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In this Report 

The Biden Administration has made climate action and the clean energy transition national priorities. 

Galvanized by several federal Executive Orders (E.O.), including E.O. 14008, Tackling the Climate 

Crisis at Home and Abroad; E.O. 14017, America’s Supply Chains; and E.O. 14057, Catalyzing Clean 

Energy Industries and Jobs Through Federal Sustainability, America’s clean energy transition is 

underway. Climate and energy security remain at the forefront of U.S. foreign policy and national 

security and both the National Security Strategy (NSS) and National Defense Strategy (NDS) firmly 

establish energy resilience as key components of U.S. national security. Congress has also passed key 

pieces of legislation like the Inflation Reduction Act (IRA), the Infrastructure Investments and Jobs 

Act (IIJA), and the CHIPS and Science Act that have sent important signals to public institutions and 

private industry to pivot away from fossil fuels to create a new domestic clean energy system. 

To better understand the dynamics of the clean energy transition and their relationship to energy 

security and national security, ASP developed the Innovating Out of the Climate Crisis series, which 

focused on five industry case studies in the energy ecosystem: electrification, hydrogen, carbon 

emissions, agricultural technology, and hard to abate energy sectors. Through a series of webinars and 

written publications, ASP identified challenges, opportunities, and potential policy and regulatory 

remedies that can help implement clean energy policies, foster innovation, and facilitate a durable 

clean energy transition.   

 

 

 

 

 

 

 

 

IN BRIEF 

 

 

 

 

 

 

 

 

• China dominates the clean energy supply chain—from mining and refining rare earth elements 

and critical minerals, to battery and solar panel production. It has invested nearly four times as 

much as the U.S. in clean energy. To maintain U.S. economic competitiveness and enhance 

energy and national security, the U.S. must develop robust research, development, and 

demonstration (RD&D) funding and programming which foster innovation that can move 

quickly from lab to market.  

• The benefits of transitioning to 100 percent renewable power generation in a clean energy 

economy could top $1 trillion and have widespread benefits for public health, the environment, 

and U.S. national security that would far exceed the up-front investments needed to facilitate 

the transition. By expediting the clean energy transition, the U.S. can reinvigorate its industrial 

base, enhance its national and energy security, and emerge as the global leader in the clean 

energy economy.  

• IRA, IIJA, CHIPS and Science Act, and the Defense Production Act provided critical funding, 

signals, and market security for private industry to invest the market capital required conduct 

critical research, development, and demonstration (RD&D) activities for the clean energy 

transition.  

• Additional actions, such as providing robust RD&D funding, updating transmission permitting 

standards, and facilitating private sector investments can expedite the clean energy transition 

and enhance U.S. energy security.  
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National Security and the Clean Energy Transition 
The U.S. government has linked climate change and national security since the 1990s,1 acknowledging that the 

changing climate presents an array of national security risks, ranging from recurring humanitarian emergencies 

and large-scale migration to political instability and degraded military readiness. Both the 2010 and 2014 

Quadrennial Defense Reviews2 3 enshrined climate change in defense and security lexicon as a threat multiplier, 

defining how climate challenges, including energy, pose a risk that compounds existing threats and hazards to 

create multidimensional security challenges.  

In 2021, President Joe Biden went one step further with Executive Order 

14008 and put the climate crisis “at the center of U.S. foreign policy and 

national security.”4 Since then, more than 20 federal agencies have produced 

climate and sustainability plans that place energy use, security, and 

sustainability at their core. Both the National Security Strategy (NSS) and 

National Defense Strategy (NDS), as well as each of the military service 

branch climate plans, highlight energy resilience as a critical component of 

national security, lethality, and operational effectiveness.5  

The military is already making concerted efforts to enhance resilience and 

mitigate greenhouse gas emissions in its day-to-day operations by adopting 

climate and energy-friendly actions such as non-tactical hybrids and electric 

vehicles (EVs)6 and building installation microgrids.7 The Army alone has 

950 renewable energy projects underway today, and 25 installation 

microgrid projects scoped and planned through 2024—all of which support 

the Army’s goal of building a microgrid at every base by 2035.8 Likewise, 

the Department of the Air Force Climate Action Plan lists “Optimiz[ing] 

Energy Use and Pursu[ing] Alternative Energy Sources” as one of its three priorities necessary to build enduring 

advantages, reduce costs, and bolster resilience.9 Moreover, the Department of the Navy’s Climate Action 2030 

plan points to its long history of transitioning to cleaner forms energy as a central way to limit adverse impacts 

of climate change, combining innovation with efficiency to meet mission requirements.10 And the 2021 

Department of Defense (DoD) Climate Adaptation Plan highlighted the Army’s 2019 innovative “smart energy” 

technology demonstration during an exercise that has the potential to reduce fuel waste, improve operational 

effectiveness, and enhance interoperability as a notable accomplishment for the defense enterprise.11 

The Defense Innovation Unit (DIU) is also spearheading numerous projects focused on energy efficiency and 

subsequently reducing cost. As Dr. Andrew Higier, DIU’s Energy Portfolio Director, recently put it, “DoD views 

energy resilience as a real-world operational problem that not only needs to be solved but has the potential to save 

money and lives.”12 

Climate and energy have also become critical issues in U.S. relationships with its two primary strategic 

competitors: Russia and China. The U.S.-China relationship, perhaps more than any other bilateral relationship, 

has the capacity to shape the balance of this century. The NDS describes China’s efforts to remake the 

international system to better suit its “authoritarian preferences” as “the most comprehensive and serious 

challenge to U.S. national security.”13 At the same time, China and the U.S. are, respectively, the first- and second-

largest annual greenhouse gas emitters,14 meaning there is no solution to climate change that does not involve the 

two countries. Climate advocates in both capitals have historically worked to isolate discussions on climate 

change from routine diplomatic relations,15 but climate change and clean energy are increasingly omnipresent.  
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For the last several decades, China has worked to position itself at the apex of the emerging clean energy economy. 

