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Introduction 
In a low-carbon world, low-emissions hydrogen will be useful as an energy carrier and when end uses are 
too hard or expensive to electrify. Thus, hydrogen plays a key role in modeled scenarios of a decarbonized 
future. Notably, the International Energy Agency’s (IEA) Net-zero Scenario has called for hydrogen from 
low-carbon sources to make up 10 percent of final energy consumption worldwide by 2050. This large 
scale of projected consumption means that standing up an industry to make, process, and use low-carbon 
hydrogen is one part of a needed response for many countries, including the United States.

In the Infrastructure Investment and Jobs Act (IIJA), the U.S. Congress authorized the creation of Regional 
Clean Hydrogen Hubs (H2Hubs) to address the multiple challenges facing this nascent industry. In the 
United States, there is presently little production of low-emissions hydrogen, few users, and almost no 
linkages between them. To solve these challenges, the legislation calls for each H2Hub to establish “a 
network of clean hydrogen producers, potential clean hydrogen consumers, and connective infrastructure 
located in close proximity” to demonstrate the production, processing, storage, transportation, and use of 
clean hydrogen. 

Under the legislation, hydrogen is considered clean if less than two kilograms of carbon dioxide (CO2) is 
emitted for every kilogram of hydrogen produced. The production of such low-emissions hydrogen is the key 
requirement of the H2Hubs program, which also needs to demonstrate the production of clean hydrogen 
from different sources, including fossil fuel feedstocks, renewables, and nuclear power. H2Hubs will also need 
to demonstrate the use of hydrogen in power generation, industry, heating, and transportation. 

The legislation also calls for H2Hubs to be an engine of economic growth and investment in the regions 
where the hubs are located. Beyond the formal requirements for technical demonstration, the only other 
instruction from Congress is that the U.S. Department of Energy (DOE) “shall give priority to regional clean 

https://www.iea.org/reports/global-hydrogen-review-2021/executive-summary
https://www.congress.gov/bill/117th-congress/house-bill/3684/text
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hydrogen hubs that are likely to create opportunities for skilled training and long-term employment to 
the greatest number of residents in the region.” In a June 2022 announcement on the program, the DOE 
highlighted how the economic goals of the program are part of the IIJA and President Biden’s agenda, 
including by “enhancing U.S. competitiveness in the world, creating good jobs, and ensuring stronger 
access to these economic benefits for underserved communities.”

The H2Hubs program offers $8 billion in investment for a nascent industry that could both help the United 
States reduce greenhouse gas emissions and lead the way in a growing part of the global energy industry, 
creating jobs and economic benefits at home. As communities, states, and consortia compete for H2Hubs 
grants, they can design hubs for technical and economic success. And the DOE can build upon existing 
experience instituting Energy Innovation Hubs to build ecosystems of innovation at a large scale.

In spring 2022, the CSIS Energy Security and Climate Change Program hosted several workshops to explore 
how best practices in regional economic development and innovation policy could help inform the design 
and administration of H2Hubs. The program also considered how hub models are being used around the 
world to foster investment in clean-hydrogen production and create market demand for it. This report is a 
product of those workshops and research that preceded and followed them. 

 GLOBAL OVERVIEW
Countries are planning pathways to net-zero greenhouse gas emissions that rely on clean hydrogen, 
leading to growing investment interest around the world. Potential producers see clean hydrogen exports 
as an economic opportunity. Potential consumers see its benefits for decarbonization and energy security. 
However, globally, interest is only beginning to turn into investment. 

The Global Hydrogen Review from the IEA tracks planned clean-hydrogen projects. As of November 2021, 
combined projects under development would produce 17 million tons (Mt) of low-carbon hydrogen by 
2030, 8 from electrolysis and 9 from fossil fuels with carbon capture. The IEA estimates that global demand 
would be 80 Mt in its net-zero 2050 scenario. 

