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Over a decade ago, U.S. policymakers lamented a new kind of Sputnik dilemma: Chinese 
companies could dominate the production of technologies essential for a clean energy 
future, leaving U.S. industry playing catchup.1 Today, such alarms ring loudly. Chinese 
firms produce nearly 60 percent of electric vehicles (EVs), 70 percent of wind turbine 
nacelles, and 80 percent of solar modules, battery cells, and key processed minerals, and 
they have a significant lead on new nuclear power and green hydrogen.2 This degree of 
geographic concentration surpasses modern analogs: even at the height of the Organization 
of the Petroleum Exporting Countries, the oil cartel supplied just over half of the global 
crude market.3 And yet China’s deployment of these technologies is promising news for the 
objectives of wrangling carbon emissions by narrowing some global manufacturing gaps to 
reach net-zero goals and of prompting the world’s largest net emitter to potentially plateau 
emissions in 2024, six years ahead of Beijing’s stated plans.4 But in the long term, Chinese 
products flooding the global market risk rendering the United States a hydrocarbon super-
power in an era moving toward minerals, machinery, and electrons.5 Clean energy systems 
are not merely keys to a stable climate; they are geostrategic products that will define the 
future of industrial and technological power.

While the United States has responded to this challenge with unprecedented industrial 
policy, many of these policy incentives have sought to recreate the vast supply chains that 
Chinese firms continue to dominate; since the launch of Western green industrial efforts, 
some of Beijing’s mineral and clean tech lead has only increased.6 Building on this industrial 
strategy, the United States—in conjunction with its allies—should concentrate on accel-
erating leapfrog technologies capable of circumventing present supply vulnerabilities and 
drive cost-competitive alternatives in less saturated sectors. While Washington’s unleashing 
of subsidies and tariff hikes could arguably be necessary first steps to incubating a domestic 
industrial base, they risk technological complacency and do not guarantee that U.S. firms 
will innovate, let alone leap ahead. Recent innovation policy developments are a clear step 
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in the right direction, but going forward, they should be prioritized and accelerated. If the 
United States is to genuinely embrace industrial policy as its direction of travel, then inno-
vation should be a central tenet—not a peripheral consideration. To do so would preserve 
the United States’ role in future energy security while fostering a U.S.-China relationship 
more beneficial to climate mitigation: one of competitive cooperation in lieu of industrial 
mercantilism.

The United States is well-positioned to rise to the challenge. The nation already hosts a 
rising new industrial base in sectors including advanced batteries, geothermal energy, grid 
and storage technologies, as well as low-carbon heavy industry. Across these industries, 
start-ups are raising institutional investment and leveraging domestic know-how in areas 
like nanotechnology and oil and gas drilling to advance new processes that could put U.S. 
industry at the frontier of some clean energy markets. Future policy should capitalize on 
these strengths and focus on technologies that offer scalability with existing labor forces, 
material reduction with resilience implications, and opportunities of comparative strength to 
develop globally competitive, low-carbon industries. But many of these technologies will not 
leap into the market on their own: they will require further efforts to derisk investment and 
drive next-generation advancements to compete with established products—both at home 
and abroad. The rest of this piece examines the strategic value of emerging energy systems 
and industrial processes and then investigates domestic and international incentives for their 
deployment. 

 Leapfrog Opportunities 
New technologies domiciled in the United States have the potential to alter dynamics in 
clean energy and traditional industrial sectors (see figure 17). One baseline metric is the gap 
between a sector’s current production levels and what levels are needed to achieve global 
net-zero emissions by 2050, where a low gap would imply that goals are within reach and a 
high gap signifying a significant distance. Of core importance are next-generation systems 
that can displace an incumbent technology and its supply risks; lesser importance is assigned 
to technologies that enhance a potential market or simply reduce carbon emissions from 
an industrial process that can be reliably produced in the United States with conventional 
fuels. Lastly, the analysis includes an estimate of how close that technology is to being 
commercialized. All these U.S.-domiciled technologies are being developed by companies 
that have raised at least series A equity or that are part of a prominent corporation. The list 
is non-exhaustive and does not include enabling technologies to enhance manufacturing 
of incumbent systems aside from some in the critical minerals sector that offer impactful 
breakthroughs for chemical production. Further, this research does not claim that these 
technologies are destined for commercial viability; however, it maps how and where they 
could prove leverageable to support domestic resilience and competitiveness, as well as global 
climate goals.
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Sector Gap to 
Net-Zero