Chinese firms already dominate the full battery supply chain, including 90 percent of mining and refining essential 

rare earth elements,16 most of the battery manufacturing and recycling, and it will control some 65 percent of the 

lithium-ion battery market by 2025. Likewise, Chinese firms control more than 80 percent of the solar panel 

manufacturing process, from components to finished products, and are projected to control more than 95 percent 

in the coming years.17 This level of market concentration—especially in the critical minerals industry—is a 

significant security risk for the U.S. According to the U.S. intelligence community, Beijing intends to “increase 

global supply chain dependencies on China, with an aim of controlling key supply chains and being able to use 

those supply chains to threaten and cut off foreign countries during a crisis.” 

Unlike China, which has focused its efforts on dominating the energy supplies of the future, Russia’s energy 

power remains in legacy fuels, particularly oil and gas. Prior to its 2022 invasion of Ukraine, Russia accounted 

for more than 10 percent of global oil exports, much of which went to Europe.18 It was also the world’s largest 

exporter of natural gas and a dominant supplier to the European Union; prior to the war, it accounted for 45 

percent of European gas imports.19 Though Russia had been a reliable supplier through previous relationship 

hiccups, American policymakers regularly warned their European counterparts about the dangers of overreliance 

on a single supplier. It was only in 2022, as Russia throttled back gas deliveries20 and Europe faced blistering 

political pressure to cut oil imports in response to Russia’s invasion of Ukraine,21 that the national security risks 

burst from the theoretical to the real.  

U.S. officials, alert to the risks of politically motivated disruptions in both 

current and future energy technologies from these two strategic competitors, 

have been studying ways to diversify American energy supply chains to 

enhance national and energy security. In response to E.O. 14017, America’s 

Supply Chains, the Department of Energy (DOE) published America’s 

Strategy to Secure the Supply Chain for a Robust Clean Energy Transition.22 

Released, coincidentally, on the same day that Russia launched its full-scale 

invasion of Ukraine, the strategy assesses the current domestic energy sector 

industrial base and the steps the United States can take to maximize 

opportunities across the sector. These include developing new domestic raw 

material resources; developing manufacturing capacity; forming reliable 

foreign supply chains; increasing clean energy adoption; and building a clean 

energy workforce. 

As the DOE strategy implies, the clean energy transition will have profound 

impacts on the economy and U.S. economic competitiveness. Private sector 

clean energy investment broke records in 2022, with investments in the U.S. alone rising 11 percent to $141 

billion.23 Federal policy will bolster this trend; according to one independent analysis, provisions in the IRA and 

IIJA can generate an additional 900,000 net jobs by 2035 and, with additional federal policies and domestic clean 

energy manufacturing technologies, could provide up to an additional net 5.7 million jobs under a net-zero 

emissions pathway.24  

In short, by expediting the clean energy transition, the U.S. can reinvigorate its industrial base, enhance its national 

and energy security, and emerge as the global leader in the clean energy economy.  
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Key Federal Legislation and Activities 
Acknowledging the central role energy and climate play in national security, the Biden Administration issued 

several determinations that are guiding the U.S. clean energy transition. As noted above, E.O. 14008 put the 

climate crisis “at the center of U.S. foreign policy and national security,”25 ensuring that it would be a prominent 

consideration in national security decision-making. E.O. 14017 ordered a federal review of domestic 

manufacturing and energy supply chains, with a view to making critical supply chains resilient, competitive, and 

aligned as much as possible with allies and partners.26 And E.O. 14057 leverages the government’s purchasing 

power to accelerate a full transition to 100% carbon free electricity.27 In addition, in 2022 the Biden administration 

invoked the Defense Production Act (DPA) to accelerate domestic production in five key energy areas, (1) solar; 

(2) transformers and electric grid components; (3) heat pumps; (4) insulation; and (5) electrolyzers, fuel cells, and 

platinum group metals, to stimulate the domestic energy enterprise.28 

Congress also passed three major federal laws that provide more than $900 billion in funding for clean energy 

related programs, projects, infrastructure, and research. These laws provide critical financial resources and 

incentives to foster innovation and widespread adoption of clean energy technology. Speaking at an ASP webinar, 

Jeremy Harrell, Chief Strategy Officer at ClearPath reflected that, “In the last five years, we have had more 

attention paid to supply chains and heavy industry decarbonization than ever before. It’s the first time we’ve seen 

this influx of [federal] policies targeting industries from a climate perspective. From the Energy Act of 2020, 

Infrastructure Investments and Jobs Act (IIJA), CHIPS and Science Act, and the Inflation Reduction Act (IRA)—

the federal support for research, development, and demonstration (RD&D), funding, and incentives will allow us 

to scale innovative technologies like carbon capture.29  

Collectively, these federal actions help remedy the “green premium” that both public and private energy 

stakeholders might have otherwise faced in adopting new, lower-carbon, and climate-friendly technologies and 

products.  