Most policy support to date has focused on the supply side of the equation. Measures to induce demand 
are harder to find. Without adequate demand, however, scaling production processes for hydrogen will not 
create a reasonable path toward commercialization or reliable supply. A clean-hydrogen production tax 
credit was among the tax incentives proposed as part of President Biden’s climate agenda, indicating that 
such a policy may be implemented in the United States in the future. 

The Russian invasion of Ukraine may have created an early market for low-emissions hydrogen. The 
European Union’s RePowerEU plan targets consuming 20 Mt of hydrogen from low-carbon sources, with 
10 Mt produced within the European Union and 10 Mt imported. Such a strong market pull could make a 
significant difference for nascent projects in countries targeting Europe as an export market.

Meeting Requirements for H2Hubs
Under the authorizing language of the IIJA, H2Hubs must satisfy requirements for regional diversity, 
feedstock diversity, and end-use diversity across the different hydrogen hubs. This section reviews those 
requirements and shows that the early response to H2Hubs indicates the program should be able to satisfy 
the IIJA’s technical demonstration requirements. 

https://oced-exchange.energy.gov/Default.aspx#FoaId4e674498-618c-4f1a-9013-1a1ce56e5bd3
https://www.energy.gov/science-innovation/innovation/hubs
https://www.iea.org/reports/global-hydrogen-review-2021
https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal/repowereu-affordable-secure-and-sustainable-energy-europe_en
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REGIONAL DIVERSITY
To satisfy regional diversity, the DOE is required to support at least four hubs in distinct regions. Responses 
to the DOE request for information suggested nine regional clusters (the Pacific Northwest, California, 
the Southwest, the Central United States, the Gulf Coast, the Great Lakes, New England, Appalachia, 
and Alaska and Hawaii). More granular independent studies have identified at least 13 regional clusters 
featuring existing hydrogen production, consumption, or infrastructure, where multiple clusters exist 
within broad geographical regions (e.g., the areas around Baton Rouge, Louisiana, and Houston, Texas, are 
both on the Gulf Coast). 

In the June 2022 notice of intent, the DOE noted that it would likely target 6–10 hub proposals for 
advancement through the first phase of concept to planning. A survey of press releases, coverage in 
the trade press, and other resources shows 22 efforts to establish candidate hubs (at various levels of 
conceptual development) around the country as of June 2022. That figure leaves plenty of options for the 
DOE to later choose among or consolidate and still meet the requirements of geographical diversity. 

WHAT DEFINES A REGION?
The purpose of the hub model is to accelerate and support the coordinated actions of firms at different 
parts of the clean-hydrogen value chain and connect them with research, development, and workforce 
capacity. Rather than focusing solely on geographic region or states, H2Hubs can better define their 
footprint in terms of the connections they plan to build among firms, installations and infrastructure, 
existing institutions such as universities and colleges, and civil society actors. This network approach will 
better allow for self-organization among regional actors, complementing more formal coordination efforts.

Flexibility for self-definition would allow multiple H2Hubs, or at least nodes within them, to work in 
the same geographic regions and add scale and diversity to the portfolio of H2Hubs without forcing 
consolidation. For example, the Gulf Coast—spanning Texas, Louisiana, Mississippi, and Alabama—hosts 
existing infrastructure, consumers of hydrogen in the chemical industry, and prospective participants 
in H2Hubs. Multiple hubs may be created in this wide geographical region without straining local 
resources. Likewise, market opportunities in states with net-zero targets or high levels of current 
hydrogen consumption can be made accessible to multiple H2Hubs through connective infrastructure 
that crosses states.

Adapted from response to DOE Hydrogen Program Request for Information #DE-FOA-0002664

FEEDSTOCK DIVERSITY
From early announcements, H2Hub proposals will include hydrogen produced from fossil fuel feedstocks 
and from electrolysis powered by renewables. Several nascent hubs also include nuclear-powered 
electrolysis as part of their concept. The key indicators of long-term viability for either will be the cost of 
producing hydrogen from electrolysis with clean power at scale and the emissions intensity, including 
upstream emissions, of hydrogen made with fossil fuel feedstocks.

