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Clean Hydrogen: Driving American  
Industrial Competitiveness 

Clean hydrogen is quickly emerging as a strategic tool for industrial competitiveness—
and the United States is well-positioned to lead. 

Clean hydrogen offers a transformative opportunity for American industrial renewal and global energy 
leadership. From refineries and fertilizer plants to steel mills and shipping ports, it offers a practical path to 
strengthen America’s manufacturing base while lowering global emissions. The United States has clear 
natural advantages for clean hydrogen production—abundant energy resources such as low-cost natural 
gas, nuclear power and other low-emissions generation assets, as well as extensive geological storage 
capacity, a skilled energy workforce and a thriving innovation ecosystem. 

However, global competitors are moving quickly, and the United States has a narrow window to secure its 
edge to ensure the U.S. remains a supplier of choice in a rapidly evolving global market. Strategic early 
investment in clean hydrogen can help modernize legacy industries, open up new export markets for 
American technologies and fuels and bolster our long-term economic and energy security. 

What is Clean Hydrogen? 

Hydrogen is one of the most common elements on Earth, but it is rarely found on its own. It is most often 
bonded to other elements in molecules such as water or methane (natural gas). To obtain pure hydrogen 
gas, it usually must be separated from other molecules, which can be done through several methods. 

Currently, most hydrogen is derived from fossil fuels—primarily natural gas—through a process known as 
steam methane reforming (SMR), which releases carbon dioxide (CO2) as a byproduct. Clean hydrogen 
refers to hydrogen produced with lower lifecycle greenhouse gas emissions than traditional methods. This 
can be done either by pairing fossil-based technologies with carbon capture, or through electrolysis, 
which uses electricity to split water into hydrogen and oxygen. While hydrogen gas is colorless, 
policymakers and industry stakeholders often refer to hydrogen "colors" as a shorthand for different 
production methods and energy sources (Figure 1). 
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Figure 1. The "colors" of hydrogen (author’s illustration, created with online visualization tool). 

 

In the United States, around 95% of hydrogen is produced via SMR (“gray” hydrogen). Globally, the share is 
about 62%. Approximately 21% of global hydrogen production is coal-based—with the majority of this 
located in China and India. Global clean hydrogen output grew by around 10% in 2024, although it still 
accounts for less than 1% of total production. 

As with all emerging technologies, production at scale with low-carbon hydrogen production methods has 
not yet been achieved, which makes them more costly than traditional pathways. Many stakeholders are 
racing ahead to change that, however. As production scales and technologies mature, costs are expected to 
fall significantly, accelerating adoption. 

Fueling Growth and Global Leadership 

An Engine for Job Creation and Economic Growth 

A robust clean hydrogen sector can stimulate economic growth and job creation, revitalize domestic 
industrial corridors and reassert American leadership in clean energy technologies across the globe. 

Federal policy support plays a critical role in unlocking this economic potential. The Energy Futures Initiative 
(EFI) estimated that policies such as the bipartisan 45V clean hydrogen production tax credit and the 
Department of Energy (DOE) Regional Clean Hydrogen Hubs program could generate a seven-to-one return 
on investment in cumulative gross domestic product (GDP). 

This potential is already materializing. Since the launch of the Hydrogen Hubs program in November 2021, 
companies have announced more than $37 billion in planned investments in clean hydrogen production 
and electrolyzer manufacturing.  

Blue hydrogen projects alone could stimulate billions in economic output and create tens of thousands of 
jobs. A recent report by CRES Forum finds that by 2030 (and once operational), blue hydrogen projects 
currently under development could annually generate over $22.4 billion in economic output, $12.3 billion 
in GDP, as well as support over 62,200 jobs—many of these well-paid positions that utilize skills similar to 
those needed in traditional energy sectors such as oil and gas. 

The United States has a distinct comparative advantage for blue hydrogen production, with abundant 
reserves of low-cost natural gas, unmatched capacity for geological CO2 storage, as well as extensive 
experience in industrial methane-based hydrogen production. Projects in several Hydrogen Hubs, such as 
the Appalachian Clean Hydrogen Hub (ARCH2) in West Virginia, Ohio, and Pennsylvania and the HyVelocity 
Hub in Texas and Louisiana, will produce blue and turquoise hydrogen, which will allow these regions to 
continue to sustainably leverage their abundant natural gas resources and boost regional economic growth 
for decades to come. 

Globally, according to the Hydrogen Council, committed investments have grown around 50% annually 
since 2020, from $10 billion that year to $110 billion in 2025—an eleven-fold increase. When considering 
investment announcements across all project stages, the growth magnitude is even greater, rising from $90 
billion in 2020 to $695 billion in 2025—a surge of over 670% (Figure 2). 