Sectors  
Impacted

Next-Generation
Technology

Catalytic Impact
on Resilience

Commercial  
Proximity

Critical Minerals Medium

Direct lithium extraction High Medium-High

Battery recycling Medium High

Advanced processing and materials High Medium-High

Permanent Magnet Medium Iron nitride magnets High Medium

Battery Low

Lithium-sulfur batteries High Medium

Lithium-metal batteries Medium Medium

Silicon anode batteries Low-Medium Medium-High

Stationary Storage Low

Sodium-ion batteries High Medium-High

Iron-air flow batteries High High

Nickel hydrogen batteries High High

Zinc bromine batteries High High

Geopressured geothermal system High Low-Medium

Power Grid Medium

Advanced conductors Low High

Dynamic grid management Low High

Distributed energy integration Low High

Solar Low Perovskite solar cell Medium Low-Medium

Wind Low Floating offshore wind turbines Low Low-Medium

Geothermal Medium

Enhanced geothermal systems High High

Advanced geothermal systems High Medium

Super hot rock geothermal systems High Low-Medium

Nuclear Medium
Fusion High Low

Generation IV fission Medium Low-Medium

Clean Hydrogen Fuels Medium

Photocatalytic High Low-Medium 

Pyrolytic Medim High

Geologic High Low-Medium

Clean Heat High

Molten salt batteries Low High

Thermal batteries Low High

High-temperature heat pumps Low Medium

Cement High

Electrochemical Low High

Material substitution Low Medium-High

Biomimetic Low Medium

Steel High

Molten oxide electrolysis Low Medium-High

Electrochemical Low Medium

Laser diode Low Low 

Hydrogen-direct reduced iron Low Medium-High

Sustainable Aviation Fuels High

Fischer-Tropsch Low Medium-High

Carbon re-utilization Low Medium

Alcohol-to-jet Low Medium-High

Figure 1. U.S. Next-Generation Energy and Industrial Technologies Have Varying Potential

Notes: The gap to net-zero emissions refers to different ranges including low (0–249%), medium (250–999%), and high (1,000%+). In the case 
of catalytic impact on resilience, low means reduced emissions or enhanced legacy technology with no resilience impacts, medium means new 
technology that enhances sector growth and displaces some supply chain risks, and high means new technology that displaces incumbent tech-
nology and reduces all supply risks. In the context of commercial proximity, low means that a technology is in early stage R&D, medium means 
that a technology is at the pilot stage, and high means that a technology has begun deployment or scheduled to start commercial-scale demon-
stration or factory production (a low-medium score could imply firms are beginning to develop a pilot facility or that multiple firms developing 
the same technology are observed between the low and medium stages). All technologies are in reference to U.S. domiciled companies. 

Source: Author’s analysis, “Gap to Net Zero” based on Allen et Goldman, Johns Hopkins Net-Zero Industrial Policy Lab via data from 
BloombergNEF, International Energy Agency, WoodMackenzie.

Power Mobility Defense Industry AgricultureHeating Consumer Electronics
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These technologies have different degrees of importance that indicate where opportunities 
and strategic gains could emerge. For example, a low gap to net-zero emissions, as seen 
with solar technologies and batteries, implies that Chinese production capacity is already 
highly saturated, meaning that correlated leapfrog opportunities would prioritize domestic 
supply resilience, not necessarily climate goals (although both advanced batteries and solar 
could yield positive and unforeseen energy transition impacts). Other sectors like hydrogen, 
nuclear power, geothermal, permanent magnets, and critical minerals have moderate gaps 
to net-zero production but also yield varying degrees of high potential to displace legacy 
systems and unlock new sources of clean power, heat, fuels, and products. The hard-to-abate 
sectors like cement, steel, and aviation fuel present high gaps to net-zero goals but with 
low implications for resilience. US domiciled technologies that have a higher proximity to 
commercialization—such as advanced grid, storage, heavy industry, mineral processing, 
and some geothermal—require market incentives to help their pathway to adoption. Those 
that rank low to medium on proximity to commercialization—including advanced solar 
cells, nuclear reactors, and some next-generation hydrogen and geothermal techniques—will 
require policies like funding for R&D and piloting. 

Batteries and magnetic motors are decisive technological frontiers for energy security. They 
are key demand drivers for critical minerals and essential elements of products like EVs, 
consumer electronics, robotics, and defense systems. Given these widespread applications, 
they are the most consequential energy transition technology for macroeconomic stability 
and national security, but both come with severe U.S. supply chain risks. Magnetic motors 
require rare earth oxides and lithium-ion batteries require spherical graphite, China’s most 
significant mineral choke points and targets of Beijing’s export controls.8 

Some U.S. companies are working to circumvent these risks by developing batteries and 
magnets that do not require these geopolitically precarious minerals. One U.S. company 
developing magnets without rare earth elements is piloting its technology, while other, 
earlier-stage start-ups have yet to raise the investment that would qualify for this analysis.9 
Multiple battery firms are working to replace graphite from lithium-ion batteries—the 
largest component by volume of the battery—with more resilient materials that can support 
a greater driving range.10 Firms using silicon-graphite blends and eventually pure silicon to 
replace graphite likely lead on commercialization, but those using lithium metal could yield 
the highest impact on resilience and the greatest cost reductions. In cases like lithium-metal 
sulfur batteries, lithium is the only critical mineral required which reduces material expenses 
and geopolitical risks (this specific breakthrough technology is in the early stages of research 
in Chinese labs and is a unique area of potential U.S. technological advantage).11 In either 
case, some silicon and lithium-metal designs can utilize existing battery factory machinery 
that could expedite pathways to commercialization.12

U.S. battery technology is well positioned to leap ahead. By 2030, Chinese industry is 
expected to retain two-thirds of incumbent battery production but only control one-third 
of these next-generation technologies - providing an opening to increase US market share of 
new chemistries.13 These dynamics have not gone unnoticed. Recently, Beijing issued new 
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funding for next-generation batteries while Chinese industry has formed a collaborative 
between industry, government, and researchers to advance these technologies.14 Such an 
opportunity and subsequent policy responses from China reinforce why it is important that 
the United States focus on the next generation of products where its industry stands a chance 
at competing, especially on batteries that mitigate China’s mineral lead (see figure 2).