The United States currently produces approximately 10 Mt of hydrogen per year, about 95 percent of which 
is made via natural gas reforming (also known as steam-methane reforming or SMR) in large central plants. 
Several of those plants use carbon capture to reduce the emissions intensity of hydrogen production, but no 
facility is yet producing hydrogen with an emissions intensity at or below the benchmark set by the IIJA. 

https://www.energy.gov/sites/default/files/2021-12/h2iq-12082021.pdf
https://betterenergy.org/blog/gpi-carbon-and-hydrogen-hubs-atlas/
https://oced-exchange.energy.gov/Default.aspx#FoaId4e674498-618c-4f1a-9013-1a1ce56e5bd3
https://www.csis.org/analysis/hydrogen-hubs-proposals-guideposts-future-us-hydrogen-economy
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Technical assessments show that it is possible to produce hydrogen from fossil fuel feedstocks with 
emissions intensity at or below 2 kilograms of carbon-dioxide equivalent at the production facility. At a 
high rate of CO2 capture, hydrogen produced with SMR or auto-thermal reforming will meet the emissions 
intensity target, according to studies from Pembina and the Global CCS Institute. However, capturing the 
carbon dioxide at high efficacy and at reasonable cost will require innovation. 

A key challenge for fossil fuel hydrogen will be the emissions associated with natural gas production 
and distribution. Even at high capture rates, carbon capture and storage (CCS) might not be effective 
for producing clean hydrogen after taking into account fugitive methane emissions, other upstream 
emissions, and carbon emissions outside of the CCS process stream, particularly under the least favorable 
assumptions for methane-leak rates and high global-warming potential. Managing upstream emissions is 
not a formal requirement of the H2Hubs program, but it has been identified as a priority by the DOE and 
will be a key metric for marketing hydrogen for the purposes of decarbonization. 

The main alternative to hydrogen produced from fossil fuel feedstocks is hydrogen produced by 
electrolysis. At current levels of carbon intensity, the emissions associated with grid-powered electrolysis 
would exceed the clean-hydrogen standard. When electrolysis is powered by renewables or nuclear power 
exclusively, this concern will be obviated. Cost is the other challenge. Electrolysis is an expensive process 
because of the price of electrolyzers—but in the long term, predicted declines in the cost of electrolysis will 
help scale up this pathway and make green hydrogen more competitively priced. 

Nuclear energy is another electrolysis-based alternative. A source of both constant clean electricity and 
thermal heat at scale, nuclear power could be leveraged for hydrogen production via electrolysis at higher 
temperatures, resulting in higher efficiencies and decreased electricity consumption per unit of hydrogen. 

END-USE DIVERSITY
Hydrogen consumption in the United States is currently dominated by users in the refining sector (57 
percent), ammonia and methanol production (38 percent), and metal treating (2 percent). The H2Hubs 
program aims to increase end-use diversity by ensuring that hubs gear hydrogen use toward at least one 
of the following sectors: electric power generation, residential and commercial heating, heavy industry, 
or transportation.

 ▪ Electric Power Generation – As the share of intermittent renewable power sources increases, clean 
hydrogen will be able to meet the rising demand for dispatchable and low-carbon electricity thanks to 
a comparatively lower levelized cost of storage than other storage technologies for discharge durations 
longer than two days. Hydrogen could be used in fuel cells as a cleaner alternative to diesel generators 
or be blended with natural gas. Ongoing projects in the United States currently seek to burn a fuel 
blend of hydrogen and natural gas in power plants but ultimately aim to run exclusively on hydrogen.