Infrastructure Investment and Jobs Act (IIJA) 
In November 2021, Congress passed the IIJA, a bipartisan bill that provides $550 billion in spending and 

investments for domestic infrastructure across the transportation, power, industry, and building sectors, as well 

as for broadband internet access and clean drinking water.30,31 IIJA has several notable clean energy investments, 

including:  

• Major new funding for clean transportation, including $39 billion to repair, upgrade, and enhance transit 

infrastructure and facilities, $7.5 billion to expand electric vehicle charging infrastructure,32 and $5 billion 

to facilitate the adoption and deployment of electric school bus fleets;33  

• More than $65 billion in clean energy related transmission line upgrades and U.S. electric grid 

investments;34  

• Creation of the Grid Deployment Authority to invest in demonstration projects and next generation 

technology research hubs, as well as the Building a Better Grid Initiative to develop and deploy high-

capacity electricity transmission lines;35 

• $12 billion for carbon capture and storage (CCS) and transportation projects, including $2.1 billion in 

direct funding (which translates to $20 billion in lending authority) for DOE’s Loan Program’s Office to 

finance carbon transportation pipelines and other infrastructure;  
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• $6.5 billion for DOE’s Office of Fossil Energy and Carbon Management (FECM), with $3.5 billion 

supporting regional direct air capture hubs;  

• $2.5 billion in carbon capture demonstration projects and pilots; and 

• New resources to ensure that physical and cyber infrastructure is resilient to a more volatile climate; clean 

up abandoned industrial and energy sites; and secure critical supply chains.36  

CHIPS and Science Act 
Also on a bipartisan basis, in 2022 Congress passed the CHIPS and Science Act, an industrial policy bill designed 

to shore up American innovation and manufacturing in critical computing technologies. The bill has received less 

attention than the IIJA and the Inflation Reduction Act, but it has several important provisions that are beneficial 

to lowering emissions, including boosting the domestic semiconductor industry. Since semiconductors are 

essential for several clean energy systems, including solar and wind, a robust domestic industry will help foster 

economic competitiveness, energy security, and domestic resilience.37 The bill provided $280 billion for research 

and development (R&D) in zero-carbon technologies, and established a Directorate for Technology, Innovation, 

and Partnerships (TIP) at the National Science Foundation to advance U.S. competitiveness through investments 

and developments of key technologies.38 So far, Congress has appropriated $1.8 billion to the National Science 

Foundation and the National Institute of Standards and Technology to begin implementation.39 

Inflation Reduction Act (IRA) 
Congress passed the landmark IRA in August 2022, which has profound implications for clean energy investment 

and innovation. The IRA offers direct federal funding as well as tax credits and other incentives to spur private 

sector investment in clean energy, to the tune of approximately $369 billion.40 The IRA provides funding for 

electrification, energy efficiency initiatives, EVs and EV infrastructure, and state-level climate plans.41 It includes 

clean energy tax credits in several key areas, including clean hydrogen production, renewable power generation, 

and eligible advanced manufacturing processes, including solar, wind, battery components, and critical minerals, 

as well as nuclear energy. It provides approximately $500 million for enhanced use of the Defense Production 

Act, specifically for critical mineral processing and heat pumps.42 It dramatically expands the existing tax credits 

for both point-source and direct air capture,43 as well as tax credits for carbon management, low carbon 

construction materials, and forest management. Furthermore, it addresses a known development bottleneck by 

dedicating several critical funding lines to expediting the permitting process, including grants for the siting and 

permitting of interstate transmission projects and funding for staff and resources to expedite environmental 

reviews.44 

These provisions and more, which are expanded on in the sections below, are a watershed for U.S. climate policy 

and clean energy innovation. According to the Rhodium Group, “these [IRA] incentives…provide a decade of 

policy certainty for the clean energy industry to scale up… and help reduce the green premium… potentially 

creating the market conditions to expand these nascent industries to the level needed to maintain momentum on 

decarbonization.”45 In just the first six months after the IRA was signed, an independent analysis shows more 

than 100,000 “green jobs” were created in the U.S.46 Many of those jobs are going to priority energy 

communities47 that are transitioning from fossil fuel-driven heavy manufacturing to clean industries. Not only are 

these efforts reinvigorating former steel and coal regions, but they are also creating a robust workforce that can 

fill critical skill gaps in the energy industry. Since approximately 50 percent of the current energy utility workforce 

is at or above retirement age, so that investment is both timely and essential.48 
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Clean Energy Innovation Areas of Focus  
Global net greenhouse gas emissions grew more than 10 percent from 

2010 to 2019. Nearly 80 percent of these emissions came from industry, 

energy generation, transportation, and buildings, where increases in 

global production have outpaced improvements in energy efficiency. 

Likewise, agriculture, forestry, and other land uses also account for a 

significant proportion of emissions.49 Achieving the world’s climate 

goals will require dramatic emissions cuts across all these sectors—a 

monumental task in which innovation will be central.   

The International Energy Association projects that almost half of global 

emissions reductions by 2050 will come from technologies that exist 

only as prototypes or demonstration projects today.50 As such, ASP’s 

Innovating Out of the Climate Crisis series focused on five industries in 

the energy ecosystem where technology is advancing rapidly and recent 

federal actions are catalyzing complex change: electrification, hydrogen, carbon emissions, agricultural 

technology, and hard to abate energy sectors. Through a series of webinars and written publications, ASP 

identified challenges and opportunities, as well as potential policy and regulatory remedies that can help foster 

innovation and facilitate a robust clean energy transition.   