https://www.energy.gov/eere/fuelcells/hydrogen-production-natural-gas-reforming
https://iea.blob.core.windows.net/assets/ecdfc3bb-d212-4a4c-9ff7-6ce5b1e19cef/GlobalHydrogenReview2023.pdf
https://iea.blob.core.windows.net/assets/ecdfc3bb-d212-4a4c-9ff7-6ce5b1e19cef/GlobalHydrogenReview2023.pdf
https://iea.blob.core.windows.net/assets/12d92ecc-e960-40f3-aff5-b2de6690ab6b/GlobalHydrogenReview2025.pdf
https://iea.blob.core.windows.net/assets/12d92ecc-e960-40f3-aff5-b2de6690ab6b/GlobalHydrogenReview2025.pdf
https://efifoundation.org/foundation-reports/analysis/the-return-on-investment-of-us-clean-hydrogen-policy-h2hubs/
https://efifoundation.org/foundation-reports/analysis/the-return-on-investment-of-us-clean-hydrogen-policy-h2hubs/
https://www.law.cornell.edu/uscode/text/26/45V
https://www.energy.gov/oced/regional-clean-hydrogen-hubs-0
https://rhg.com/energy-climate/data-and-tools/the-climatedeck/
https://cresforum.org/publications/the-economic-impact-of-blue-hydrogen/
https://carboncapturecoalition.org/blog/geologic-storages-role-in-scaling-carbon-management/
https://compass.hydrogencouncil.com/wp-content/uploads/2025/09/Hydrogen-Council-Global-Hydrogen-Compass-2025.pdf
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Figure 2. Investment pipeline in clean hydrogen projects by 2030, billion USD 
Source: Hydrogen Council and McKinsey & Company, Global Hydrogen Compass 2025, September 2025, p. 8.  
 

The Global Hydrogen Landscape: Competition and Opportunity 

As other countries race to develop their clean hydrogen sectors and supply chains, the emerging global 
market for hydrogen creates both opportunities and competition for U.S. producers. Additionally, rising 
international demand for hydrogen-associated low-carbon goods such as clean steel or fuels further 
highlights how supporting the rapid scale-up of a clean hydrogen sector can unlock new market 
opportunities while bolstering energy security by diversifying our energy resources. Early, proactive 
investment can help ensure the U.S. captures global market share and become a preferred long-term 
supplier. 

• Europe: The European Union (EU) bloc set ambitious targets for importing 10 million metric tons 
(MMT)—and producing another 10 MMT—of green hydrogen by 2030 under the REPowerEU 
strategy, which represents a lucrative potential export market for U.S. producers. Germany has 
outlined a particularly ambitious clean hydrogen strategy, and expects its demand to reach 1.36 to 
2.73 MMT by 2030, with 50 to 70% of that to be met by imports. According to the Hydrogen 
Council, the EU is expected to account for 65% of global clean hydrogen demand by 2030. 

• Asia: 
o Japan and South Korea are also promising export markets. Both nations are ramping up 

efforts to leverage hydrogen to decarbonize their industrial, power and transportation 
sectors. They are also both advancing the development of their own hydrogen hubs. 
Japan’s ambitious Hydrogen Strategy, which aims for 12 million tons of hydrogen and 
ammonia use per year, will rely primarily on imports, given the country’s limited domestic 
energy resources. The Hydrogen Council estimates East Asia will account for around 25% of 
clean hydrogen demand by 2030. 

o China is aggressively expanding its electrolyzer and hydrogen fuel cell vehicle 
manufacturing capacity, as well as its hydrogen charging infrastructure, backed by heavy 
state subsidies. The country already controls around for 65% of global electrolytic 
production capacity, and nearly 60% of electrolyzer manufacturing capacity, followed by 
Europe and the United States. 
Hydrogen will also be featured prominently in China’s next Five-Year Plan (2026-2030). 
New policies are expected to better align the supply and demand of green hydrogen, green 
methanol, green ammonia and sustainable aviation fuel (SAF), leveraging the country’s 
soaring wind and solar electricity generation. 

https://compass.hydrogencouncil.com/wp-content/uploads/2025/09/Hydrogen-Council-Global-Hydrogen-Compass-2025.pdf
https://ec.europa.eu/commission/presscorner/detail/en/ip_22_3131
https://www.hydrogeninsight.com/policy/german-government-signs-off-multi-million-tonne-clean-hydrogen-import-strategy/2-1-1682319
https://www.hydrogeninsight.com/policy/german-government-signs-off-multi-million-tonne-clean-hydrogen-import-strategy/2-1-1682319
https://www.hydrogeninsight.com/policy/german-government-signs-off-multi-million-tonne-clean-hydrogen-import-strategy/2-1-1682319
https://compass.hydrogencouncil.com/wp-content/uploads/2025/09/Hydrogen-Council-Global-Hydrogen-Compass-2025.pdf
https://www.weforum.org/stories/2025/04/japan-hydrogen-energy/?utm_source=chatgpt.com
https://fuelcellsworks.com/2025/06/27/green-investment/south-korea-launches-east-coast-hydrogen-industry-clusters-with-500-billion-push
https://fuelcellsworks.com/2025/03/13/fuel-cells/japan-initiates-multimillion-yen-tender-for-development-of-hydrogen-hubs
https://www.korea.net/NewsFocus/Business/view?articleId=274208
https://www.meti.go.jp/shingikai/enecho/shoene_shinene/suiso_seisaku/pdf/20230606_5.pdf
https://www.weforum.org/stories/2025/04/japan-hydrogen-energy/
https://compass.hydrogencouncil.com/wp-content/uploads/2025/09/Hydrogen-Council-Global-Hydrogen-Compass-2025.pdf
https://fuelcellsworks.com/2025/06/04/energy-development/china-s-hydrogen-industry-enters-new-stage-of-orderly-development
https://link.springer.com/chapter/10.1007/978-3-031-84022-7_3
https://fuelcellsworks.com/2025/04/23/green-investment/china-allocates-321-million-to-boost-regional-hydrogen-fuel-cell-vehicle-deployment
https://www.ft.com/content/41fe6407-ca14-4bf3-b5ee-0163c0b4888c
https://iea.blob.core.windows.net/assets/12d92ecc-e960-40f3-aff5-b2de6690ab6b/GlobalHydrogenReview2025.pdf
https://fuelcellsworks.com/2025/11/12/clean-energy/china-targets-green-hydrogen-ammonia-and-saf-in-energy-policy-shift
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/012425-infographic-china-solar-capacity-coal-electricity-renewable-energy-hydro-wind
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• Middle East: Nations such as Saudi Arabia, Egypt, Oman and the UAE are developing a combined 
production capacity of clean hydrogen and ammonia of 9 MMT/year. They plan to leverage their 
abundant solar, wind and natural gas resources to become major exporters. 

