Congress, Citizens’ Climate Lobby (last accessed 2024); Morgan 
Brummund, The Case for Bipartisan Energy Permitting Reform, RealClear Energy (2023). 

127 Clark Mindock & Timothy Gardner, White House Unveils Proposed reforms to Speed Clean Energy 
Permitting, Reuters (2023); Proposed Rule: National Environmental Policy Act Implementing Procedures, 
Department of Energy (2023).  

128 Miranda Willson, FERC Approves ‘Historic’ Rule to Address Renewables Backlog, E&E News (2023). 

129 Morgan Brummund, The Case for Bipartisan Energy Permitting Reform, RealClear Energy (2023).  

130 Xan Fishman, et al., Reforming Judicial Review for Clean Infrastructure: A Bipartisan Approach, 
Bipartisan Policy Center (2023). 

131 Karine Khatcherian, Barriers to the Timely Deployment of Climate Infrastructure, Prime (2022); The 
Sophisticating Climate Capital Stack, CTVC (2023); Francis O’Sullivan & Gokul Raghavan, The Missing 
Middle: Capital Imbalances in the Energy Transition, s2gventures (2023). 

132 The Sophisticating Climate Capital Stack, CTVC (2023). 

133 Karine Khatcherian, Barriers to the Timely Deployment of Climate Infrastructure, Prime at 5 (2022). 

134 The Sophisticating Climate Capital Stack, CTVC (2023). 

135 Taite R. McDonald, et al., DOE Loan Programs Office: 2023 Updates, Overview and Key Insights, Holland 
and Knight (2023). Other key DOE offices include the Office of Technology Transitions (OTT) and the Office 
of Clean Energy Demonstrations (OCED). 

136 “New Title 17 Section 1703 (the original program started by the EPAct) and EIR (Section 1706 created 
under Title 17 by the IRA) loan guarantee authority and appropriations will be available through FY 2026. 
New ATVM subsidy cost appropriations will be available through FY 2028. New TELGP loan guarantee 
authority and appropriations will be available through FY 2028.” see Robert Fourqurean, Financing the 
Clean Energy Revolution, Third Way (2023). 

137 Taite R. McDonald, et al., DOE Loan Programs Office: 2023 Updates, Overview and Key Insights, Holland 
and Knight (2023). 

138 Karine Khatcherian, Barriers to the Timely Deployment of Climate Infrastructure, Prime at 30 (2022). 

139 James McBride & Anshu Siripurapu, How Does the U.S. Power Grid Work?, Council on Foreign Relations 
(2022). 

140 James McBride & Anshu Siripurapu, How Does the U.S. Power Grid Work?, Council on Foreign Relations 
(2022). 

141 Building a Clean Energy Economy: A Guidebook to the Inflation Reduction Act’s Investments in Clean 
Energy and Climate Action, The White House (2023); A 2030 United States Macro Grid: Unlocking 
Geographical Diversity to Accomplish Clean Energy Goals, Breakthrough Energy (2021); Accelerating 
Decarbonization in the United States, National Academies (2023). 

142 Today’s grid consists of aging transmission infrastructure that will urgently need to be replaced in the 
next decade. See A Guide to Case Studies of Grid Enhancing Technologies, Idaho National Laboratory 
(2022); Grid-Enhancing Technologies: A Case Study on Ratepayer Impact, U.S. Department of Energy 
(2022); Electricity Grids and Secure Energy Transitions: Enhancing the Foundations of Resilient, 
Sustainable, and Affordable Power Systems, IEA (2023); Srishti Slaria, et al., Expanding the Possibilities: 
When and Where Can Grid-Enhancing Technologie, Distributed Energy Resources, and Microgrids Support 
the Grid of the Future?, Resources for the Future (2023). 

143 A Guide to Case Studies of Grid Enhancing Technologies, Idaho National Laboratory (2022); Grid-
Enhancing Technologies: A Case Study on Ratepayer Impact, U.S. Department of Energy (2022). 