Agricultural Technology 
Agriculture, food, and related industries play a significant role in the U.S. economy. Farmers and ranchers are 

stewards of more than 900 million acres of land, and the sector supports some 21 million jobs and $1 trillion in 

U.S. gross domestic product (GDP).51 However, agriculture is also responsible for more than 10 percent of U.S. 

greenhouse gas emissions.52 Unlike most industries, carbon dioxide is not the primary concern in farming. 

Methane, predominately from livestock digestion, and nitrous oxide, mainly from manure and fertilizer 

breakdown in the soil, are the sector’s primary sources of emissions. These are extremely potent, with global 

warming effects many times that of CO2.
53 Moreover, in the coming decades, climate change will make farmers’ 

jobs more difficult than ever, as rising temperatures, unpredictable rainfall, and spreading pests take their toll on 

production. Climate change could reduce profits for critical U.S. crops like corn, soy, wheat, and cotton by more 

than a third in the next 50 years.54 Innovative technologies and farming practices, however, may not only be able 

to help farmers adapt to climate change but could also one day turn farms into net carbon sinks. 

Because agriculture’s greenhouse gas emissions stem from interactions between human and natural systems, they 

present unique innovation challenges. Today, scientists are developing new fertilizer formulations that can reduce 

chemical and biological interactions in the soil that degrade fertilizer into nitrous oxide and may even help 

improve crop yields. Researchers are also working on specialized animal feeds that can reduce the amount of 

methane produced during digestion.55  

Innovation can affect more than just farm inputs; agricultural practices are also ripe for data-driven change. 

Precision agriculture techniques,56 for example, help farmers deliver only the fertilizer, pesticides, and other 

inputs they need on any given fraction of their land. Since most agricultural chemicals are made with fossil fuel 

feedstocks, widespread adoption of precision techniques could cut the industry’s emissions by as much as 27 

million metric tons of CO2 equivalent per year by 2030.57 Meanwhile, soil management techniques that reduce 

soil disturbance, increase the variety of plants on the land, and ensure that the earth is covered for more of the 

year, can improve water retention and soil microbial health, and may increase carbon sequestration.58 
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Additionally, managing livestock grazing more intensively, so they are moved more often to allow soils and 

pastures to recover, may both sequester more carbon and improve biodiversity.59  

Adoption of these tools and techniques is slow, however. Advanced fertilizers are currently more expensive than 

standard products, limiting their appeal to price-sensitive growers. Likewise, most cattle, sheep, and other 

ruminants spend most of their lives on pasture, which makes methane-reducing feeds difficult to deliver at scale. 

And though precision and regenerative agricultural practices generally require fewer inputs, they often 

nonetheless demand additional equipment, labor, and knowledge—all barriers to adoption for many farmers. 

Developing and deploying innovative agricultural technologies is an immense challenge that public policy can 

help deliver, but in recent decades, public investment has been going in the wrong direction. Over the last 20 

years, public spending on research and development in agriculture has declined by nearly 30 percent, even as 

climate change has put added pressure on the sector.60  And, while the U.S. Department of Agriculture (USDA) 

dedicates funding to improving on-farm conservation techniques, including better soil and grazing management, 

those programs tend to be heavily oversubscribed.61  

The IRA took major steps forward, dedicating 

approximately $20 billion in funding for climate-

smart agriculture through several USDA programs 

that will provide “direct climate mitigation benefits… 

[including] technical assistance for producers to 

advance conservation.”62 And, in 2022, USDA 

launched the Partnerships for Climate-Smart 

Commodities, a $3 billion program intended to help 

growers develop and market climate-friendly crops, 

laying the groundwork for an expanded market for 

those types of commodities.63 The ongoing 2023 

Farm Bill64 negotiations in Congress will provide 

another opportunity for innovations in the sector; 

climate-related programs are expected to be a main 

area of focus in Congressional debates. 

Carbon Emissions 
The Intergovernmental Panel on Climate Change (IPCC) estimates that, to limit global warming to 1.5°C, the 

world will need to rely on carbon capture and removal technologies65 to mitigate carbon emissions from both 

existing facilities that have not reached their natural lifespan and to capture process carbon emissions like those 

from steel and cement.  

Carbon capture is not a new technology; a small number of systems have been in operation for decades, with most 

of the captured carbon being used to boost oil production from dwindling wells.66 There are several approaches 

to carbon management. The two most common are carbon capture and storage (CCS) and carbon capture and 

utilization (CCU). In both approaches, carbon capture devices are attached to industrial smokestacks to filter out 

carbon before it reaches the atmosphere; the difference between them is what happens after the carbon is captured. 

CCS systems store carbon permanently underground, while CCU systems utilize captured carbon by turning it 

into fuels and/or chemicals.67 Direct air capture (DAC) systems, meanwhile, offer a third approach to carbon 

management. These devices pull CO2 from the ambient atmosphere, and the carbon is then stored underground or 

“Cover Crops, “Cereal rye cover crops on Steve Berger farm near 
Wellman, IA in Washington County, Photo by University of Arkansas 

Agricultural Experiment, CC By 2.0 

https://creativecommons.org/licenses/by/2.0/
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utilized. They have the virtue of being deployable anywhere, not just at specific carbon sources, but the technical 

challenge of capturing diffuse atmospheric carbon is a daunting one.  

The cost of building and operating the systems, 

however, has hindered their widespread 

development; only twenty or so CCUS commercial 

operations are in operation today.68 Even as zero-

carbon energy generation and transmission 

infrastructure comes online in the years ahead, there 

are still countless energy and industrial facilities 

across the country and around the world that are 

decades away from reaching their intended lifespan. 