While North America currently accounts for the majority of clean hydrogen projects that are operational and 
under development, China vastly outpaces all other regions in renewable hydrogen capacity (Figure 3). 

 

Figure 3. Renewable and low-carbon hydrogen production capacity by region, operational and at FID/under 
construction (in million tons per annum, mtpa). 
Source: Hydrogen Council and McKinsey & Company, Global Hydrogen Compass 2025, September 2025, p. 13.  

Clean Hydrogen's Potential in Hard-To-Abate Sectors 
Clean hydrogen offers a powerful tool to reduce lifecycle emissions in sectors where hydrogen is already 
essential, such as oil refining or ammonia and fertilizer manufacturing. It also holds significant promise as a 
low-carbon alternative fuel or feedstock in emerging applications such as transportation and steel 
manufacturing. As other countries move to integrate clean hydrogen into their industrial supply chains, the 
race is on to dominate export markets in both traditional and new end-use sectors. 

Refining, Fuels and Transportation 

Hydrogen is essential for oil refining and shows growing potential as a clean-burning fuel. By integrating 
low-carbon hydrogen, the U.S. can cut emissions from today’s fuels while broadening the mix to include 
next-generation low-carbon alternatives. Other nations are moving forward:  

• Europe: Policies like the EU Alternative Fuels Infrastructure Regulation (AFIR), ReFuelEU Aviation, 
and the UK SAF Mandate are creating premium markets for low-carbon hydrogen and jet fuel.  

• Asia: Japan and Singapore have proposed or established Sustainable Aviation Fuel (SAF) 
requirements, while China and South Korea are advancing aggressive plans for hydrogen fuel cell 
vehicle (HFCV) development. Today, South Korea is leading in HFCV deployment. 

• North America: Canada is seeking to become a leading producer and consumer of clean fuels like 
hydrogen and biofuels, and its Clean Fuel Regulations are driving demand for low-carbon refinery 
inputs and processes. 

 

https://fuelcellsworks.com/2024/11/08/energy-efficiency/the-saudis-eye-hydrogen-and-a-new-energy-superpower-status
https://www.hydrogeninsight.com/policy/egyptian-government-unveils-vision-for-1-5-million-tonnes-of-clean-hydrogen-production-by-2030/2-1-1694037
https://www.prnewswire.com/ae/news-releases/oman-announces-new-fiscal-incentives-to-ensure-delivery-readiness-of-green-hydrogen-projects-under-third-auction-round-302529197.html
https://fuelcellsworks.com/2024/10/07/green-investment/uae-saudi-arabia-lead-arab-investments-in-green-hydrogen
https://www.spglobal.com/commodity-insights/en/news-research/blog/energy-transition/011325-middle-east-eyes-global-role-in-green-hydrogen-trade
https://compass.hydrogencouncil.com/wp-content/uploads/2025/09/Hydrogen-Council-Global-Hydrogen-Compass-2025.pdf
https://transport.ec.europa.eu/transport-themes/clean-transport/alternative-fuels-sustainable-mobility-europe/alternative-fuels-infrastructure_en
https://transport.ec.europa.eu/transport-modes/air/environment/refueleu-aviation_en#key-facts
https://www.gov.uk/government/collections/sustainable-aviation-fuel-saf-mandate
https://www.icf.com/insights/aviation/saf-ecosystem-in-japan
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/energy-transition/021924-singapore-mandates-saf-use-for-departing-flights-to-introduce-levy-from-2026
https://www.csis.org/analysis/china-unveils-its-first-long-term-hydrogen-plan
https://www.ifri.org/en/editorials/south-koreas-hydrogen-strategy-and-industrial-perspectives
https://iea.blob.core.windows.net/assets/89c1e382-dc59-46ca-aa47-9f7d41531ab5/GlobalHydrogenReview2024.pdf
https://www.canada.ca/en/environment-climate-change/services/managing-pollution/energy-production/fuel-regulations/clean-fuel-regulations/about.html
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Oil Refining  

Refining is the largest domestic consumer of hydrogen, primarily for hydrocracking (breaking heavy 
hydrocarbons into lighter, more valuable products such as gasoline, diesel, and jet fuel) and 
hydrodesulfurization (removing sulfur to meet quality and environmental standards for these fuels). Most 
of this hydrogen is currently produced on-site via SMR without carbon capture. Refining accounts for 68% 
of domestic hydrogen demand and 42.5% globally. 