https://citizensclimatelobby.org/clean-energy-permitting-reform-in-congress/
https://www.realclearenergy.org/articles/2023/12/18/the_case_for_bipartisan_energy_permitting_reform_999725.html
https://www.reuters.com/legal/government/white-house-unveils-proposed-reforms-speed-clean-energy-permitting-2023-07-28/
https://www.reuters.com/legal/government/white-house-unveils-proposed-reforms-speed-clean-energy-permitting-2023-07-28/
https://www.eenews.net/articles/ferc-approves-historic-rule-to-address-renewables-backlog/
https://www.realclearenergy.org/articles/2023/12/18/the_case_for_bipartisan_energy_permitting_reform_999725.html
https://bipartisanpolicy.org/download/?file=/wp-content/uploads/2023/09/BPC_Energy_JudicialReview.pdf
https://static1.squarespace.com/static/60903dcf05bc23197b2b993b/t/6269c7a70847634d26c0d81b/1651099594061/2022+Climate+Infrastructure+Full+Report_final
https://www.ctvc.co/the-sophisticating-climate-capital-stack/
https://www.ctvc.co/the-sophisticating-climate-capital-stack/
https://www.s2gventures.com/2023-capital-imbalances-energy-transition
https://www.s2gventures.com/2023-capital-imbalances-energy-transition
https://www.ctvc.co/the-sophisticating-climate-capital-stack/
https://static1.squarespace.com/static/60903dcf05bc23197b2b993b/t/6269c7a70847634d26c0d81b/1651099594061/2022+Climate+Infrastructure+Full+Report_final
https://www.ctvc.co/the-sophisticating-climate-capital-stack/
https://www.hklaw.com/en/insights/publications/2023/02/doe-loan-programs-office-2023-updates-overview-and-key-insights
https://www.thirdway.org/memo/financing-the-clean-energy-revolution
https://www.thirdway.org/memo/financing-the-clean-energy-revolution
https://www.thirdway.org/memo/financing-the-clean-energy-revolution
https://www.hklaw.com/en/insights/publications/2023/02/doe-loan-programs-office-2023-updates-overview-and-key-insights
https://static1.squarespace.com/static/60903dcf05bc23197b2b993b/t/6269c7a70847634d26c0d81b/1651099594061/2022+Climate+Infrastructure+Full+Report_final
https://www.cfr.org/backgrounder/how-does-us-power-grid-work
https://www.cfr.org/backgrounder/how-does-us-power-grid-work
https://www.whitehouse.gov/wp-content/uploads/2022/12/Inflation-Reduction-Act-Guidebook.pdf
https://www.whitehouse.gov/wp-content/uploads/2022/12/Inflation-Reduction-Act-Guidebook.pdf
https://bescdn.breakthroughenergy.org/publications/MacroGridReport.pdf
https://bescdn.breakthroughenergy.org/publications/MacroGridReport.pdf
https://nap.nationalacademies.org/catalog/25931/accelerating-decarbonization-in-the-united-states-technology-policy-and-societal
https://nap.nationalacademies.org/catalog/25931/accelerating-decarbonization-in-the-united-states-technology-policy-and-societal
https://inl.gov/content/uploads/2023/03/A-Guide-to-Case-Studies-for-Grid-Enhancing-Technologies.pdf
https://iea.blob.core.windows.net/assets/70f2de45-6d84-4e07-bfd0-93833e205c81/ElectricityGridsandSecureEnergyTransitions.pdf
https://iea.blob.core.windows.net/assets/70f2de45-6d84-4e07-bfd0-93833e205c81/ElectricityGridsandSecureEnergyTransitions.pdf
https://media.rff.org/documents/Report_23-13.pdf
https://media.rff.org/documents/Report_23-13.pdf
https://media.rff.org/documents/Report_23-13.pdf
https://inl.gov/content/uploads/2023/03/A-Guide-to-Case-Studies-for-Grid-Enhancing-Technologies.pdf


N A T I O N A L  A C T I O N  P L A N  F O R  U . S .  L E A D E R S H I P  I N  N E X T - G E N E R A T I O N  E N E R G Y  
 

 46 

 
144 Current GETs include technologies such as dynamic line rating (DLR), which monitors thermal limits of 
transmission lines based on weather conditions; power flow control devices; and analytical tools and 
software solutions, like topology optimization (TO), which uses artificial intelligence to identify ways to 
identify the best power line configurations. Advanced conductors and superconductors are also sometimes 
considered types of grid-enhancing technologies, as they increase the power-carrying capacity of 
transmission wires. Modernizing the grid could also include replacing or upgrading aging infrastructure, 
incorporating distributed energy resources to bring generation sources closer to load centers, and using 
microgrids to support on-site power use. See James Hewett, Embracing Innovation: Transforming the Grid 
for a Sustainable Future, Breakthrough Energy (2023); Grid-Enhancing Technologies: A Case Study on 
Ratepayer Impact, U.S. Department of Energy (2022); Srishti Slaria, et al., Expanding the Possibilities: 
When and Where Can Grid-Enhancing Technologie, Distributed Energy Resources, and Microgrids Support 
the Grid of the Future?, Resources for the Future (2023. 

145 These technologies have been proven to increase transmission capacity, eliminate transmission 
congestion, and dramatically reduce the curtailment of renewable energy sources. See A Guide to Case 
Studies of Grid Enhancing Technologies, Idaho National Laboratory (2022); Srishti Slaria, et al., Expanding 
the Possibilities: When and Where Can Grid-Enhancing Technologie, Distributed Energy Resources, and 
Microgrids Support the Grid of the Future?, Resources for the Future (2023). 