Shutting down these facilities early would result in 

trillions of dollars in stranded assets—according to 

one study, an early shutdown of coal-fired power 

generation alone would cost up to $2.3 trillion—and 

replacing them with new energy and industrial 

sources even more.69 

Policymakers are working to improve the efficiency and cost-effectiveness of the technology, most notably 

through a multi-billion dollar expansion in R&D funding in the IIJA.70 And, to boost commercial deployment, 

the IRA has enhanced the 45Q tax provision (the main tax credit for carbon capture technologies) to both expand 

eligibility and increase payments to companies that are able to demonstrate that they’ve safely sequestered carbon 

dioxide or utilized it in a long term product.71 Jack Andreasen, Manager, Carbon Management, U.S. Policy and 

Advocacy at Breakthrough Energy, pointed to the IRA’s tax credits as key to getting CCS technology off the 

ground and into the market. “The federal government’s investment [in this sector] is driving down total systems 

cost. Whether it’s in storage, transportation, or feed stocks, there are a number of investments occurring across 

the system that are making this technology more deployable.”72  

Other carbon management technologies are at an earlier stage of technical development. Direct air capture 

systems, which filter carbon dioxide at very low concentrations from the air, can cost upwards of $300 per ton of 

carbon captured and are themselves energy-intensive to run. Nature-based solutions, such as afforestation and 

soil carbon sequestration, may enable people to harness natural processes to store carbon, but questions remain 

about how to measure the amount of carbon captured and to ensure it remains stored for the long term.73 In 2021, 

DOE launched a decade-long program called the Carbon Negative Earthshot to answer these questions and more. 

Its goal is to further the development of carbon removal technologies that remove and store carbon from the 

atmosphere at gigaton scales, for less than $100 per ton.74  

Private industry has also recognized the enormous potential in the carbon industry, and some are increasingly 

willing to make the large capital investments necessary to deploy carbon management technologies. The First 

Movers Coalition, a 65-company group, has pledged more than $12 billion to help facilitate and scale new carbon 

removal technologies.75 Similarly, major technology players like Stripe, Meta, and Alphabet, are collaborating on 

a multi-million-dollar advanced market commitment to stimulate deployment of carbon removal technologies.76  
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Electrification 
One of the keys to achieving the U.S. goal of 

economy-wide net zero emissions by 2050 is 

electrifying as much of the economy as possible. 

This includes actions such as transitioning the 

consumer and commercial vehicle fleets to EVs, 

replacing gas-fired stoves, water heaters, and 

furnaces with electric models and heat pumps, 

and meeting as many industrial processes needs 

as possible with electrically generated heat. To 

meet this increased electricity demand, U.S. 

power generation will need to grow to up to four 

times today’s levels, all from renewable or zero-

carbon sources, while simultaneously 

transitioning the current fleet of fossil fuel-fired 

power plants to net zero sources.77  

Unlike fossil fuels, which can generate power continuously, renewable sources like wind and solar fluctuate 

depending on weather or the time of day. And, while fossil fuels can be moved from where they are extracted to 

where they are needed, renewable sources must be converted immediately to electricity and transported by wire. 

To make the most of this resource, renewable energy must be moved through time (with storage) or through space 

(with transmission).78  

Innovation in the electricity sector is driving progress on both fronts. The cost of generating renewable energy 

has dropped significantly over the last decade. Globally, the price of new, utility-scale solar photovoltaic 

generation fell by 88 percent from 2010-2019, while onshore wind fell by some 68 percent and offshore wind by 

60 percent, making these power sources cost-competitive with fossil fuels.79  

Technological innovations like smart grids can help balance supply across a network,80 making it better able to 

handle variable renewable energy sources, and advanced meters can give end-users insight into their power 

consumption and help smooth out demand.81 But it is in the policy sphere where innovation is most needed. 

Today, the U.S. electricity grid is fragmented, with few interconnections between different regions. Yet, most of 

the renewable energy generation potential in the United States is far from the urban and suburban metros where 

most energy is consumed.82 Integrating these grids into a single, national system and enabling them to share 

energy across distance could allow the U.S. to reduce its carbon emissions by 42 percent.83 

To bring that energy to consumers, total grid capacity will need to grow by as much as three times by 2035, 

requiring up to 10,000 miles of new, high-capacity lines each year beginning in 2026.84 Yet, today, prolonged 

siting and planning negotiations among local, state, and federal officials mean that it takes over ten years to build 

power lines across state or regional borders. Some 750 gigawatts of proposed renewable energy projects are 

currently waiting in these years-long lines to be built.85  

On the storage side, the cost of lithium-ion batteries (the most common type of battery for everything from 

iPhones and EVs to short-term, utility-scale storage) has plummeted by nearly 90 percent from 2010-2019, thanks 

to improvements in design, chemistry, and manufacturing efficiency.86 At durations of more than a few hours, 

however, lithium-ion batteries become too expensive to serve as long-term storage; the cost of building and 

maintaining them cannot be recouped on the rare occasions where they would be called into service.87  

Power Transmission Lines, Photo by Oran Viriyincy, CC By SA 2.0 

https://creativecommons.org/licenses/by-sa/2.0/
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As such, DOE is working to develop long-term storage technologies at a maximum of one-tenth the cost of 

lithium-ion batteries. These include flow batteries, which can be charged and discharged (or cycled) many 

thousands of times without losing battery capacity, making them a better long-term investment than shorter-lived 

lithium-ion batteries.88 Mechanical batteries, using gravity89 or compressed air,90 are also under development. 