 ▪ Residential and Commercial Heating – Heating and cooling in the residential and commercial 
sector account for 13 percent of U.S. greenhouse gas emissions. Although it is still in early stages 
of development, a heating-fuel blend of up to 20 percent hydrogen could be used with existing 
infrastructure and appliances. Meanwhile, a full conversion to 100 percent hydrogen-fueled heating 
of buildings may be costly and pose a logistical challenge because of the need to replace pipes, fittings, 
and appliances. 

https://www.pembina.org/reports/carbon-intensity-of-blue-hydrogen-revised.pdf
https://www.globalccsinstitute.com/wp-content/uploads/2021/10/2021-Global-Status-of-CCS-Report_Global_CCS_Institute.pdf
https://onlinelibrary.wiley.com/doi/full/10.1002/ese3.956
https://onlinelibrary.wiley.com/doi/full/10.1002/ese3.956
https://www.globalccsinstitute.com/wp-content/uploads/2021/10/2021-Global-Status-of-CCS-Report_Global_CCS_Institute.pdf
https://irena.org/-/media/Files/IRENA/Agency/Publication/2020/Dec/IRENA_Green_hydrogen_cost_2020.pdf
https://www.energy.gov/eere/fuelcells/hydrogen-shot
https://www.sciencedirect.com/topics/engineering/high-temperature-steam-electrolysis
https://www.sciencedirect.com/topics/engineering/high-temperature-steam-electrolysis
https://www.statista.com/statistics/1179429/us-hydrogen-consumption-share-by-sector/
https://media.rff.org/documents/RFF_Report_20-25_Decarbonized_Hydrogen.pdf
https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/electric-power/081221-first-major-us-hydrogen-burning-power-plant-nears-completion-in-ohio
https://www.ipautah.com/ipp-renewed/
https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions#commercial-and-residential
https://www.fchea.org/in-transition/2021/2/22/heating-with-hydrogen
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 ▪ Industry – Presently, hydrogen consumption is dominated by oil refining, chemical production 
(e.g., methanol and ammonia), and iron and steel production. Refining offers an immediate source 
of scalable demand for clean hydrogen, which will reduce emissions intensity for refineries. In the 
chemical sector, ammonia and methanol will drive hydrogen demand as these hydrogen-based fuels 
are increasingly sought after for clean uses and applications, including potential export. Hydrogen is 
also one of the few low-emissions options for steelmaking and other manufacturing processes that 
require high temperatures. 

 ▪ Transportation – Fuel cells will be an important resource for transportation-sector applications that 
are hard to decarbonize via electrification. Hydrogen fuel-cell electric vehicles (FCEVs) would be 
better suited to meet the existing demand for longer driving ranges, heavy loads, and faster refueling 
times posed by medium- and heavy-duty trucks and vehicles, with forklifts representing an early 
market success. Further applications of hydrogen in transportation include long-haul rail and freight; 
maritime passenger vessels such as ferries, cruise ships, and river boats; and alternative aviation fuels.

The H2Hubs program requires end-use diversity, but the ultimate goal is to support the development 
of comprehensive, established markets. Moving from single end uses to regional markets with multiple 
participants will take focused effort by flexible institutions operating alongside, or within, H2Hubs. 

Tools for Building Clean Hydrogen Markets
Despite its promise, clean hydrogen has no established market where supply and demand meet through 
transparent prices. As hydrogen hubs take shape and support the production and use of clean hydrogen, 
establishing markets for clean hydrogen will be essential to the sustainability of the industry in the United 
States. Without a growing market, the regional expertise and infrastructure established by hubs will have 
little room to grow or sustain themselves after federal support is exhausted. And without sufficient offtake 
agreements and commercial demand, it may be hard to attract private capital to hubs at large scale. 

Hubs, host regions, and the DOE will need to find creative approaches to market building. As interest in 
building sustainable markets for hydrogen develops around the world, several tools have emerged that 
may guide best practices for planning and execution. These tools take advantage of hubs as financial and 
logistical focal points and engage with state policymakers to foster an adaptive policy framework. 

FEDERAL PROCUREMENT
Government procurement at sufficient scale can create initial demand for clean-hydrogen supplies and 
demonstrate political commitment to developing a clean-hydrogen economy. The viability of this policy tool 
rests on the authority and long-term commitment of the federal executive branch, which can help make 
demand predictable, thus facilitating the speedy development of a clean hydrogen market. In Executive 
Order (EO) 14057, signed in December 2021, the Biden administration recognized the role of the federal 
government as “the single largest land owner, energy consumer, and employer” in the nation that should 
“lead by example to leverage scale and procurement power to drive clean, healthy, and resilient operations.” 
Sustained commitment to these goals by future administrations will be important for market formation.