This shift toward lithium-metal batteries could be reinforced by the United States’ emerging 
ability to produce lithium—an example of the types of next-generation technologies in the 
critical minerals sector, the backbone of the energy transition. The United States is well-po-
sitioned as a leader in direct lithium extraction, which efficiently separates lithium from 
oilfield brines, geothermal plants, and salt flats. With direct lithium extraction in the United 

Figure 2. New Battery Tech Could Boost Efficiency and Mineral Security

Note: Figure 2 does not include volumetric energy density where lithium-sulfur yields a lower range than silicon or 
lithium �metal anode. Some U.S.-based silicon anode firms will deploy stage 1 products with a high blend of silicon in 
graphite anodes �and have goals of manufacturing pure silicon products in the future. Supply chain risk and commer-
cial ranking are based on �the catalytic impact and commercial proximity analysis from Figure 1. 

Source: Authors’ analysis based on energy density data from the Volta Foundation, mineral demand for incumbent 
�chemistries from Cheng et al., and next-generation chemistries from company reports. See “The Battery Report 
2023,” �Volta Foundation, January 2024, https://volta.foundation/battery-report; Anthony Cheng et al., “Electric 
Vehicle Battery �Chemistries Affect Supply Chain Disruption Vulnerabilities,” Nature Communications 15 (2024) 
https://www.nature.com/�articles/s41467-024-46418-1#:~:text=The%20primary%20lithium%2Dion%20cath-
ode,identified%20in%20studies%20of�%20mineral.; and “Debunking the Myth of Solid-State Batteries,” SES, Febru-
ary 8, 2024, https://ses.ai/debunking-the-�myth-of-solid-state-batteries/; “Lithium Iron Phosphate on the Quan-
tumScape Solid-State Lithium-Metal Platform,” �QuantumScape, September 7, 2021, https://www.quantumscape.
com/resources/blog/lithium-iron-phosphate-on-the-�quantumscape-solid-state-lithium-metal-platform/; Dominic 
Lynch, “Lithium-sulfur Batteries are One Step Closer to Powering the Future,” Argonne National Laboratory, January 
6, 2023, https://www.anl.gov/article/lithiumsulfur-batteries-are-one-step-closer-to-powering-the-future.
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States getting underway, some facilities were backed by government funds while others were 
the result of an industrial synergy between oil and gas, geothermal, downstream chemical, 
and legacy lithium producers.15 Further downstream, multiple start-ups are pioneering 
techniques to process minerals and produce materials more effectively without the toxicolog-
ical and hydrological costs associated with refining. While these systems offer an avenue to 
leap ahead of China’s mineral processing technology, they are starting to advance from the 
pilot stage, and some of them are struggling to scale amid challenging financial conditions 
and a lack of market structures that internalize their sustainable added value.16 The nation is 
following in China’s footsteps by developing battery recycling hubs, but these systems will 
only be complementary to the world’s ever-growing mineral demand and will not impact 
primary supply until the 2040s.17 For many energy transition metals like copper, zinc, silver, 
and nickel, there is no supply-side, leapfrog solution to supersede mining. 

Despite the nation’s lagging deployment of new transmission lines and production for grid 
equipment like transformers, U.S. industry is well-positioned in technologies for advanced 
power grids and energy storage that will propel long-term electricity decarbonization and 
stability.18 An array of companies will soon start mass-producing batteries for grid storage 
without the aforementioned metals and with significantly higher storage times; conventional 
lithium-ion batteries can economically store four to six hours of power, while these new 
systems offer twelve hours—if not days—of storage capacity.19 Some of these storage systems 
could prove competitive against incumbent lithium-ion technologies in particular markets.20 
An impressive roster of firms can enhance the capacity and effectiveness of the power grid 
itself by upgrading power lines, implementing advanced monitoring systems, and connecting 
smart-grid software for end users. While these technologies offer low catalytic resilience to 
replace the incumbent grid system, they promote domestic energy security through grid sta-
bility amid increasing climate stress, variable load, and growing power demand. 21 Although 
Chinese firms are also developing long-duration energy storage and advanced grid systems, 
U.S. industry’s competitiveness could be undervalued—especially in countries that share 
security concerns with having a Chinese presence in their domestic critical infrastructure.22 

A strong array of U.S. firms are developing next-generation technologies in the solar, wind, 
and nuclear sectors. Although these technologies could deliver varying degrees of impor-
tance for resilience and domestic energy transition goals, many are just beginning the pilot 
stage and may struggle to catch up, let alone compete, with Chinese industry in the global 
market. Solar photovoltaics are the fastest growing energy source globally and in the US, 
presenting substantial long-term potential.23 Several start-ups and US solar manufacturers 
are developing perovskite solar cells—a highly efficient next-generation technology poised to 
lower costs and expand deployment.24 But their market adoption is unlikely to displace con-
ventional solar cells, as the technology will need to be integrated with conventional panels, 
limiting its leapfrog potential.25 Further, U.S. industry is just beginning to pilot this technol-
ogy and could face significant challenges competing against Chinese industry’s dominance 
in perovskite patents, its lead on developing perovskite factories, and unparalleled stature in 
conventional solar manufacturing.26 
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There are no observed leapfrog technologies for the incumbent onshore wind turbine, but 
about two-thirds of the nation’s offshore wind potential could come from turbines in deep 
waters, known as floating offshore wind turbines.27 While there are multiple U.S. start-ups 
beginning to pilot innovative techniques to deploy floating offshore wind, the U.S. offshore 
wind industry is still nascent compared to those in Europe and China and has been strug-
gling to get off the ground.28 Although these systems can help decarbonize certain parts of 
the country, they yield little opportunity for resilience or competitiveness; floating offshore 
technology will require new infrastructure and will not be an area where U.S. industry can 
compete globally. World-leading Chinese wind players are already developing commercial 
floating projects at home with plans to expand in Europe, a historical leader of offshore wind 
development.29 These challenges are furthered by recent price trends of Chinese turbines 
being sold at increasingly lower cost than Western competitors.30 