Pumped hydropower, where renewable energy is used to fill a reservoir that can later be drained and passed 

through turbines to generate power, is one form of a gravity-based mechanical battery. It is currently the most 

common form of long-term energy storage, accounting for some 90 percent of deployed capacity, but its future 

scope is limited by the need for appropriate topography and ample water.91 Scientists are also developing new 

forms of chemical storage, transforming renewable energy into hydrogen or ammonia, which can be used as fuels. 

Venkat Srinivasan, Director of the Argonne Collaborative Center for Energy Storage Science (ACCESS), 

reflected that researchers are engaged in a “horse race—a race in which there is likely to be more than one 

winner.”92  

New federal policies are working to increase 

clean power generation, transmission, and 

storage. The IRA extends and expands federal tax 

credits for clean energy generation93 to increase 

clean energy capacity within the electricity 

system and offers incentives for adopting electric 

vehicles94 and electric or energy efficient home 

appliances.95 It also includes a production credit 

for clean energy generation technologies like 

battery cells, solar panels, and wind turbines that 

could add up to some $400 billion in support for 

the industry over the coming decade.96 To handle 

this new supply and demand, in early 2022, DOE 

launched the Building a Better Grid initiative, 

which includes some $20 billion in financing to 

improve grid capacity, optimize network 

organization, and more, and empowers DOE to 

coordinate planning and permitting for the grid 

of the future.97 To help ameliorate permitting 

delays, the IIJA also clarifies the Federal Energy 

Regulatory Commission’s (FERC) ability to site 

power lines, though this power is yet untested.98  

Batteries and storage technologies received 

significant new funding through the IIJA as well, 

including more than $500 million for energy storage demonstration projects, $6 billion for advanced battery 

research and supply chain investments, and $3 billion for battery material processing demonstration facilities.99 

DOE is also dedicating an Energy Earthshot to long duration storage, aiming to reduce storage costs by 90 percent 

(relative to 2020 lithium-ion batteries) over the next decade for systems that can deliver at least ten hours of 

power. Research funding will go toward a variety of storage technologies, including mechanical, electrochemical, 

thermal, or some combination thereof.100 For already-mature storage technologies, the IRA offers new tax 

incentives for deployment.101 
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Hard to Abate Energy Sectors 
Heavy industries like steel and cement manufacturing, along with 

heavy transportation like shipping and aviation, are notoriously 

difficult to decarbonize. Making steel and cement, for example, 

requires very high temperatures—in excess of 1000°C —that 

cannot be generated efficiently through electricity. The chemical 

process of making both materials, moreover, generates CO2 over 

and above the carbon emitted in generating all that heat. And 

today’s batteries are not yet sufficiently energy-dense to enable 

heavy transportation to be electrified.102  This is not a trivial 

problem; cement and steel are some of the most heavily used 

materials on the planet, and international shipping underpins the 

modern economy. Together, these industries make up 

approximately 30 percent of global carbon emissions.103  

Innovation in these foundational industries presents both business and technical challenges. As Dr. Ed Rightor, 

Director of the Center for Clean Energy Innovation at the Information Technology and Innovation Foundation 

commented, “…these sectors are energy intensive and face fierce competition. They are mature industries their 

products are intertwined with complex supply chains, so making changes is difficult.”104 Nonetheless, the DOE’s 

Industrial Carbonization Roadmap105 identifies four pillars that can make carbon emissions reductions in these 

sectors possible: (1) energy efficiency; (2) electrification; (3); low-carbon fuels and feedstocks; and (4) carbon 

capture, utilization, and storage (CCUS). And, despite the business challenges, industry has taken some initial 

steps along that road with new materials, processes, and fuels. Cement manufacturers, for example, are exploring 

alternate formulas to minimize the use of clinker (the most energy-intensive ingredient), and engineers are 

designing buildings and structures using less steel. Carbon capture technologies (though still in their infancy in 

industrial settings) can mitigate both heat and process emissions from steel and cement manufacturing; some 

captured CO2 is even being utilized in concrete to make the material stronger. Hydrogen and ammonia—

especially when generated through green processes—can be burned to generate zero-carbon industrial heat and 

used as transportation fuel.106 The International Energy Agency (IEA) estimates that hydrogen and ammonia will 

play increasingly central roles in fueling trucking and shipping in the coming decades.107 

Nonetheless, many of the technologies in this space are still in the innovation stage. Some 96 percent of the 

technologies needed to decarbonize aviation, for example, are still in the prototype or demonstration phase,108 as 

are 62 percent of those needed to decarbonize steel.109 To help move the industry forward, the IIJA included 

substantial new funding to support relevant research and development initiatives, including $8 billion for a 

nationwide system of hydrogen industries (see Hydrogen below) and $1 billion for carbon capture demonstration 

projects on heavy industrial facilities.110  

Once they are ready to deploy, new policies will be needed to get these technologies into the market as quickly 

as possible. The IRA offers tax credits to companies that install carbon capture technologies and utilize captured 

carbon for other purposes,111 as well as to firms using sustainable fuels.112 Federal policymakers are also 

leveraging the power of the private sector to drive demand for low-carbon processes in this sector. The First 