Federal standards setting can similarly be used to encourage clean-hydrogen applications in sectors 
that are otherwise hard to electrify and thus decarbonize. As a purchaser of end-use products or their 
components, any federal government agency could essentially specify the use of clean hydrogen in their 
manufacture. For example, a federal government could require steel and other materials used to construct 
federal buildings to meet a stringent emissions threshold that can essentially be met only through steel-

https://www.hydrogen.energy.gov/pdfs/hydrogen-program-plan-2020.pdf
https://static1.squarespace.com/static/53ab1feee4b0bef0179a1563/t/5e7ca9d6c8fb3629d399fe0c/1585228263363/Road+Map+to+a+US+Hydrogen+Economy+Full+Report.pdf
https://www.whitehouse.gov/briefing-room/presidential-actions/2021/12/08/executive-order-on-catalyzing-clean-energy-industries-and-jobs-through-federal-sustainability/
https://www.whitehouse.gov/briefing-room/presidential-actions/2021/12/08/executive-order-on-catalyzing-clean-energy-industries-and-jobs-through-federal-sustainability/
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production methods using clean hydrogen. Smelting iron to produce steel is highly carbon-intensive, 
making the iron and steel sector one of the most carbon-emitting industrial activities today. Instructing 
its contractors to use green steel (e.g., made from hydrogen-powered direct reduction of iron), federal 
agencies can jumpstart the demand for clean hydrogen. In fact, using construction materials with low-
embodied carbon emissions is among the target areas for federal procurement under EO 14057. 

EXCHANGES OR CLEARINGHOUSES
In an exchange—a marketplace for clean-hydrogen trading—the operator coordinates consumers’ purchase 
of clean hydrogen from producers, rather than having them contract with each other directly. Exchanges 
can be an effective tool to reduce transaction costs by participants, for instance by bundling consumer 
offtake to meet what a single large producer can provide. They can be particularly useful in building a 
market for clean hydrogen given that the pace and scope of scaling up remains uncertain on both the 
production and demand sides due to uncertainty over regulations and financial availability. 

H2Global in Europe is an example of how a government-funded intermediary can conduct dual auctions, 
one with commercial suppliers and another with commercial offtakers. This model of an exchange provides 
certainty to both producers and consumers by subsidizing and guaranteeing hydrogen trades. Contracts and 
deliveries can be short on the offtaker side, but the mechanism aims for the auctions to be held frequently 
enough to allow prices to rise to reflect the development of climate regulations that create greater value over 
time. This approach can accommodate new entrants—suppliers and offtakers—in a dynamic manner, unlike 
some other tools that set structural or physical parameters for a consortium of participants.

STATE POLICY DRIVERS
Policies at the subnational level can also help develop clean-hydrogen markets. Like the federal 
government, states have their own procurement policies and regulate utilities to set a variety of policy 
goals. Many states already have decarbonization commitments that include emissions-reduction targets for 
the power sector or statewide net-zero emissions goals. Several have also issued detailed action plans and 
sector-specific targets to meet such climate goals. These targets could unlock new and additional demand 
for clean hydrogen.

Both New York and California have set economy-wide net-zero emissions targets. As firms, gas utilities, 
and others in these states chart a course toward these targets, the market opportunity for prospective end 
uses of clean hydrogen is significant. Associated policies, such as California’s cap-and-trade program, low-
carbon fuel standard, and zero-emission vehicle mandate, offer additional sources of potential support and 
crediting for clean-hydrogen deployment. 

Capturing Benefits from H2Hubs
Government support for innovation can help develop new technologies and resources that help 
transform the U.S. economy. Low-cost solar power, hydraulic fracturing, and electric vehicles have all 
benefited from government and DOE support for research, innovation, and deployment. Efforts like 
the Energy Innovation Hubs or Manufacturing USA Initiative help create regional centers of research, 
innovation, and new investment. 