146 Srishti Slaria, et al., Expanding the Possibilities: When and Where Can Grid-Enhancing Technologie, 
Distributed Energy Resources, and Microgrids Support the Grid of the Future?, Resources for the Future 
(2023); Frequently Asked Questions about Grid Enhancing Technologies, WATT Coalition (last accessed 
2024). 

147 Grid-Enhancing Technologies: A Case Study on Ratepayer Impact, U.S. Department of Energy (2022). 

148 WATT Coalition and AEE Comments on Electric Transmission Incentives Policy Under Section 219 of the 
Federal Power Act, (2020).  

149 RM22-14-000, Improvements to Generator Interconnection Procedures and Agreements, Federal 
Energy Regulatory Commission (2023); Srishti Slaria, et al., Expanding the Possibilities: When and Where 
Can Grid-Enhancing Technologie, Distributed Energy Resources, and Microgrids Support the Grid of the 
Future?, Resources for the Future (2023). 

150 Nadja Popovich & Brad Plumer, Why the U.S. Electric Grid Isn’t Ready for the Energy Transition, New 
York Times (2023); Srishti Slaria, et al., Expanding the Possibilities: When and Where Can Grid-Enhancing 
Technologie, Distributed Energy Resources, and Microgrids Support the Grid of the Future?, Resources for 
the Future (2023); National Transmission Needs Study, U.S. Department of Energy (2023).  

151 James Hewett, How a Little-known Rule Could Help Stabilize the Grid, Breakthrough Energy (2023); A 
2030 United States Macro Grid: Unlocking Geographical Diversity to Accomplish Clean Energy Goals, 
Breakthrough Energy (2021); National Transmission Needs Study, U.S. Department of Energy (2023); What 
are Regional Transmission Organizations and How do They Interact with State Climate Goals, National 
Caucus of Environmental Legislators (2022). 

152 Nadja Popovich & Brad Plumer, Why the U.S. Electric Grid Isn’t Ready for the Energy Transition, New 
York Times (2023). 

153 A 2030 United States Macro Grid: Unlocking Geographical Diversity to Accomplish Clean Energy Goals, 
Breakthrough Energy (2021); National Transmission Needs Study, U.S. Department of Energy (2023).  

154 National Transmission Needs Study, U.S. Department of Energy (2023); Interconnections Seam Study, 
National Renewable Energy Laboratory (last accessed 2024).  

155 Julie A. Cohn, Connecting Past and Future: A History of Texas' Isolated Power Grid, Baker Institute 
(2022). 

https://breakthroughenergy.org/news/gridinnovation/
https://breakthroughenergy.org/news/gridinnovation/
https://media.rff.org/documents/Report_23-13.pdf
https://media.rff.org/documents/Report_23-13.pdf
https://media.rff.org/documents/Report_23-13.pdf
https://media.rff.org/documents/Report_23-13.pdf
https://media.rff.org/documents/Report_23-13.pdf
https://media.rff.org/documents/Report_23-13.pdf
https://media.rff.org/documents/Report_23-13.pdf
https://media.rff.org/documents/Report_23-13.pdf
https://watt-transmission.org/resources-2/faq/
https://watt-transmission.org/wp-content/uploads/2020/08/watt-coalition-aee-filing-to-ferc-in-incentives-nopr.pdf
https://watt-transmission.org/wp-content/uploads/2020/08/watt-coalition-aee-filing-to-ferc-in-incentives-nopr.pdf
https://watt-transmission.org/wp-content/uploads/2020/08/watt-coalition-aee-filing-to-ferc-in-incentives-nopr.pdf
https://watt-transmission.org/wp-content/uploads/2020/08/watt-coalition-aee-filing-to-ferc-in-incentives-nopr.pdf
https://www.ferc.gov/media/e-1-order-2023-rm22-14-000
https://media.rff.org/documents/Report_23-13.pdf
https://media.rff.org/documents/Report_23-13.pdf
https://media.rff.org/documents/Report_23-13.pdf
https://www.nytimes.com/interactive/2023/06/12/climate/us-electric-grid-energy-transition.html
https://media.rff.org/documents/Report_23-13.pdf
https://media.rff.org/documents/Report_23-13.pdf
https://www.energy.gov/sites/default/files/2023-10/National_Transmission_Needs_Study_2023.pdf
https://breakthroughenergy.org/news/stabilizedgrid/
https://bescdn.breakthroughenergy.org/publications/MacroGridReport.pdf
https://bescdn.breakthroughenergy.org/publications/MacroGridReport.pdf
https://www.energy.gov/sites/default/files/2023-10/National_Transmission_Needs_Study_2023.pdf
https://www.ncelenviro.org/articles/what-are-regional-transmission-organizations-and-how-do-they-interact-with-state-climate-goals/
https://www.ncelenviro.org/articles/what-are-regional-transmission-organizations-and-how-do-they-interact-with-state-climate-goals/
https://www.nytimes.com/interactive/2023/06/12/climate/us-electric-grid-energy-transition.html
https://bescdn.breakthroughenergy.org/publications/MacroGridReport.pdf
https://www.energy.gov/sites/default/files/2023-10/National_Transmission_Needs_Study_2023.pdf
https://www.energy.gov/sites/default/files/2023-10/National_Transmission_Needs_Study_2023.pdf
https://www.nrel.gov/analysis/seams.html
https://www.bakerinstitute.org/research/connecting-past-and-future-history-texas-isolated-power-grid