Replacing this gray hydrogen with lower-carbon alternatives presents one of the most immediate and cost-
effective industrial decarbonization opportunities. Many refineries already produce and manage large 
hydrogen volumes on-site via SMR, so switching to low-emissions hydrogen would require relatively limited 
retrofitting—primarily the addition of carbon capture systems to existing SMRs.  

Blue hydrogen is particularly well-positioned to supply near-term refinery demand, as demonstrated by the 
Air Products–Valero system in Port Arthur, Texas, which has supplied low-carbon hydrogen to the refinery 
since 2013 while capturing around 1 million tons of CO₂ annually. 

Integrating low-carbon hydrogen into refining processes would also strengthen U.S. competitiveness in 
global fuel markets. As Europe and other regions adopt stricter lifecycle emissions standards for gasoline, 
diesel and jet fuel, U.S. refiners able to demonstrate lower emissions will be better positioned to protect 
and expand exports—especially along the Gulf Coast, already a global hub for refined product exports and 
home to several large-scale blue hydrogen projects. 

Transportation and Clean Fuels 
Beyond refining, clean hydrogen and derived fuels such as ammonia and methanol are well-suited for 
deployment as an alternative fuel across multiple transportation modes—from heavy-duty trucking to 
maritime shipping, aviation and material handling equipment. They enable low-emission operations while 
meeting the performance demands of both long-distance and intensive, on-site applications. Clean 
hydrogen offers a pathway not only to cut emissions, but also to enhance resilience by diversifying our fuel 
mix. 

Aviation and International Maritime Shipping: among the most promising applications, as few alternatives 
can satisfy the high energy demands of long-distance transport.  

• Maritime Transport and Shipping. Clean hydrogen and derived fuels like ammonia or methanol are 
emerging as promising alternatives to heavy fuel oil or diesel in shipping and harbor craft. 
The use of clean ammonia or methanol in maritime shipping could reduce CO2 emissions by 
between 60% and 95% compared to conventional fuels, depending on the lifecycle emissions of the 
hydrogen used. Demonstration projects are underway in coastal ports and on inland waterways in 
the U.S. and abroad, including hydrogen-powered tugboats, towboats, ferries and ammonia- or 
methanol-fueled cargo vessels.  

• Aviation. Sustainable aviation fuels (SAFs) produced via hydrogen-based processes, such as 
synthetic kerosene, offer a near drop-in solution to lower emissions from commercial aviation. DOE 
estimates that SAF could reduce lifecycle greenhouse gas emissions by up to 94% compared to 
conventional jet fuel, depending on the feedstock and production pathway. While costs and 
feedstock availability remain challenges, early commercial use has begun through demonstration 
flights and low-percentage blends on select routes. 

Hydrogen may also power short-haul or regional aircraft directly via fuel cells, producing mainly 
water vapor when consumed. Although currently limited to demonstration projects, some major 
airlines and aviation companies are investing in technology partnerships, prototype testing and 

https://www.eia.gov/todayinenergy/detail.php?id=61763
https://efifoundation.org/wp-content/uploads/sites/3/2024/01/H2-Market-Evaluation-FINAL-with-cover.pdf
https://www.airproducts.com/company/innovation/carbon-capture
https://www.valero.com/about/locations/port-arthur-refinery
https://fchea.org/gulf-states-lead-the-charge-in-u-s-hydrogen-transition-with-major-investments-and-policy-backing/
https://globalmaritimeforum.org/news/zero-emission-shipping-fuels-methanol-and-ammonia/
https://www.weforum.org/stories/2023/08/green-methanol-clean-fuel/
https://www.weforum.org/stories/2023/08/green-methanol-clean-fuel/
https://globalmaritimeforum.org/news/zero-emission-shipping-fuels-methanol-and-ammonia/
https://go.amogy.co/en/amogys-ammonia-powered-tugboat
https://maritimepartnersllc.com/maritime-partners-signs-design-basis-agreement-with-u-s-coast-guard-for-m-v-hydrogen-one-power-system/
https://sanfranciscobayferry.com/sea-change-hydrogen-powered-ferry-schedule/
https://www.hydrogeninsight.com/transport/maersk-unveils-world-s-largest-methanol-powered-vessel-almost-eight-times-bigger-than-its-pioneering-predecessor/2-1-1589539
https://afdc.energy.gov/fuels/sustainable-aviation-fuel
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/agriculture/120121-united-airlines-launches-first-commercial-flight-with-100-saf
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/agriculture/120121-united-airlines-launches-first-commercial-flight-with-100-saf
https://ir.jetblue.com/news/news-details/2025/JetBlue-Marks-First-Regular-Supply-of-Sustainable-Aviation-Fuel-SAF-for-Commercial-Air-Travel-in-New-York/default.aspx
https://www.hydrogeninsight.com/transport/hydrogen-flight-zeroavia-and-klm-plan-to-fly-large-regional-aircraft-powered-by-h2-fuel-cells-by-2026/2-1-1682490
https://www.hydrogeninsight.com/transport/hydrogen-flight-zeroavia-and-klm-plan-to-fly-large-regional-aircraft-powered-by-h2-fuel-cells-by-2026/2-1-1682490
https://zeroavia.com/zeroavia-raises-further-35-million-for-zero-emission-flight-technology-taking-total-raised-to-115-million/
https://www.airbus.com/en/newsroom/press-releases/2025-06-airbus-and-mtu-aero-engines-advance-on-hydrogen-fuel-cell-technology?utm_source=chatgpt.com
https://www.hydrogeninsight.com/transport/hydrogen-flight-zeroavia-and-klm-plan-to-fly-large-regional-aircraft-powered-by-h2-fuel-cells-by-2026/2-1-1682490
https://www.jobyaviation.com/news/joby-demonstrates-potential-regional-journeys-landmark-hydrogen-electric-flight/
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conditional purchase agreements with the aim of launching hydrogen-powered aircraft within the 
next five years. 