H2Hubs could yield significant climate and economic benefits. Innovation to reduce the costs and improve 
the emissions-abatement potential of clean hydrogen will aid decarbonization worldwide. The investment 
that accompanies H2Hubs will lead to employment, value creation, and economic growth in the regions 
where hubs operate. And by building clean-hydrogen supply chains domestically, the program can help 

https://www.manufacturingusa.com/
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establish the United States as an international leader in clean hydrogen. To maximize these benefits, 
H2Hubs need to look beyond the applied challenges of project finance and technical demonstration and 
work more broadly on building sympathetic ecosystems of innovation.

BUILDING INNOVATION ECOSYSTEMS
Regional innovation clusters—which typically include universities, labs, research parks, incubators, 
and manufacturing hubs—have long supported economic growth, job creation, and competitiveness. 
Concentrating innovation activities geographically, even within a shared facility or research park, can 
facilitate cooperation and information exchange among scientists, engineers, and firms. With the right 
incentives, it is possible to coordinate their research efforts so they share high-cost equipment and provide 
complementary resources. University or community partners also provide opportunities to nurture and 
train commercially relevant talent. These collective efforts, combined with sustained funding, can help 
develop the scale and technologies to compete globally. Such regional innovation centers are normally 
supported by policy initiatives at the local or state level but are more effective when supported by 
complementary federal efforts and spending. 

There is no manual for how to build a successful regional innovation hub, but there are lessons from 
previous efforts that apply to hydrogen hubs. Regional innovation is strongly associated with networks 
of linked industries, specialized services, connected universities, vocational training, research facilities, 
and supportive public and private institutions. When those nodes are connected under strong leadership 
that has sufficient support, the chances of realizing sustained and lasting benefits for society and local 
communities are maximized. 

Dedicated local leadership is a key element of success for regional innovation efforts. The most successful 
regional innovation initiatives are “often fostered by a small number of key individuals bridging the space 
between science and commercialization.” Local leadership helps initiatives remain closely networked with 
existing institutions so they can earn the trust and support of local communities and elected officials. Local 
leadership is also likely to prioritize capturing the long-term jobs, economic investment, and industry 
footprint promised by hubs.

Innovation is a complex process characterized by successes as well as failures. Hubs will need to be resilient 
in terms of both the political commitment and resources necessary to surmount inevitable setbacks and 
capitalize on successes. Effective hub leadership is essential to manage small failures and prevent them from 
cascading into a loss of confidence. Setting up an incremental process of planning and iteration that includes 
key stakeholders is important to build and maintain the momentum for long-term success. 

Programs that make big, inflexible bets have a high risk of failure. That was a key lesson from the carbon-
capture-and-storage demonstration program for coal-fired power plants and industrial facilities that 
launched in 2009. In a CSIS workshop, regional innovation experts emphasized how modifications to 
such initiatives need to be made incrementally and carefully. Without stable leadership, the possibilities 
that draw private capital, new talent, and new customers to a hydrogen hub risk being overshadowed by 
perceived risk. 

https://nap.nationalacademies.org/catalog/18364/best-practices-in-state-and-regional-innovation-initiatives-competing-in
https://nap.nationalacademies.org/catalog/18364/best-practices-in-state-and-regional-innovation-initiatives-competing-in
https://nap.nationalacademies.org/catalog/18364/best-practices-in-state-and-regional-innovation-initiatives-competing-in
https://www.gao.gov/products/gao-22-105111
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WORKFORCE DEVELOPMENT
The hydrogen economy will require engineers, technicians, and operators with specialized training and 
certifications. Many of these job categories do not yet exist but are expected to have higher than average 
wages and new training requirements. Colleges, universities, and community colleges should engage 
with H2Hubs to develop curriculums and programs necessary to develop a clean-hydrogen workforce. The 
DOE can work with H2Hubs and their educational partners to define baseline standards for curriculums. 
With an eye to developing a national network of clean-hydrogen hubs, the DOE should make credentials 
associated with formal workforce development programs at H2Hubs transferable among the H2Hubs. 