N A T I O N A L  A C T I O N  P L A N  F O R  U . S .  L E A D E R S H I P  I N  N E X T - G E N E R A T I O N  E N E R G Y  
 

 47 

 
156 High-voltage direct current (HVDC) connections that span interconnection seams allow power 
generated by renewable energy sources to be shared more readily across the nation, making renewable 
energy more reliable and cost-effective. HVDC links support the synchronous grid of continental Europe, 
supplying electricity to 27 countries. In the United States, new HVDC transmission lines across the three 
interconnections could operate like a national power highway, transporting energy across the country while 
remaining locally operated by regional stakeholders. While there are key barriers to the expansion of HVDC 
connections, like supply chain bottlenecks and the need for multi-stakeholder collaboration, HVDC systems 
would provide enormous value to the grid. See James Hewett, The Transmission Challenge Ahead, 
Breakthrough Energy (2023); Interconnections Seam Study, National Renewable Energy Laboratory (last 
accessed 2024); National Transmission Needs Study, U.S. Department of Energy (2023); A 2030 United 
States Macro Grid: Unlocking Geographical Diversity to Accomplish Clean Energy Goals, Breakthrough 
Energy (2021); Electricity Grids and Secure Energy Transitions: Enhancing the Foundations of Resilient, 
Sustainable, and Affordable Power Systems, IEA (2023); Transmission Makes the Power System Resilient to 
Extreme Weather, Grid Strategies LLC (2021); Innovative Grid Deployment: Pathways to Commercial 
Liftoff, U.S. Department of Energy (2023).  

157 Building new transmission lines is a heavy regulatory process involving many stakeholders at the federal 
and state levels. Thus, expanding transmission can become highly politicized as stakeholders negotiate who 
pays for transmission upgrades and new lines versus who benefits from them. There is also tension between 
federal and state powers, giving preference to state processes out of fear of federal government 
overreach. Yet, new HVDC transmission lines that span the interconnection seams would be a public good 
and in the nation's interests. Therefore, the federal government should be the stakeholder that oversees 
the building of and primarily pays for these lines. Like the management of national interstates, once 
constructed by the federal government, local stakeholders will operate and regulate these transmission 
lines. See Jeff St. John, Could 2024 Be a Breakout Year for the Transmission Grid?, Canary Media (2024); 
Abraham Silverman, et al., FERC’s Interconnection Reform: Why It Matters for the Clean Energy Transition, 
Center on Global Energy Policy at Columbia SIPA (2023); Meeting Clean Energy Goals Will Require the Grid 
of the Future, The Environmental Forum (2023); Michael Goggin, Transmission Makes the Power System 
Resilient to Extreme Weather, Grid Strategies LLC & ACORE (2021).  

158 Accelerating Decarbonization in the United States, National Academies at 262-263 (2023). 

159 The Department of Energy’s Transmission Facilitation Program allows the agency to act as an “anchor 
tenant” and buy up to 50% of a planned line’s capacity rating for up to 40 years, supporting new lines of 
1,000 MW and greater, or upgrading or replacing lines of at least 500 MW. See Accelerating 
Decarbonization in the United States, National Academies at 262-263 (2023); Michael Goggin, 
Transmission Makes the Power System Resilient to Extreme Weather, Grid Strategies LLC (2021), 
Transmission Facilitation Program, U.S. Department of Energy (last accessed 2024). 

160 Additional steps to build out new HVDC transmission lines that span the interconnection seams could 
include establishing a minimum transfer capability requirement, which would require the shift of electricity 
across regions. Establishing a minimum transfer capability could be an avenue to ensure these transmission 
lines are used for their purpose of moving electricity across the country. See James Hewett, How a Little-
Known Rule Could Help Stabilize the Grid, Breakthrough Energy (2023); Transmission Makes the Power 
System Resilient to Extreme Weather, Grid Strategies LLC (2021). 