A similar and perhaps more severe dynamic is emerging in the nuclear sector. Even with 
nonpartisan fiscal and regulatory support from Washington, next-generation nuclear reactor 
designs, including small modular reactors, are still at a nascent stage and are unlikely to 
come online until the 2030s in the United States, despite a world-leading roster of new reac-
tor designs by U.S. firms.31 By contrast, the Chinese began operating a small next-generation 
reactor in 2023 and are expected to begin commercial power generation from a second small 
modular reactor in 2026.32 Currently, Chinese industry is constructing the largest share 
of the world’s new reactors to satisfy domestic energy demand and will continue to pursue 
exporting its technology abroad.33 The strength of Chinese industry and its supply chains 
will make it difficult for the U.S. nuclear industry to compete, apart from foreign markets 
with aligned security interests (albeit on long-term time horizons).34 Further, it remains 
unclear if next-generation reactors are the industry’s technological future; many new reactor 
designs will require higher levels of enriched uranium fuels and robust levels of standardiza-
tion to achieve economies of scale.35 Fusion technology is further from commercialization, 
but is perhaps an area of parity between the United States and Chinese R&D, though the 
technology remains difficult to gauge over the long term.36 

Conversely, geothermal energy is the decisive sector where the United States can leapfrog 
ahead in the race for new power generation. Geothermal energy (extracting heat from the 
earth’s crust) was once constrained by limited access to high-temperature underground 
fluids, but today those barriers are breaking. U.S. oil and gas engineers have pioneered 
two new techniques to provide 24/7 clean power and expand national geothermal power 
generation potential 140-fold—roughly five times the nation’s entire installed power gen-
eration today (see figure 3).37 Over the long term, these systems will support decarbonizing 
the remainder of the power grid by offering flexibility to adjust output as needed alongside 
variable renewable energy sources.38 But in the near term, they are being deployed to power 
data centers as well as future projects for direct air capture facilities and U.S. military 
bases.39 Most importantly, the United States is home to a world-leading workforce and 
drilling service industry capable of rapidly scaling this technology, some of which are already 
cutting costs at faster rates than observed in the wind and solar sectors—which have yielded 
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transformative cost reductions.40 Despite some geothermal developments from a Chinese 
state-owned oil firm, the U.S. industrial advantage in drilling positions next-generation 
geothermal energy as an area where the United States can prove competitive globally. 41

U.S. technology is strategically positioned to decarbonize heavy industry, an asset to net-zero 
and climate leadership. Heavy industry—including the production of steel, cement, and 
chemicals—represents about one-third of global emissions, and those emissions are at risk 
of increasing amid positive decarbonization trends in the transportation and power sectors.42 
Despite this concerning outlook, some U.S. start-ups are developing new disruptive process-
es to produce low-carbon steel, cement, and chemicals. Other U.S. technologies decarbonize 
industrial heat through the likes of thermal batteries or high-capacity heat pumps. The 
United States will continue to be the global leader in carbon capture technology, which is 
increasingly utilized in the industrial sector, but no new leapfrog techniques were observed 

Figure 3. U.S. Geothermal Potential Exceeds Net Zero Power Demand

Notes: The graphic is listed in terms of installed capacity. Nameplate capacity by 2050 assumes about 4.5 terawatts 
of total �generation and 4 terawatts of wind and solar deployment. With a U.S. capacity factor of 25 percent for solar, 
35 percent for �wind, and 70 percent for geothermal, this would imply an even larger magnitude of next-generation 
geothermal potential �compared to necessary net-zero power generation. 