For those jobs that will require technical skills but not the completion of a bachelor’s degree, H2Hubs 
can look to best practices in developing a skilled workforce. Developing this talent will help the nascent 
hydrogen industry meet its needs with input from industry, labor unions, civil society, and regional 
community colleges. Partnerships with employers and local and national educational institutions can 
develop shorter credentialing programs that can be stacked over time and focus on skills specifically 
designed to meet employer needs. 

In addition, according to the DOE (RFI DE-FOA-002664) RFI, “EEEJ [equity, environmental and energy 
justice] benefits will be a high priority as the H2Hubs are developed.” H2Hubs should be thinking about 
how clean-hydrogen job programs and enterprise creation can include groups or populations in line with 
the DOE’s definition of disadvantaged communities. 

Adapted from response to DOE Hydrogen Program Request for Information #DE-FOA-0002664

DESIGNING FOR SUCCESS
Within clusters, innovation comes from providing internal and external incentives. It is drawn out by 
developing human capital, sharing common resources, easing barriers to entry, and garnering public 
support to bring new technologies down the cost curve. Neither H2Hub participants, nor the DOE, can take 
for granted the trust and cooperation needed for these activities, which must be actively fostered. 

Each hub will be different, as each will start with a voluntary consortium that leverages existing 
infrastructure, research resources, and market opportunities. The key areas that will require some 
planning include:

 ▪ Physical Infrastructure – The most critical task for hydrogen hubs is to demonstrate the production 
and use of clean hydrogen. This will require a physical infrastructure that links production facilities, 
storage and transportation facilities, and end users. As end users could be quite diverse, the amount 
of investment necessary to install hydrogen storage, upgrade distribution networks, modify industrial 
facilities, or build fleets of hydrogen vehicles may vary widely. Supporting the construction and 
financing of this infrastructure is central to the H2Hubs program’s success. Plans for the program 
released by the DOE focus on the engineering, financing, and environmental impact of these facilities.

 ▪ Human Capital – Jobs, job quality, and job training will be key metrics of hub success and important 
determinants of the long-term viability of the industry. It will be necessary to build knowledge, 
experience, and practices for the new industry. As hubs are established, connections across 
universities, community colleges, and labor groups can all help develop training modules for 
engineers, technicians, and workers. This training can then evolve into certifications and other 
standardized coursework as industry needs come into greater focus. In its role as coordinator for the 

https://iopscience.iop.org/article/10.1149/09601.0107ecst
https://iopscience.iop.org/article/10.1149/09601.0107ecst
https://www.nap.edu/catalog/23472/building-americas-skilled-technical-workforce
https://eere-exchange.energy.gov/Default.aspx#FoaId5d96172f-e9b6-48ff-94ac-5579c3531526
https://www.energy.gov/diversity/justice40-initiative
https://press.princeton.edu/books/paperback/9780691146041/working-together
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entire hubs program, the DOE has an opportunity to develop national standards and requirements 
that would allow training and certifications to be portable between hubs and help build the workforce 
for a national clean-hydrogen network.

 ▪ Research – Public-private cooperation within H2Hubs will play an important role in supporting 
three interconnected stages of clean-hydrogen development: applied research, demonstration, and 
commercialization. At the earliest stages of technological development, university research can reduce 
barriers associated with high capital needs and long, sometimes unpredictable development timelines. 
At the demonstration level, H2Hubs can connect promising technologies, start-ups, and research 
breakthroughs at the university level with niche industry services, equipment, and financing that may be 
expensive or otherwise difficult to obtain. As low-carbon technologies become scalable, private partners 
within H2Hubs will play a leading role in identifying and addressing challenges around market expansion. 