161 GAO-21-81, Electricity Grid Cybersecurity: DOE Needs to Ensure Its Plans Fully Address Risks to 
Distribution Systems, U.S. Government Accountability Office (2021). 

162 Grid In Peril, SAFE (2023); GAO-21-81, Electricity Grid Cybersecurity: DOE Needs to Ensure Its Plans Fully 
Address Risks to Distribution Systems, U.S. Government Accountability Office (2021). 

163 Electricity Grids and Secure Energy Transitions: Enhancing the Foundations of Resilient, Sustainable, and 
Affordable Power Systems, IEA (2023); Cybersecurity Considerations for Distributed Energy Resources on 

https://breakthroughenergy.org/news/transmissionby2025/
https://www.nrel.gov/analysis/seams.html
https://www.energy.gov/sites/default/files/2023-10/National_Transmission_Needs_Study_2023.pdf
https://bescdn.breakthroughenergy.org/publications/MacroGridReport.pdf
https://bescdn.breakthroughenergy.org/publications/MacroGridReport.pdf
https://iea.blob.core.windows.net/assets/70f2de45-6d84-4e07-bfd0-93833e205c81/ElectricityGridsandSecureEnergyTransitions.pdf
https://iea.blob.core.windows.net/assets/70f2de45-6d84-4e07-bfd0-93833e205c81/ElectricityGridsandSecureEnergyTransitions.pdf
https://iea.blob.core.windows.net/assets/70f2de45-6d84-4e07-bfd0-93833e205c81/ElectricityGridsandSecureEnergyTransitions.pdf
https://iea.blob.core.windows.net/assets/70f2de45-6d84-4e07-bfd0-93833e205c81/ElectricityGridsandSecureEnergyTransitions.pdf
https://acore.org/wp-content/uploads/2021/07/GS_Resilient-Transmission_proof.pdf
https://acore.org/wp-content/uploads/2021/07/GS_Resilient-Transmission_proof.pdf
https://liftoff.energy.gov/wp-content/uploads/2023/12/Grid-Deployment-Pathways-to-Commercial-Liftoff-Webinar-vF-web.pdf
https://liftoff.energy.gov/wp-content/uploads/2023/12/Grid-Deployment-Pathways-to-Commercial-Liftoff-Webinar-vF-web.pdf
https://www.canarymedia.com/articles/transmission/could-2024-be-a-breakout-year-for-the-transmission-grid
https://www.energypolicy.columbia.edu/fercs-interconnection-reform-why-it-matters-for-the-clean-energy-transition/
https://gridstrategiesllc.com/wp-content/uploads/2023/10/The-Debate_Rob-Gramlich-.pdf
https://gridstrategiesllc.com/wp-content/uploads/2023/10/The-Debate_Rob-Gramlich-.pdf
https://acore.org/wp-content/uploads/2021/07/GS_Resilient-Transmission_proof.pdf
https://acore.org/wp-content/uploads/2021/07/GS_Resilient-Transmission_proof.pdf
https://nap.nationalacademies.org/catalog/25931/accelerating-decarbonization-in-the-united-states-technology-policy-and-societal
https://nap.nationalacademies.org/catalog/25931/accelerating-decarbonization-in-the-united-states-technology-policy-and-societal
https://nap.nationalacademies.org/catalog/25931/accelerating-decarbonization-in-the-united-states-technology-policy-and-societal
https://acore.org/wp-content/uploads/2021/07/GS_Resilient-Transmission_proof.pdf
https://www.energy.gov/gdo/transmission-facilitation-program
https://breakthroughenergy.org/news/stabilizedgrid/
https://breakthroughenergy.org/news/stabilizedgrid/
https://acore.org/wp-content/uploads/2021/07/GS_Resilient-Transmission_proof.pdf
https://acore.org/wp-content/uploads/2021/07/GS_Resilient-Transmission_proof.pdf
https://www.gao.gov/assets/d2181.pdf
https://www.gao.gov/assets/d2181.pdf
https://safe2020.wpenginepowered.com/wp-content/uploads/2023/09/SAF-_GridSec_Sept23_v01.5_singles.pdf
https://www.gao.gov/assets/d2181.pdf
https://www.gao.gov/assets/d2181.pdf
https://iea.blob.core.windows.net/assets/70f2de45-6d84-4e07-bfd0-93833e205c81/ElectricityGridsandSecureEnergyTransitions.pdf
https://iea.blob.core.windows.net/assets/70f2de45-6d84-4e07-bfd0-93833e205c81/ElectricityGridsandSecureEnergyTransitions.pdf


N A T I O N A L  A C T I O N  P L A N  F O R  U . S .  L E A D E R S H I P  I N  N E X T - G E N E R A T I O N  E N E R G Y  
 

 48 

 
the U.S. Electric Grid, U.S. Department of Energy (2022); Ellen Nakashima & Joseph Menn, China’s Cyber 
Army is Invading Critical U.S. Services, The Washington Post (2023).  