Long-Haul Trucking: This segment of road transportation is where hydrogen shows the greatest potential 
for decarbonization, whereas other technologies have become more established in passenger vehicles. 

Hydrogen fuel cell vehicles (HFCVs) offer fast refueling, high energy efficiency, long range and strong 
payload capacity, making them well-suited for freight corridors and regional distribution networks. 
According to DOE, heavy-duty hydrogen vehicles can refuel in 10-15 minutes, with some prototypes 
achieving a range of over 600 miles. 

DOE estimates that the lifecycle emissions of hydrogen-fueled trucks can be 20 to 80% lower than that of 
conventional internal combustion engines, depending on the hydrogen production pathway. Adoption 
faces some challenges, including limited public refueling infrastructure, high vehicle costs and a small 
number of available models, but some major companies are already testing out long-haul hydrogen trucks.  

Material Handling Equipment: Hydrogen fuel cells are also a strong fit for industrial machinery such as 
forklifts, reach stackers or yard trucks, which operate in high-utilization, on-site environments, as well as 
drayage trucks that run continuous short-haul routes between ports, rail yards and warehouses. They can 
refuel in minutes, provide reliable power over long shifts and use localized fueling stations. Beyond 
operational efficiency, employing hydrogen-fueled machinery can significantly reduce local air pollution, 
making it particularly valuable in indoor or localized working environments such as warehouses and ports.  

Fuel cell forklifts, in particular, are already deployed at scale in the United States, proving that hydrogen-
powered vehicles can be a commercially viable solution for industrial fleets. Around 70,000 forklifts are 
already in operation at warehouses, manufacturing plants and distribution centers across the country. 
Hydrogen-powered drayage trucks, which run continuous short-haul routes between ports, rail yards and 
warehouses, are also a strong fit for warehouse and port-adjacent environments, with small-scale and pilot 
projects in development. 

Steelmaking 

Clean hydrogen could play a critical role in supporting the decarbonization of most steel production 
pathways. Globally, the majority of emissions in the sector stem from the reliance of most countries on 
traditional coal-based blast furnaces. These emissions are hard to abate due to the high temperatures and 
chemical reactions involved. China and India, the world’s top two steel producers, remain heavily reliant on 
this method. 

In the U.S., most steel—over 70%—is made in electric arc furnaces (EAFs), which recycle scrap steel using 
electricity. EAFs are significantly less carbon-intensive than blast furnaces but are not emissions-free. In EAF 
steelmaking, Direct Reduced Iron (DRI)—produced by using natural gas (or, in some regions, coal) as a 
reducing agent to remove oxygen from iron ore—is often blended into EAF feedstock to improve steel 
quality. Rising demand for high-quality steel and limited scrap availability mean more primary iron 
production will still be needed, with global steel demand expected to grow 32% by 2050. 

Hydrogen can be a decarbonizing asset for both production methods, either as a source of high-
temperature heat, or as an alternate reducing agent:  

• In traditional blast furnaces, which rely on coal and coke as both a fuel and reducing agent, 
hydrogen can partially substitute coal. This can significantly reduce process emissions, with one 
Nippon Steel pilot project reporting a 42% reduction in CO2 emissions through hydrogen use. 

• In EAF-based steelmaking paired with Direct Reduced Iron, hydrogen can be used as an alternate 
reducing agent in the DRI process. According to DOE, this could reduce process emissions by 40 to 