Movers Coalition, brought together by the U.S. Department of State and the World Economic Forum, has secured 

commitments from 65 global corporations to purchase near-zero emission cement, steel, and other hard to 

decarbonize products. These forward purchase commitments are intended to catalyze markets and drive down 

prices in the coming decades.113     

Cement Factory, Photo by Astrid Westvang,  
CC By-NC-ND-2.0 

https://creativecommons.org/licenses/by-nc-nd/2.0/
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Hydrogen 
Hydrogen, the most plentiful element in the universe, may also be in the early stages of becoming one of 

humanity’s most common energy sources. It can burn hot enough to make steel and cement, and long enough to 

support long-haul trucking and shipping. 114 It can also be transported over distances in pipelines and stored until 

it’s needed, so it can be a backup fuel for variable electricity sources like wind and solar. And it can do all that 

while generating no carbon emissions at the point of use. Achieving this, however, will require new ways of 

manufacturing hydrogen and new markets for using it. 115  

Today, the U.S. makes about 10 million metric tons of hydrogen per year, mainly as a chemical feedstock for 

fertilizer and for use in oil refining.116 Virtually all this hydrogen—about 95 percent of it—is made with fossil 

fuels, sometimes referred to as gray hydrogen. It is primarily made by breaking down natural gas with high-

temperature steam,117 a carbon-intensive process that generates the equivalent of about 10kg of CO2 for every 

1kg of hydrogen it produces.118 

One approach to making net-zero hydrogen is to equip hydrogen manufacturing facilities with carbon capture 

devices. Though fossil fuels would still be used as a feedstock for the process and to generate the necessary heat, 

the resulting CO2 could be captured at the smokestack and stored or used. The resulting hydrogen—sometimes 

referred to as blue hydrogen—could therefore be a net zero fuel. A second approach to manufacturing hydrogen 

removes fossil fuels from the equation entirely. In a process known as electrolysis, electricity is used to split water 

into hydrogen and oxygen; if that electricity comes from renewable sources, the process is entirely carbon-free.119 

The resulting hydrogen is sometimes referred to as green hydrogen to reflect this no-carbon pedigree. 

The biggest challenge for hydrogen is that it remains prohibitively expensive. Incorporating carbon capture 

systems into hydrogen manufacturing, for example, would cost up to $80 per ton of carbon captured120—a hefty 

additional cost for producers. And generating hydrogen through electrolysis will require vast amounts of 

renewable electricity. Meeting just current global hydrogen demand with green hydrogen would require 3,600 

terawatt hours of renewable power annually—more than is produced today in the entire European Union.121 

In the last few years, the federal government has made unprecedented investments to develop and scale the 

hydrogen economy. The IIJA alone allocated $9.5 billion to new hydrogen projects. The majority of the funding—

$8 billion—will support up to ten new domestic Hydrogen Hubs: clusters of researchers, producers, and 

consumers of hydrogen produced in a variety of methods, all over the country, that can serve as commercial 

centers for the nascent industry.122 The IIJA also allocated $1 billion to reduce the cost of green hydrogen, which 

today costs about $5/kilogram (kg)123—more than five times the cost of conventionally produced gray 

hydrogen.124 Through its Hydrogen Earthshot, a research, development, and commercialization program, DOE is 

also working to bring the cost of green hydrogen down to $1/kg in just ten years.125  

Provisions in the IRA, meanwhile, may make hydrogen cost-competitive much sooner. It extended an existing 

tax credit for hydrogen production, and crucially, established a sliding credit scale based on the carbon intensity 

of production. At the moment, only green hydrogen has a low enough carbon intensity to claim the full $3/kg 

credit, but some blue systems may be efficient enough to claim partial credit.126 Speaking at an ASP webinar, the 

Clean Air Task Force’s Emily Kent said that this “pay for performance” approach was a “beneficial direction for 

those policies to go,” as carbon intensity thresholds can be met by most production methods depending on choices 

made at the project level.127 Once made, all this hydrogen will need a place to go. Per Kent, industries such as 

steelmaking, shipping, and aviation need anywhere from a few years to a few decades to get market ready. Giving 

would-be hydrogen producers confidence that there will be consumers down the line could reassure investors and 

bolster overall market development.   
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Reflections and Recommendations 
The recent federal support for the clean energy value chain is unprecedented and has undoubtedly helped provide 

the necessary signals to public and private stakeholders that the clean energy transition is underway. These steps, 

however, are just the first of a marathon, not a sprint, and to achieve their goals, they must be sustained and built 

upon. In the years to come, Congress and the relevant Executive agencies should consider the following steps to 

institutionalize continual progress on the clean energy transition and disseminate that progress globally. 

Transmission Permitting  
Throughout the course of ASP’s Innovating Out of the Climate Crisis programming, permitting emerged as a 

critical area in need of policy attention and reform. Specifically, slow construction of new electric transmission 

lines due to permitting delays is causing “interconnection queues” for a growing number of clean energy 

projects.128 Transmission siting and permitting can take ten or more years to get approval from local, state, 

interstate, and federal authorities due to a complex regulatory framework that too often fails to strike the right 

balance between reasonable environmental and community reviews and the need for clean energy infrastructure 

development.129 

Simplifying and streamlining the permitting process for renewable energy and clean energy projects is essential 

to the clean energy transition, as well as the success of legislation already passed by Congress. According to a 

Princeton University Zero Lab study, if the current rate of transmission line construction continues, approximately 

80 percent of the emissions cuts and benefits from the IRA will not come to fruition.130  

The sometimes cripplingly slow integration of renewable and other clean energy projects could be one of the most 

prohibitive hurdles in the clean energy transition. Speaking at an ASP webinar in April 2023, Jeremy Harrell, 