164 Cybersecurity Considerations for Distributed Energy Resources on the U.S. Electric Grid, U.S. 
Department of Energy (2022). 

165 GAO-22-105599, Priority Open Recommendations: Department of Energy, U.S. Government 
Accountability Office (2022); GAO-21-81, Electricity Grid Cybersecurity: DOE Needs to Ensure Its Plans Fully 
Address Risks to Distribution Systems, U.S. Government Accountability Office (2021). 

166 Nuclear explained: U.S. Nuclear Industry, U.S. Energy Information Administration (last accessed 2024). 
This comes from just 93 reactors across the country operating at 92.7% capacity. Each reactor produces 
the equivalent of 3.125 million photovoltaic panels, 431 utility-scale wind turbines, or 100 million LED light 
bulbs. See Infographic: How Much Power Does A Nuclear Reactor Produce?, U.S. Department of Energy 
(2021).  

167 Nick van Osdol, Sentiment Shift: Winds of Change in Nuclear Energy?, Keep Cool (2023); TL;DR on SMRs 
#143, CTVC (2023). 

168 Nick van Osdol, Sentiment Shift: Winds of Change in Nuclear Energy?, Keep Cool (2023). 

169Jared Malsin & Georgi Kantchev, Kremlin Extends Global Influence With Russian Nuclear-Power 
Juggernaut, The Wall Street Journal (2023); Catherine Clifford, How China Became the King of New 
Nuclear Power, and How the U.S. is Trying to Stage a Comeback, CNBC (2023).  

170 PRC entities are designing, developing, or have already built at least 21 SMR models according to the 
China Atomic Energy Authority. Meanwhile, in the United States, the first company to receive a design 
certificate from the Nuclear Regulatory Commission for its SMR design announced in late 2023 that it was 
terminating its contract due the failure to attract enough commercial subscribers. See Paul Day, Canceled 
NuScale Contract Weighs Heavy on New Nuclear, Reuters (2024).  

171 At COP28, Countries Launch Declaration to Triple Nuclear Energy Capacity by 2050, Recognizing the 
Key Role of Nuclear Energy in Reaching Net Zero, U.S. Department of Energy (2023). 

172 Rebecca Leppert & Brian Kennedy, Growing Share of Americans Favor More Nuclear Power, Pew 
Research Center (2023). 

173 At COP28, Countries Launch Declaration to Triple Nuclear Energy Capacity by 2050, Recognizing the 
Key Role of Nuclear Energy in Reaching Net Zero, U.S. Department of Energy (2023). 

174 Julie Kozeracki, et al., Pathways to Commercial Liftoff: Advanced Nuclear, U.S. Department of Energy 
at 4 (2023). 

175 Advanced Reactor Demonstration Program, U.S. Department of Energy (last accessed 2024);Julie 
Kozeracki, et al., Pathways to Commercial Liftoff: Advanced Nuclear, U.S. Department of Energy at 1 
(2023). 

176 U.S. Department of Energy Announces $40 Million to Reduce Fuel Waste from Advanced Nuclear 
Reactors, ARPA-E (2021).  

177 Matthew L. Wald, Meet Ten of the Next Five Successful Advanced Reactors, The Breakthrough Institute 
(2023); Prachi Patel, U.S. Reenters the Nuclear Fuel Game: Centrus Energy Delivers First Batch of Uranium 
That’s Critical for Advanced Reactors, IEEE Spectrum (2023). 

178 Hydrogen: Overview, International Renewable Energy Agency (last accessed 2024).  

179 The Hydrogen Color Spectrum, National Grid Group (last accessed 2024); Hydrogen Fuel Basics, U.S. 
Department of Energy (last accessed 2024). 