https://news.aa.com/news/news-details/2024/American-Airlines-commits-to-conditional-purchase-of-100-ZeroAvia-hydrogen-powered-engines-increases-investment-in-hydrogen-electric-innovator-CORP-OTH-07/default.aspx
https://afdc.energy.gov/fuels/hydrogen-basics#fueling-times
https://www.reuters.com/sustainability/decarbonizing-industries/can-we-take-brakes-off-drive-decarbonise-trucking-2025-05-21/
https://www.energy.gov/sites/default/files/2025-01/rd-greet-hydrogen-fact-sheet_january-2025.pdf
https://fuelcellsworks.com/2025/04/22/clean-energy/hydrogen-trucks-battery-electric-vehicles-and-more-how-amazon-is-fostering-sustainability-this-earth-day
https://fuelcellsworks.com/2025/04/05/clean-energy/hyster-hydrogen-fuel-cell-powered-reachstacker-recognized-in-2025-big-innovation-awards
https://afdc.energy.gov/fuels/hydrogen-basics
https://fuelcellsworks.com/2025/12/09/fuel-cells/rutgers-secures-13m-grant-to-deploy-six-green-hydrogen-trucks-at-port-newark
https://fuelcellsworks.com/2025/12/09/fuel-cells/rutgers-secures-13m-grant-to-deploy-six-green-hydrogen-trucks-at-port-newark
https://worldsteel.org/data/world-steel-in-figures/world-steel-in-figures-2025/
https://reports.weforum.org/docs/WEF_Net_Zero_Industry_Tracker_2024.pdf
https://pubs.usgs.gov/periodicals/mcs2025/mcs2025-iron-steel.pdf
https://rmi.org/forging-a-clean-steel-economy-in-the-united-states/
https://www.bcg.com/publications/2024/shortfalls-in-scrap-will-challenge-steel-industry
https://reports.weforum.org/docs/WEF_Net_Zero_Industry_Tracker_2024_Steel.pdf
https://www.eia.gov/tools/glossary/index.php?id=Coke
https://fuelcellsworks.com/2025/01/03/clean-energy/breaking-barriers-world-s-first-43-percent-co2-reduction-in-blast-furnaces-with-hydrogen
https://www.hydrogen.energy.gov/docs/hydrogenprogramlibraries/pdfs/clean-hydrogen-strategy-roadmap.pdf?Status=Master
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70%. Hydrogen use in this pathway is considered one of the most promising approaches for 
emissions reduction in steelmaking. While near-term uptake is constrained by cost, scaling up clean 
hydrogen production would lower costs and help drive broader adoption. 

Leveraging hydrogen in steel production can help the U.S. meet growing global demand for clean 
construction materials and vehicle components while reinforcing domestic competitiveness and leadership 
in clean manufacturing. A global market for low-carbon steel is beginning to emerge—and if America does 
not act quickly, competitors will seize the opportunity. 

• Europe: Regulatory changes such as the EU’s CBAM and rising demand from the automotive, 
offshore wind, and construction sectors are fostering a premium market for low-carbon steel. Some 
projects have been delayed by high electricity costs—nearly double those in the U.S.—and by 
competition from cheaper, higher-emission imports from China. Yet major European steel 
manufacturers remain committed to long-term decarbonization, and as policy and demand signals 
strengthen, Europe could become a lucrative export market for North American low-carbon steel. 

• East Asia: Japan is also making major investments in clean steel manufacturing. In May 2025, 
Nippon Steel committed around $5.7 billion, supported by $1.65 billion in government funds, to 
deploy clean hydrogen in both blast furnaces and in the production of DRI for use in EAFs. 

• Latin America: Brazil is positioning itself as an early mover, with plans to export clean hydrogen to 
steelmakers in Europe. In January 2025, Brazil announced the selection of 12 hydrogen hubs to 
support the decarbonization of its industry. 

Ammonia and Fertilizers  

Fertilizer manufacturing is one of the largest existing uses of hydrogen worldwide. About 21% of domestic 
hydrogen production is used to make ammonia, the key ingredient in most fertilizers. And 88% of that 
ammonia is destined for fertilizer production. Globally, roughly 36% of hydrogen production is used to 
make ammonia and fertilizer production accounts for nearly 70% of ammonia demand. 

Ammonia and fertilizer production are emissions-intensive. China leads global ammonia output, accounting 
for 31% of production—with 85% of this relying on coal—followed by India (10%), the United States and 
Russia (9% each). 

Using low-carbon hydrogen in ammonia production represents one of the fastest and most scalable ways to 
reduce emissions in agriculture. According to DOE, using clean hydrogen for ammonia and methanol 
manufacturing could cut their lifecycle emissions by over 90%. It also creates opportunities for cleaner 
fertilizer exports, as other regions consider the ammonia and fertilizer industry in their decarbonization 
strategies. The EU’s CBAM, for example, is tightening carbon accounting for fertilizer imports, creating a 
premium market for producers that can demonstrate lower lifecycle emissions. 

Today, clean ammonia is the largest target end use for announced U.S. clean hydrogen production projects. 
Some US companies have already begun production of low-carbon ammonia, such as the CF Industries 
facility in Donaldsonville, Louisiana, which has been retrofitted with carbon capture technology and began 
producing “blue ammonia” in July 2025. The company is also planning the construction of a second large-
scale blue ammonia plant at the complex. 