Source: Authors’ analysis based on data from the U.S. Department of Energy Loan Programs Office; the U.S. Energy 
Information �Administration; James et al, 2021; and BloombergNEF. See: “Charles Gertler and Michael O’Connor, 
”Next Generation �Geothermal Power Commercial Lift Off,” United States Department of Energy, 2023, https://liftoff.
energy.gov/next-generation-�geothermal-power/; “Electricity Generation, Capacity, and Sales in the United States,” 
United States Energy Information �Administration, 2024, https://www.eia.gov/energyexplained/electricity/electrici-
ty-in-the-us-generation-capacity-and-�sales.php#:~:text=At%20the%20end%20of%202022,solar%20photovolta-
ic%20electricity%2Dgeneration%20capacity.; �James et al., “Carbon Neutral Pathways for the United States,” AGU 
Advances 2 (2021): https://agupubs.onlinelibrary�.wiley.com/doi/10.1029/2020AV000284; and “Report Shows 
That Inflation Reduction Act Alone Won’t Set United States �on Track for Net Zero,” BloombergNEF, August 2, 2023,  
https://about.bnef.com/blog/report-shows-that-inflation-reduction-�act-alone-wont-set-united-states-on-track-for-
net-zero/#:~:text=BNEF’s%20modeling%20finds%20that%20the,from%�20288%20gigawatts%20in%202022.
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beyond incumbent solvent and sorbent processes (which have been regularly utilized and 
have failed to deliver cost-cutting results).43 Industrial decarbonization technologies pose 
the opportunity to corner export markets with carbon tariffs and diffuse these systems to 
developing countries with relatively low manufacturing costs but high risks of growth in 
industrial emissions. While clean industrial processes entail cost premiums that require  
support in their journey to market, U.S. industry actors are well-positioned compared to 
China. China only recently outlined industrial decarbonization goals and began hydro-
gen-based low-carbon steel projects, but is unlikely to possess the arsenal of analogous 
next-generation processes.44

To feed the production of low-carbon steel, fertilizer, chemicals, and sustainable aviation 
fuels, the United States could unlock new sources of hydrogen fuels. Tomorrow’s hy-
drogen economy will require clean and cheap molecules, but today’s hydrogen processes 
are far from that goal. Hydrogen from renewables uses large quantities of electricity to 
produce a high-cost product, while hydrogen from natural gas struggles to sufficiently 
abate emissions.45 One already-operational solution uses controlled heat to cleanly extract 
hydrogen from methane gas, producing EV tires as a bonus biproduct (similarly, one start-
up is seeking to produce graphite for EV batteries as a biproduct).46 Other firms are taking 
a wildcat approach by drilling the earth for deposits of hydrogen, which (if viable) could 
yield abundant and low-cost products.47 Although the United States and Europe maintain 
some global electrolyzer production—the incumbent machinery used to produce green 
hydrogen from renewables—China’s low-cost electrolyzers have left European industry 
in a panic over a potential future flood of cheap products.48 To leapfrog over electrolyzers, 
some industry actors are researching techniques that split water into hydrogen using direct 
sunlight without renewables or associated machinery, but it remains unclear if this process 
will deliver commercial results.49 

 Scaling the Innovation Machine 
These are some of the many advancements underway in the United States, but what unites 
them is the predicament of being at a pre-commercial stage. After several rounds of equity 
raising amid positive policy signals, some of these firms could be entering a precarious valley 
of death, especially those at later stages of development seeking financing for demonstration 
or a first-of-a-kind project.50 At present, many of the government grants to demonstrate 
next-generation technologies have been expensed while some investors have become cautious 
amid structurally elevated interest rates (see figure 4). Although global clean energy invest-
ment flows are annually increasing and are expected to reach $2 trillion this year—double 
those of fossil fuels—venture capital for North American climate tech has waned since 
peaking in 2021 (although clean energy-specific flows have may have proven slightly more 
resilient, peaking in 2022).51 Even though the number of climate tech deals as a percentage 
of venture capital remains strong, investment flows have dried up particularly for later-stage 
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Figure 4. Clean Tech Venture Capital Has Dried Up Amid High Interest Rates

Sources: Authors’ analysis based on data from PwC via Chartbook, and the U.S. Federal Reserve Bank. See: Emma 
Cox, �Will Jackson-Moore, et al., “How Can the World Reverse the Fall in Climate Tech Investment,” PwC, October 17, 
2023, �https://www.pwc.com/gx/en/issues/esg/state-of-climate-tech-2023-investment.html; and “Federal Funds 
Effective Rate,” �Federal Reserve Ban of St. Louis, 2024, https://fred.stlouisfed.org/series/FEDFUNDS.

start-ups hoping to start commercializing their technology.52 U.S. policy will now need to 
address these market dynamics by propelling its most impactful leapfrog technologies to 
market—all the while continuing to incubate new, disruptive systems.

Policymakers may not need to strive for another clean energy bill. Instead, they might 
choose to bolster these technological opportunities through a broader “innovation first” 
policy to enhance U.S. competitiveness across high-tech sectors. To do so could neutralize 
the partisan nature of the energy sector and address the macro-level challenge at large; amid 
Washington’s attempts to restrain Beijing’s technological advancement, Chinese innovation 
has only accelerated and the country has cemented its status as a “scientific superpower.”53 If 
the Inflation Reduction Act (IRA) and Infrastructure Investment and Jobs Act (IIJA) were, 
at least in part, responses to the supply chain shocks of the coronavirus pandemic and the 
Russian invasion of Ukraine, then a sector-neutral innovation agenda would be a fitting 
response to such tectonic shifts in technological power dynamics. Within this innovation 
framework, several policy principles for the energy sector are key: targeted demand drivers 
to pull mature technologies to commercial scale, coordinated technology hubs to incubate 
domestic know-how through continued demonstration, and an expansion of R&D policies 
to develop future innovations.
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Advancing near-commercial technologies to market requires targeted market-shaping mea-
sures that can be applied through existing legal frameworks. If the IRA is the blueprint for 
U.S. clean energy policy, then future legislation may consider updating this tax architecture 
when Congress deliberates tax reform at the end of 2025. The IRA has a technology-neutral 
tax credit for clean power that already includes bonus incentives for domestically manu-
factured renewables, and a similar bonus tax credit could be extended to next-generation, 
U.S.-made technologies like advanced nuclear, geothermal, or solar energy (an analogous 
bonus could be applied to the tax credit for stationary energy storage).54 Amid the absence of 
a domestic carbon tax, an IRA-style production tax credit could be leveraged for the clean 
industrial sector to reward emission reductions per unit of the material produced. Similar tax 
credits could incentivize advanced grid technologies, vital for decarbonization and domestic 
security. Such subsidies should be designed to sunset over time—much like Europe’s feed-
in tariffs—to ensure that industry organically cuts costs and does not become reliant on 
handouts. 