https://www.washingtonpost.com/technology/2023/12/11/china-hacking-hawaii-pacific-taiwan-conflict/
https://www.washingtonpost.com/technology/2023/12/11/china-hacking-hawaii-pacific-taiwan-conflict/
https://www.gao.gov/assets/gao-22-105599.pdf
https://www.gao.gov/assets/d2181.pdf
https://www.gao.gov/assets/d2181.pdf
https://www.eia.gov/energyexplained/nuclear/us-nuclear-industry.php
https://www.energy.gov/ne/articles/infographic-how-much-power-does-nuclear-reactor-produce
https://www.keepcool.co/p/sentiment-shift-in-nuclear-energy?utm_source=www.keepcool.co&utm_medium=newsletter&utm_campaign=sentiment-shift
https://www.ctvc.co/nuclear-smr/
https://www.ctvc.co/nuclear-smr/
https://www.keepcool.co/p/sentiment-shift-in-nuclear-energy?utm_source=www.keepcool.co&utm_medium=newsletter&utm_campaign=sentiment-shift
https://www.wsj.com/articles/kremlin-extends-global-influence-with-russian-nuclear-power-juggernaut-d26379a0
https://www.wsj.com/articles/kremlin-extends-global-influence-with-russian-nuclear-power-juggernaut-d26379a0
https://www.cnbc.com/2023/08/30/how-china-became-king-of-new-nuclear-power-how-us-could-catch-up.html
https://www.cnbc.com/2023/08/30/how-china-became-king-of-new-nuclear-power-how-us-could-catch-up.html
https://web.archive.org/web/20231109084211/https:/www.caea.gov.cn/n6760340/n6760355/c6827456/part/6792949.pdf
https://www.reuters.com/business/energy/cancelled-nuscale-contract-weighs-heavy-new-nuclear-2024-01-10/
https://www.reuters.com/business/energy/cancelled-nuscale-contract-weighs-heavy-new-nuclear-2024-01-10/
https://www.energy.gov/articles/cop28-countries-launch-declaration-triple-nuclear-energy-capacity-2050-recognizing-key
https://www.energy.gov/articles/cop28-countries-launch-declaration-triple-nuclear-energy-capacity-2050-recognizing-key
https://www.pewresearch.org/short-reads/2023/08/18/growing-share-of-americans-favor-more-nuclear-power/
https://www.energy.gov/articles/cop28-countries-launch-declaration-triple-nuclear-energy-capacity-2050-recognizing-key
https://www.energy.gov/articles/cop28-countries-launch-declaration-triple-nuclear-energy-capacity-2050-recognizing-key
https://liftoff.energy.gov/wp-content/uploads/2023/03/20230320-Liftoff-Advanced-Nuclear-vPUB.pdf
https://www.energy.gov/ne/advanced-reactor-demonstration-program
https://liftoff.energy.gov/wp-content/uploads/2023/03/20230320-Liftoff-Advanced-Nuclear-vPUB.pdf
https://arpa-e.energy.gov/news-and-media/press-releases/us-department-energy-announces-40-million-reduce-fuel-waste-advanced
https://arpa-e.energy.gov/news-and-media/press-releases/us-department-energy-announces-40-million-reduce-fuel-waste-advanced
https://thebreakthrough.org/issues/energy/meet-ten-of-the-next-five-successful-advanced-reactors
https://spectrum.ieee.org/nuclear-power-plant-2666199640
https://spectrum.ieee.org/nuclear-power-plant-2666199640
https://www.irena.org/Energy-Transition/Technology/Hydrogen
https://www.nationalgrid.com/stories/energy-explained/hydrogen-colour-spectrum
https://www.nationalgrid.com/stories/energy-explained/hydrogen-colour-spectrum
https://www.energy.gov/eere/fuelcells/hydrogen-fuel-basics


N A T I O N A L  A C T I O N  P L A N  F O R  U . S .  L E A D E R S H I P  I N  N E X T - G E N E R A T I O N  E N E R G Y  
 

 49 

 
180 Promising approaches for hydrogen production include using low-carbon electricity sources to power 
electrolysis and combining fossil fuel-based production with carbon capture and storage. See Emre 
Gençer, Hydrogen, MIT Climate Portal (2021). On delivering hydrogen to end users, some companies are 
using a modular approach to retrofit existing aircraft. See Mark Harris, Universal Hydrogen takes to the air 
with the largest hydrogen fuel cell ever to fly, TechCrunch (2023).   

181  Liz Alderman It Could Be a Vast Source of Clean Energy, Buried Deep Underground, New York Times 
(2023); Florian Osselin, et al., Orange Hydrogen is the New Green, Nature Geoscience at 765-769 (2022). 

182 The Pathway to: Clean Hydrogen Commercial Liftoff, U.S. Department of Energy (last accessed 2024). 

183 Hydrogen Shot, U.S. Department of Energy (last accessed 2024).  

184 Regional Clean Hydrogen Hubs, U.S. Department of Energu (last accessed 2024).  

185 Treasury Sets out Proposed Rules for Transformative Clean Hydrogen Incentives, The White House 
(2023). 

186 Geothermal Explained, U.S. Energy Information Administration (2022).  

187 Geothermal Explained: Where Geothermal Energy is Found, U.S. Energy Information Agency (2022).  

188 Ian Palmer, Enhanced Geothermal System Uses Oil And Gas Technology To Mine Low-Carbon Energy. 
Part 2., Forbes (2022). 