Methanol, Plastics, and Resins 

Around 11% of domestic hydrogen is used to produce chemicals such as methanol. Globally, methanol 
accounts for around 16% of total hydrogen demand. In addition to its potential as a marine fuel, it is a 
fundamental intermediary building block for a wide range of plastics (polyethylene, polypropylene, PVC) 

https://www.hydrogen.energy.gov/docs/hydrogenprogramlibraries/pdfs/clean-hydrogen-strategy-roadmap.pdf?Status=Master
https://deloitte.wsj.com/sustainable-business/decarbonizing-steel-production-more-than-a-pipe-dream-2f92cffb?gaa_at=eafs&gaa_n=ASWzDAj2wPZkSw0MVdF4D0gmfzFoglGJxVM_LcLXw5fr3EOyh1XoZ2o5Yx9wm3SHUTM%3D&gaa_ts=68a617fc&gaa_sig=srIG3rQMSDrk4AYTX43uPQSeRUoCHhbeU2Kdcv5pExKTrAIjm0hER8J6iW3l_XB7XxzOwaC1c_WSHfy3y3DVKA%3D%3D
https://www3.weforum.org/docs/WEF_Net_Zero_Tracker_2023_REPORT.pdf
https://www.wsj.com/finance/commodities-futures/green-steel-becomes-a-hot-commodity-for-big-auto-makers-11631525401?mod=article_inline
https://www.spglobal.com/commodity-insights/en/news-research/blog/metals/010625-prices-and-policies-forging-the-green-steel-market
https://www.ciphernews.com/articles/this-one-chart-shows-europes-struggle-with-high-energy-prices/
https://www.ft.com/content/a0f79a5b-4bc8-48ca-bd5c-d68e29c57b98
https://www.hydrogeninsight.com/industrial/green-hydrogen-based-steel-is-still-a-possibility-for-us-insists-arcelormittal/2-1-1849111
https://www.hydrogeninsight.com/industrial/green-hydrogen-based-steel-is-still-a-possibility-for-us-insists-arcelormittal/2-1-1849111
https://www.spglobal.com/commodity-insights/en/news-research/blog/metals/010625-prices-and-policies-forging-the-green-steel-market
https://fuelcellsworks.com/2025/05/30/green-investment/nippon-steel-greenlights-hydrogen-powered-electric-arc-furnace-project-for-decarbonization
https://www.nipponsteel.com/common/secure/en/news/20250530_200.pdf
https://www.spglobal.com/commodity-insights/en/news-research/blog/metals/010625-prices-and-policies-forging-the-green-steel-market
https://www.hydrogeninsight.com/production/eu-backs-brazilian-project-using-clean-hydrogen-to-make-green-iron-for-export/2-1-1793616
https://www.hydrogeninsight.com/production/eu-backs-brazilian-project-using-clean-hydrogen-to-make-green-iron-for-export/2-1-1793616
https://fuelcellsworks.com/2025/01/01/news/brazil-mme-announces-the-selection-f-12-projects-for-the-creation-of-hydrogen-hubs
https://www.energy.gov/eere/fuelcells/fact-month-may-2018-10-million-metric-tons-hydrogen-produced-annually-united-states#:~:text=Contact%20Us-,Fact%20of%20the%20Month%20May%202018%3A%2010%20Million%20Metric%20Tons,Annually%20in%20the%20United%20States&text=Most%20of%20the%20hydrogen%20produced,process%20called%20steam%20methane%20reforming.
https://pubs.usgs.gov/periodicals/mcs2025/mcs2025-nitrogen.pdf
https://efifoundation.org/wp-content/uploads/sites/3/2024/01/H2-Market-Evaluation-FINAL-with-cover.pdf
https://www.iea.org/reports/ammonia-technology-roadmap/executive-summary
https://pubs.usgs.gov/periodicals/mcs2025/mcs2025-nitrogen.pdf
https://pubs.usgs.gov/periodicals/mcs2025/mcs2025-nitrogen.pdf
https://pubs.usgs.gov/periodicals/mcs2025/mcs2025-nitrogen.pdf
https://www.hydrogen.energy.gov/docs/hydrogenprogramlibraries/pdfs/us-national-clean-hydrogen-strategy-roadmap.pdf?sfvrsn=c425b44f_5
https://www.carbontrust.com/news-and-insights/insights/cbam-and-fertilisers-what-it-means-to-importers-and-exporters-to-the-eu#:~:text=Under%20the%20Carbon%20Border%20Adjustment,encouraging%20cleaner%20industrial%20production%20globally.
https://www.energy.gov/sites/default/files/2025-07/LIFTOFF_DOE_Clean-Hydrogen.pdf
https://www.cfindustries.com/newsroom/2025/donaldsonvilleccs
https://www.cfindustries.com/newsroom/2025/donaldsonvilleccs
https://www.hydrogeninsight.com/production/cf-industries-starts-co2-capture-for-retrofitted-blue-hydrogen-based-ammonia-plant-with-a-controversial-storage-option/2-1-1845986
https://www.hydrogen.energy.gov/docs/hydrogenprogramlibraries/pdfs/16015_current_us_h2_production.pdf?Status=Master
https://efifoundation.org/wp-content/uploads/sites/3/2024/01/H2-Market-Evaluation-FINAL-with-cover.pdf
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and formaldehyde-based resins that are important for the manufacturing of products like particleboard, 
coatings, paints and adhesives. The use of low-carbon methanol would reduce the lifecycle emissions 
across these products. 

Policy Recommendations 
As with any emerging technology, business certainty breeds faster deployment. Stable, predictable 
incentives and clear regulatory signals help provide investors and developers with the confidence needed 
to move forward with large-scale clean hydrogen projects.  