But even if the United States does not pass new legislation, certain facets of U.S. tax law 
could be amended at the department level to encourage the adoption of new technologies. 
As silicon and lithium-metal batteries begin to be commercialized, the U.S. Treasury 
Department might take more stringent measures against allowing Chinese graphite to be 
eligible for the IRA’s EV subsidies. This would, in turn, limit the number of incumbent 
graphite-based batteries eligible for tax breaks while expanding the competition for the 
disruptors to enter the market: lithium is highly IRA compliant, and some silicon firms are 
already sourcing their products domestically55 (enacting this policy, however, would require 
amending the IRA’s language to include silicon as a critical mineral, something that could be 
achieved by instead referencing the Department of Energy’s critical minerals list).56 Although 
this could temporarily slow the pace of EV sales, the trade-offs would benefit the accelera-
tion of better technology that could prove an asset to fully decarbonizing U.S. road trans-
port and potentially aviation.57 Policymakers could view this as a necessary course correction 
as the United States risks sleepwalking into spending over $150 billion in tax breaks and 
loans to onshore an incumbent battery technology (think of Blackberry factories at the dawn 
of iPhones and Androids).58 

The federal government should take a more stringent approach to domestic procurement by 
leveraging its purchasing power and market structures to bring next-generation technologies 
to market that boast the greatest long-term resilience. Already, the federal government has 
initiated offtakes for solar panels from the Department of Defense and EVs for government 
services.59 But committing federal funds to technologies that Chinese firms dominate—even 
if these technologies are produced in the United States—does not advance long-term U.S. 
competitiveness. Going forward, such contracts might prioritize products like the first wave 
of thin-film perovskite tandem cells, military drones, or federal vehicle fleets with lithi-
um-sulfur batteries and non–rare earth magnets, all of which open the door to phasing out 
Chinese-dominated supply chains. 
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In the power sector, the federal government can coordinate with states to act as subnational 
drivers of high-priority technologies too. The New York state government has offered 
subsidies for long-duration storage, a necessity for its climate goals.60 And while Colorado 
has issued incentives for geothermal projects, policymakers in Denver and other Western 
states should prioritize next-generation geothermal systems over incumbent hydrothermal 
systems.61 California is already deliberating an analogous measure.62 Similarly, the Public 
Utilities Commission of Nevada is weighing the approval of a “clean firm tariff” that would 
allow utilities to leverage the upfront costs of off-takers like data center developers to stim-
ulate demand for technologies like advanced nuclear energy, next-generation geothermal 
technology, and long-duration grid storage.63 If successful, this could be a model for other 
state and regional regulators to use as well. 

To support firms at the pilot stage, the federal government should expand sectoral inno-
vation hubs where firms can test their technology while protecting intellectual property 
(IP). The Department of Energy’s Utah FORGE project, which tests enhanced geothermal 
systems, could be expanded to include other innovative geothermal drilling techniques 
like closed-loop and superhot-rock systems, which are both comparatively further from 
commercialization but yield additional opportunity.64 In the nascent U.S. battery sector, the 
Department of Energy’s partnership with Stanford University has created a battery-testing 
facility, and similar sites might be dedicated for lithium-metal batteries near gigafactories 
across the Battery Belt like the Georgia Tech Advanced Battery Center, which researches 
solid-state technologies and is located in the state with the second-largest battery manufac-
turing capacity in the country.65 These hubs can serve as centers of economic and academic 
development, and are emerging organically and by design.66 The CHIPS and Science Act 
funded a mineral processing hub in Missouri and a battery recycling hub in Nevada, while 
in the state of Washington a group of silicon-anode battery companies have partnered with 
local universities for workforce development.67 As regions become epicenters of technology 
deployment—including direct lithium extraction in Arkansas, floating offshore wind turbines 
in California, and clean hydrogen in Texas—local hubs might be leveraged as places to test 
next-generation systems, resulting in transferrable expertise to similar projects across the 
country.68