189 The private sector is pursuing various approaches, from a fracking method to deep-earth drilling. Two 
examples: 1) Fervo Energy uses a fracking method that is providing energy in Nevada in a partnership with 
Google: Jennifer McDermott, New Google Geothermal Electricity Project Could be a Milestone for Clean 
Energy, AP News (2023), and 2) Quaise Energy is developing technology to drill down to 12 miles to harness 
geothermal heat: Oliver Gordon, Geothermal Can Provide Half the World’s Energy – Quaise Energy CEO, 
Energy Monitor (2023).  

190 Enhanced Geothermal Shot, U.S. Department of Energy (last accessed 2024).  

191 Enhanced Geothermal Shot: Frequently Asked Questions, U.S. Department of Energy (2023). 

https://climate.mit.edu/explainers/hydrogen
https://techcrunch.com/2023/03/02/universal-hydrogen-takes-to-the-air-with-the-largest-hydrogen-fuel-cell-ever-to-fly/?guccounter=1&guce_referrer=aHR0cHM6Ly93d3cuZ29vZ2xlLmNvbS8&guce_referrer_sig=AQAAAAVudVceZkabuI-bpWPD8npbBDKh4Qfb152GNNWjy55UXRbSQExeOGN3m7G0wUI_F45r2pDPQ7tvEp_AVzZSzw5aj9RY9vRcmHWqlgZxerG-rf2iXFFInxI7kTYwXEHyD1pIQEpW21uZAWrw8ZCn8XLEfFLa-DymKJmeDclik6Q5
https://techcrunch.com/2023/03/02/universal-hydrogen-takes-to-the-air-with-the-largest-hydrogen-fuel-cell-ever-to-fly/?guccounter=1&guce_referrer=aHR0cHM6Ly93d3cuZ29vZ2xlLmNvbS8&guce_referrer_sig=AQAAAAVudVceZkabuI-bpWPD8npbBDKh4Qfb152GNNWjy55UXRbSQExeOGN3m7G0wUI_F45r2pDPQ7tvEp_AVzZSzw5aj9RY9vRcmHWqlgZxerG-rf2iXFFInxI7kTYwXEHyD1pIQEpW21uZAWrw8ZCn8XLEfFLa-DymKJmeDclik6Q5
https://techcrunch.com/2023/03/02/universal-hydrogen-takes-to-the-air-with-the-largest-hydrogen-fuel-cell-ever-to-fly/?guccounter=1&guce_referrer=aHR0cHM6Ly93d3cuZ29vZ2xlLmNvbS8&guce_referrer_sig=AQAAAAVudVceZkabuI-bpWPD8npbBDKh4Qfb152GNNWjy55UXRbSQExeOGN3m7G0wUI_F45r2pDPQ7tvEp_AVzZSzw5aj9RY9vRcmHWqlgZxerG-rf2iXFFInxI7kTYwXEHyD1pIQEpW21uZAWrw8ZCn8XLEfFLa-DymKJmeDclik6Q5
https://www.nytimes.com/2023/12/04/business/energy-environment/clean-energy-hydrogen.html
https://www.nature.com/articles/s41561-022-01043-9
https://liftoff.energy.gov/clean-hydrogen/
https://www.energy.gov/eere/fuelcells/hydrogen-shot
https://www.energy.gov/oced/regional-clean-hydrogen-hubs-0
https://www.whitehouse.gov/cleanenergy/clean-energy-updates/2023/12/22/treasury-sets-out-proposed-rules-for-transformative-clean-hydrogen-incentives/
https://www.eia.gov/energyexplained/geothermal/
https://www.eia.gov/energyexplained/geothermal/where-geothermal-energy-is-found.php#:~:text=Most%20of%20the%20geothermal%20power,most%20electricity%20from%20geothermal%20energy
https://www.forbes.com/sites/ianpalmer/2022/05/19/an-enhanced-geothermal-system-uses-oil-and-gas-technology-to-mine-low-carbon-energy-part-2/?sh=2d22522cb500
https://www.forbes.com/sites/ianpalmer/2022/05/19/an-enhanced-geothermal-system-uses-oil-and-gas-technology-to-mine-low-carbon-energy-part-2/?sh=2d22522cb500
https://apnews.com/article/geothermal-energy-heat-renewable-power-climate-5c97f86e62263d3a63d7c92c40f1330d
https://apnews.com/article/geothermal-energy-heat-renewable-power-climate-5c97f86e62263d3a63d7c92c40f1330d
https://www.energymonitor.ai/tech/geothermal-can-provide-half-the-worlds-energy-quaise-energy-ceo/?cf-view
https://www.energy.gov/eere/geothermal/enhanced-geothermal-shot
https://www.energy.gov/sites/default/files/2023-01/enhanced-geothermal-shot-faq_012023.pdf

	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page