Chief Strategy Officer at ClearPath, remarked that the next five to ten years are a “critical moment” for clean 

energy deployment. Ensuring that projects are environmentally sound is important, he argued, but “what would 

be the worst thing possible is that we get to a point where the technology is ready to be commercialized and scale 

up and we’ve missed the opportunity to deploy them because of unnecessary regulation.”131 Though there is 

surprisingly broad agreement in Congress that it is too difficult to build new energy infrastructure, it has not yet 

been able to reach agreement on just which regulations are unnecessary.132  

In 2022, DOE launched a National Transmission 

Needs Study to provide more clarity on the 

capacity constraints and congestion in the U.S. 

electric transmission grid.133 The study will 

examine both historic transmission issues, as well 

as future anticipated challenges. Similarly, the 

Biden Administration issued a Permitting Action 

Plan to implement the permit reform provisions 

from the IIJA.134 While these are important steps, 

Congress should work to agree on an updated, 

expedited regulatory process to ensure existing 

laws see their full benefit.  

  

 

“If electricity transmission cannot be expanded fast 

enough, power sector emissions and associated 

pollution and public health impacts could increase 

significantly as gas and coal-fired power plants produce 

more to meet growing demand from EVs and other 

electrification.” 

Princeton University Zero Lab 

Electricity Transmission is Key to Unlock the Full 

Potential of the Inflation Reduction Act, 2022 
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Additional RD&D Funding 
The efficiency and affordability of myriad technologies, from electric vehicles to renewable energy, have leapt 

forward over the past decade. But the progress toward widescale commercialization of some clean energy 

technologies should not obscure the significant research and development needs remaining. Some 96 percent of 

the technologies needed to decarbonize aviation, for example, are still in the prototype or demonstration phase,135 

as are nearly a third of the technologies needed to decarbonize iron and steel.136 Sustained public investment in 

clean energy research and development, beyond the ten-year horizon envisioned in the IRA, will be crucial to 

bringing these and other innovations from the drawing board to the board room. 

While the recent influx of federal funds is an important milestone, the U.S. is still lagging far behind in 

investments compared to its competitors. Today, China accounts for nearly half of the world’s low-carbon 

spending, and manufacturing of low-carbon energy technologies like solar panels and batteries. In 2022, China 

spent $546 billion on clean energy investments—nearly four times the amount of U.S. investments. Meanwhile, 

the European Union spent $180 billion compared to the U.S. $141 billion.137 While the unprecedented funding 

and incentives from the IRA, IIJA, and CHIPS and Science Act provide a critical foundation for innovation and 

deployment, sustained further funding will be essential to bringing the clean energy economy to fruition. 

Facilitate Private Sector Investment 
It is difficult to overstate the scale of the economic transition that the U.S. and other countries must catalyze in 

the coming decade. Though the sums that the IRA, IIJA, and other federal actions have directed to clean energy 

innovation run into the hundreds of billions of dollars, even with sustained federal funding, the need will vastly 

outrun public resources. To meet the 1.5°C Paris goal, the IPCC estimates that the world will need to invest an 

average of $2.38 trillion annually in the energy sector to 2035, and up to three times as much to transition 

transportation and other sectors as well.138 The public sector should therefore work to harness the much larger 

resources of the private sector toward this critical goal. 

The IRA and the IIJA already include substantial subsidies to would-be producers of renewable energy, hydrogen, 

and carbon capture technologies—potentially foundational industries to a net-zero future. Though these subsidies 

are nominally time-limited, public support has a way of becoming institutionalized, even after questions can 

reasonably be raised about their value. As technology advances in the coming decades, new decarbonization 

options may arise that would offer even greater public benefit than the technologies currently being supported if 

they could make their way from the lab to the market. Congress, together with experts from the Department of 

Energy, academia, and industry, should therefore collaborate on regular reviews of public subsidies to ensure they 

are targeted to the most promising innovations and adequate to catalyze meaningful progress.  

To be sustainable, a market needs both supply and demand. Policymakers should therefore work to expand 

forward purchase arrangements like the First Movers Coalition, in which participating companies commit to 

buying nascent clean energy technologies to support their journey to market. Participation in the Coalition, 

organized in part by the U.S. State Department, is voluntary and (at $12 billion worth of purchase commitments) 

a laudable but still experimental part of the portfolios of the participants’ $8 trillion market value.139 The United 

States should work with its diplomatic and corporate partners to build participation in the FMC and organizations 

like it, and Congress should consider ways to incentivize similar forward purchase arrangements through the tax 

code. Policymakers should also look for additional ways to bolster demand for clean energy and fuels through 

civilian and military procurement, serving as a reliable customer for low-carbon materials and technologies. 
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Globalize Innovation 
During the Second World War, the U.S. famously served as the “Arsenal of Democracy”—a critical source of 

technological and material support for friendly countries facing an existential foe. Today, as the U.S. races to 

develop and deploy clean energy technologies, it should take similar steps to ensure that the innovations of U.S. 

companies are shared with the world. At the most basic level, the U.S. and its international partners should meet 

their commitment to mobilize $100 billion in annual climate funding for poorer countries. As part of that effort, 

Washington should work through the U.S. Agency for International Development and the U.S. Development 

Finance Corporation to ensure that low- and middle-income countries can access clean energy innovations and 

leverage additional financing from international financial institutions toward the same goal. Washington should 

also explore changes to federal patenting rules that grant full intellectual property rights to institutions that make 

federally funded discoveries. While it is critical that green industries are profitable and ultimately self-sustaining, 

reforms to patent laws could help ease the dissemination of clean energy technologies without threatening the 

profit motive.140 
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