In 2025, Congress is slated to reauthorize the Energy Act, creating opportunities to preserve 
the role of new Department of Energy agencies essential to providing continued funding to 
help leapfrog firms. While the IIJA authorized the Office of Clean Energy Demonstrations 
(OCED) to oversee hydrogen and direct-air-capture hubs, the Department of Energy’s 
recently initiated Office of Manufacturing and Energy Supply Chains (MESC) was a 
partisan creation to oversee the development of batteries and other important industrial 
supply chains. To galvanize nonpartisan buy-in, both offices could be authorized under the 
specific mandate to bolster U.S. resilience and future competitiveness: MESC’s authorization 
could mandate the office as a central nervous system for the Department of Energy’s supply 
chain agenda and the name could be subject to nonpartisan alteration, perhaps changing to 
something like the Office of Supply Chain Security. 
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Doing so could preserve internal knowledge of domestic industry while ensuring the office’s 
long-term funding potential, which is essential to derisking demonstration and first-of-a-
kind projects amid a more modest growth market. Although the BIL granted $8 billion 
for hydrogen hubs and analogous sums to next-generation nuclear and direct-air-capture 
technologies, OCED’s reauthorization should remediate the imparity left on the geothermal 
industry, which received only $84 million to demonstrate projects.69 OCED’s reauthoriza-
tion could set a similar spending contribution for next-generation geothermal hubs compara-
ble to those observed in other sectors. MESC’s future grants should continue at their current 
scale to help later-stage projects, but they should also include smaller grants to critical supply 
chains at an earlier stage seeking pilot demonstration funding—arguably a gap in U.S. tech-
to-market funding.70 For example, next-generation batteries will require new materials, like 
solid electrolytes or lithium metal, all of which are logical areas to prepare the U.S. supply 
chain to develop further. 

But once new ventures have made it to market (or failed trying), additional support will be 
needed to incubate new, early stage technologies. In reauthorizing the Energy Act, Congress 
might also consider expanding the budget and role of the Advanced Research Projects 
Agency-Energy (ARPA-E), which was designed to take on high-risk, high-reward projects 
and has proven a success. After $3.8 billion in R&D funds, the program has triggered over 
$12 billion in follow-on private financing and the formation of over 150 new companies.71 
Both academics and past program directors have made the case for bolstering ARPA-E’s 
budget, but annual funding is still a fraction of the agency’s counterparts in the health and 
defense sectors despite increasing over the past decade.72 For context, the agency’s 2024 
budget was lowered to $460 million, a mere 0.22 percent or so of total U.S. annual public 
R&D expenditures. In general, combined R&D spending in the United States for energy, 
transportation, and natural resources is lower than that in health or space (see figure 5).73 
An expanded budget could help ARPA-E expand its SCALEUP program which helps new 
technologies commercialize.74 It could also expand funding to sectors which have received 
comparatively less government R&D funding like advanced solar cells and superhot-rock 
geothermal technologies.

Beyond departmental authorizations, Congress can leverage tax structures in next year’s tax 
package to spur corporate innovation, the primary provider of R&D funds in the United 
States.75 Washington will need to contend with Beijing’s innovation-friendly tax regime, 
which includes a 10 percent increase for all R&D in 2024 and an R&D super deduction 
that allows firms to write off up to 200 percent of relevant expenses.76 By contrast, U.S. 
policy has backtracked on innovation-centered tax incentives. Corporate tax cuts from 2017 
mandated that R&D expenses be amortized over a five-year period instead of filed that 
year, which muted the tax break’s impact.77 Allowing companies to expense R&D costs the 
year of expenditure might encourage innovation, especially in energy start-ups struggling to 
survive with smaller cashflows and larger R&D expenses.78 For larger firms, carrots are not 
the only opportunity to guide policy. Some assert that the rise of stock buybacks has come at 
the expense of internal R&D funding, and sticks might be leveraged to push larger firms to 
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invest in their long-term competitiveness in addition to short-term stock evaluation.79 Large 
companies could be required to spend a minimum portion of their revenue on R&D before 
they can buy back stocks (or, perhaps, failing to meet a quota could merit a penalty). 

 Small Yard, Green Gate
To help unleash this catalytic clean energy ecosystem, the United States can strike a 
balance between proactively protecting IP while not stifling collaboration with allies or 
opportunities in foreign markets. Policymakers could view foreign policy pathways for 
these leapfrog technologies within two existing frameworks based on technological prox-
imity to commercialization. For earlier-stage technologies like next-generation batteries, 
solar, magnets, hydrogen, and nuclear energy, diplomacy for science may be prioritized 
with foreign laboratories and universities to spur domestic know-how and incentivize 
cross-border discovery.80 Technologies that are closer to reaching the market like advanced 
grid, storage, geothermal, and industrial systems are areas where trade and foreign devel-
opment agencies should seek to build a durable export market and related opportunities to 
promote green industrial growth abroad. 

Figure 5. Combined R&D Funding for Energy, Transportation, and � 
Resources Trails Behind

Source: Authors’ analysis based on data from the National Science Foundation. See: Federal R&D Funding by Budget 
Function: �Federal Funding for R&D and R&D Plant, by Budget Function: FYs 1955-2024, Table 24,” National Science 
Foundation, �https://ncses.nsf.gov/data-collections/federal-budget-function/2022-2024#key-data-tables.
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There is strength in numbers. To balance the astounding growth of Chinese research, the 
United States should continue to engage in joint-research endeavors with its partners.81 
Bilateral and minilateral R&D efforts should target high-priority leapfrog sectors where U.S. 
know-how can be strengthened through the U.S. national labs. South Korean companies 
rank second to China in global battery production82 and the Korea Institute of Science and 
Technology recently announced joint research with its American counterparts for solid-state 
battery development.83 Similar projects might be pursued with Canada and Finland, known 
for advanced mineral processing know-how, a concerning gap in the U.S. labor market.84 
Other collaborative R&D projects could be pursued in areas of mutual discovery like 
geologic hydrogen, where Australia and France have identified deposits and are studying this 
potential.85 Although the United States has backed R&D collaborations with Japan and the 
United Kingdom for nuclear fusion, policymakers could consider mimicking this approach 
with superhot-rock drilling, an equally impactful potential breakthrough that could unlock 
abundant geothermal resources.86 Kenya and Iceland have analogous efforts underway.87