1.  Section 45V Clean Hydrogen Production Tax Credit 

The 45V tax credit is the United States’ premier incentive for clean hydrogen deployment. It provides a 
tiered production-based incentive tied to lifecycle emissions, with the highest credit level awarded to 
production with the lowest emissions. It will help reduce capital costs for first-of-a-kind projects and 
accelerate initial deployment. 

The scale of private investment announced since the establishment of both the Hubs program and the 45V 
credit underscores how quickly deployment can accelerate when strong incentives are in place. The 
decision to keep the 45V tax credit in place through 2027 was a result of key Republican Congressional 
support. Through preservation of this incentive, Congress is providing vital policy stability needed to scale 
this emerging energy sector. Continued focus on speedy and efficient implementation will be key to 
accelerating deployment in this strategic sector. 

2. Leverage DOE’s Hydrogen Hubs to Scale the Hydrogen Economy 

DOE’s Regional Clean Hydrogen Hubs program is central to building a robust domestic hydrogen economy. 
By pooling risk and resources, the hubs aim to enable economies of scale that would be difficult for 
individual investors or developers to achieve on their own. Additionally, the deliberate focus on geographic 
and technological diversity ensures the U.S. avoids reliance on any single production pathway, 
strengthening resilience and energy independence. Industrial clusters have already started forming in each 
hydrogen hub location, which leverage the unique advantages of each region’s energy mix. 

Hubs also strengthen U.S. international competitiveness, especially as other regions and countries advance 
similar hub strategies—including the EU, Japan, Brazil and Australia. Continued federal support for 
hydrogen hubs at this stage is vital to achieve scale-up and ensure we remain competitive vis-a-vis global 
competitors such as China and the EU.  

3. Continued Federal Support Across R&D, Demonstration and Commercialization 

Sustained federal engagement across the innovation chain—from early-stage R&D to first-of-a-kind 
demonstrations and commercial deployment—plays a critical role in building a competitive hydrogen 
economy. Continued support and funding for DOE programs that advance clean hydrogen technologies will 
be key to accelerating deployment and securing America’s technological edge in this emerging sector. 

4. Streamline Permitting for Associated Infrastructure 

Comprehensive permitting reform can create predictable, efficient processes that will accelerate the 
buildout of new energy assets—including those associated with clean hydrogen. Under the current 
permitting structure, supportive infrastructure such as hydrogen and CO2 pipelines face ambiguous or 

https://www.irs.gov/credits-deductions/clean-hydrogen-production-credit
https://cresforum.org/wp-content/uploads/2024/05/05_20_2024_White-Paper_Hydrogen.pdf
https://www.catf.us/us-hydrogen-hubs-map/
https://www.catf.us/us-hydrogen-hubs-map/
https://www.catf.us/resource/roadmap-deployment-eu-hydrogen-valleys/
https://fuelcellsworks.com/2025/03/13/fuel-cells/japan-initiates-multimillion-yen-tender-for-development-of-hydrogen-hubs#google_vignette
https://decarbonization.unido.org/news/brazil-industry-decarbonization-hubs/
https://www.dcceew.gov.au/energy/hydrogen/building-regional-hydrogen-hubs
https://www.vnf.com/Hydrogen-Pipelines
https://blogs.law.columbia.edu/climatechange/2023/10/18/permitting-co2-pipelines-overcoming-state-and-federal-barriers-to-co2-pipeline-networks/
https://scholarship.law.columbia.edu/sabin_climate_change/207/
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patchwork governance regimes—with no single federal agency having clear siting authority—that are often 
scattered across different agencies and that can vary significantly from state to state. 

5. Position the United States as a Global Supplier of Choice 

The opportunity is ripe for coordination between policymakers and U.S. businesses to position the United 
States to compete effectively as a leading supplier of clean hydrogen and hydrogen-derived products in 
international markets. Through supportive policies such as the 45V tax credit and the Clean Hydrogen Hubs 
program, policymakers can facilitate the scale-up of the domestic clean hydrogen sector that, combined 
with effective trade relationships, will enable US producers to successfully compete in the global market 
and reinforce America’s role as a dominant energy supplier. 

Conclusion 

Clean hydrogen is a strategic lever for American economic growth, industrial revitalization and global 
competitiveness. With the right mix of policy, private investment and innovation, America can secure 
leadership in this emerging market, protect and expand export advantages and open new opportunities for 
American technologies and jobs. 

 

 

 

https://scholarship.law.columbia.edu/sabin_climate_change/207/

	What is Clean Hydrogen?
	Fueling Growth and Global Leadership
	An Engine for Job Creation and Economic Growth
	The Global Hydrogen Landscape: Competition and Opportunity

	Clean Hydrogen's Potential in Hard-To-Abate Sectors
	Refining, Fuels and Transportation
	Oil Refining
	Transportation and Clean Fuels

	Steelmaking
	Ammonia and Fertilizers
	Methanol, Plastics, and Resins

	Policy Recommendations
	1.  Section 45V Clean Hydrogen Production Tax Credit
	2. Leverage DOE’s Hydrogen Hubs to Scale the Hydrogen Economy
	3. Continued Federal Support Across R&D, Demonstration and Commercialization
	4. Streamline Permitting for Associated Infrastructure
	5. Position the United States as a Global Supplier of Choice

	Conclusion