The United States should also pursue R&D and commercial collaboration in multilateral 
forums that have long-term, nonpartisan buy-in like the Quadrilateral Security Dialogue 
(Quad), which includes India, Japan, and Australia—all countries tentatively aligned on 
China policy. The Quad has broadly outlined R&D collaboration and clean energy coordi-
nation.88 Next-generation solar could be an area of focus with Japan prioritizing perovskite 
solar cells under its Green Innovation Fund, while Australia and India develop domestic 
PV manufacturing (and India could rank as the world’s number-two producer later this 
decade).89 In addition to South Korea, Quad countries are the essential actors in a non-Chi-
nese solar supply chain, and ensuring that perovskites are integrated into this market will be 
important to maintaining some semblance of technological parity with Chinese producers. 
Other areas might include critical minerals where Australia’s renowned reserves and mining 
industry, Japan’s legacy battery industry, and India’s ambitions to be a player in processing 
could prove an avenue for the United States to deploy its advanced mineral processing IP.90

For leapfrog technologies that are closer to commercialization, the U.S. federal government 
should begin leveraging its various diplomatic trade arms to facilitate export markets and 
technology diffusion. These include the U.S. Trade and Development Agency and the 
International Trade Administration for promoting exports as well as the U.S. Export-Import 
Bank and the International Development Finance Corporation for deploying capital. As 
has been done in the semiconductor space, policymakers should define which security and 
multilateral bodies are most suited for diffusion and in which sectors (see figure 691). 

For more sensitive, dual-use technologies, Washington may embrace promoting the manu-
facturing of these advancements to allies once they are established in the U.S. market. For 
example, if the United States commercializes batteries and magnetic motors that do not 
require Chinese-dominated minerals, it is in the United States’ interest to disseminate those 
technologies to allies who face analogous supply risks—so as to challenge the global impor-
tance of Beijing’s mineral empire. Long-duration grid batteries and correlated advanced grid 
technologies might be prioritized for export markets with high renewable-energy penetration 
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Figure 6. U.S. Clean Energy Pacts Span Aligned and Non-Aligned Countries

Notes: Intensity of countries with U.S. clean energy pacts is weighted by the number of sectors covered in the  
arrangement. This map is illustrative; boundaries, names, and designations used do not represent or imply any  
opinion on the part of �Carnegie or the authors. Dotted lines represent approximate disputed boundaries and  
contested territory. 

Source: Author’s analysis based on information from the U.S. State Department Bureau of Energy Resources, � 
U.S. Department of Energy Office of International Affairs.

like Chile, Spain, Germany, India, and Australia, and also countries willing to pay a security 
premium to avert Chinese involvement in their critical infrastructure (bans on Huawei’s 
network equipment could be a metric to gauge such appetite).92 Over time, advanced nuclear 
reactors could be deployed in countries with aversion to Chinese or Russian nuclear indus-
try. The United States has promised a small modular reactor to Romania.93

For next-generation geothermal and industrial decarbonization, which are closer to commer-
cialization and do not pose inherent security advantages, policymakers might prioritize trade 
and export strategies outside of security-aligned countries. Even though the United States is 
a leader in low-carbon cement or steel start-ups, it is not necessarily in the country’s econom-
ic interest to become a world-leading producer of low-carbon materials. Over time, as green 
premiums decrease, these technologies should be actively diffused through joint ventures 
in markets on the cusp of construction and emissions growth like India and countries in 
sub-Saharan Africa.94 Positive trends of this sort are already underway in the next-generation 
geothermal sector where U.S. trade delegates have paved the way for early developments 
in Kenya and the Philippines alongside local industry.95 Similar projects might be pursued 
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in countries with existing geothermal industries like Turkey and Indonesia as well as with 
state-owned oil and gas companies seeking diversification. Those in Colombia and Brazil 
have already signaled interest.96 

 Politics Is the Mother of Invention
Beyond all the necessary domestic and foreign policy mechanisms, the clearest means of 
ensuring that leapfrog technologies reach the market is through long-term demand certainty. 
But in the American market, securing long-term demand for these technologies is not only a 
question of fiscal expenditures, IP law, or innovation incentives—it is a question of poli-
tics. Amid today’s seemingly intractable bipartisan divisions, the left and right must forge 
consensus that accelerating U.S. energy innovation is in the best interest of the country’s 
geostrategic goals and planetary boundaries. Part of this may entail that both sides concede 
on areas of discomfort: the right may need to accept a higher-level of risk tolerance and 
make peace with some government-backed energy start-ups failing; the left could loosen 
environmental permitting criteria to cut red tape and expedite the deployment of next-gen-
eration advancements. If Washington fails to find common ground and unleash its clean 
technology potential, it may render the nation an oil-and-gas laggard amid transformational 
shifts in energy systems, paving the way for China to be the green energy cartel of the 
future and subsequent arbiter of global climate solutions. But if the United States succeeds, 
it will unlock a new era of industrial and technological competitiveness to the benefit of the 
country and future of the planet alike.
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