 ▪ Finance – The DOE has substantial funding to devote to starting hydrogen hubs, but each hub will need 
a plan for attracting additional capital from private and public sources. Access to finance is constrained 
by hesitancy related to large capital-expenditure requirements and relatively uncertain demand for clean 
hydrogen. In the early stages of development, using financial mechanisms should not overlook project 
investors who might otherwise choose not to support hydrogen projects. State tax incentives can attract 
investment, provided there is market demand, which may itself require public support or regulatory 
incentives. Financing should also support hydrogen offtakers, not just hydrogen makers. As markets 
mature, H2Hub financing tools should become more narrowly tailored and private in order to support 
nascent technologies, new applications, and start-ups founded from activities within a hub. The DOE’s 
Small Business Innovation Research (SBIR) program could complement such activities by funding start-
ups within hubs. Prospective investors may also lack clarity about how to best combine multiple sources 
of available public and private financing, which will be complex and evolving. Hub leadership should 
recruit experts in blended-financing solutions and advisory services to encourage additional investment 
from non-DOE sources. 

 ▪ Engagement – The most effective regional innovation programs arise and survive as community 
entities. With the support of regional and local governments, hubs embedded within communities 
will be best positioned to respond to community challenges, negotiate siting and permitting, and 
address issues such as job quality, environmental impact, and regional development goals. With 
environmental justice and equity being key goals of the Biden administration, having community 
buy-in will be important for steering investment and establishing programs to ensure that the 
economic and employment benefits of hubs are widely distributed. Hub leadership should plan to 
make community engagement and participation an intrinsic part of their operations, planning, and 
allocation of shared resources. 

 ▪ Governance – Ensuring that the H2Hubs meet the targets they set for reducing emissions, supporting 
employment, drawing investment, and achieving technical innovation will require successful 
governance. This, in turn, will require a balance between coordinating all the relevant participants, 
focusing on successful project implementation, increasing community engagement, and reinforcing 
palpable growth. The commercial nature of the hubs’ public-private financing will require a certain 
level of autonomy for the firms involved in making large infrastructure investments, but hubs will 
need internal governance to distribute shared resources, develop innovation and research centers, and 
attract additional participants and investment. Such leadership may best be drawn from the private 
sector, which would bring credibility for developing and advancing policy initiatives and campaigns to 
help with market development for hub participants and new entrants. 

https://www.energy.gov/science/sbir/small-business-innovation-research-and-small-business-technology-transfer
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Conclusion
The scale of DOE funding available for H2Hubs and the potential economic benefits that hubs will bring to 
communities have generated substantial interest around the country. The DOE can leverage that interest to 
build a portfolio of initiatives to satisfy statutory obligations, demonstrate critical technologies, and seed a 
broader network for producing and using clean hydrogen to meet national energy needs.

When it comes to the hubs’ long-term success as engines of innovation, two issues loom largest. First, 
the path from technical demonstration to market formation will require more than just funding. 
Complementary policies could come from the state or federal level to drive demand for clean hydrogen. 
California and New York already have net-zero goals that will aid market formation across different 
plausible end uses, but additional mechanisms will be needed in other regions. At the hub level, the 
formation of local exchanges could help bring additional consumers into hubs over time. 

Second, for hubs to turn into engines of economic growth and technical innovation, the systems that 
support and encourage innovation will need to be there from the start. This includes strong and dedicated 
local leadership, plans for attracting additional funding, sustained community engagement, and building 
complementary elements such as innovation parks. These hubs need to grow from regional support rather 
than be built with permission.

Even as they help mitigate climate change, regional clean-hydrogen hubs could reap the local benefits 
of a growing industry by leveraging existing infrastructure and natural-resource endowments; training 
a skilled, well-paid workforce; and identifying emerging market opportunities. If effectively designed, 
the H2Hubs program developed by the DOE can be a key tool for supporting this nascent industry, 
reducing the costs of clean-hydrogen production, and developing end uses for clean hydrogen in regional 
economies. Overall, this initiative offers an excellent opportunity to address a central global challenge 
while accruing benefits locally and nationally in a virtuous cycle.  

Joseph Majkut is director of the Energy Security and Climate Change Program at the Center for Strategic and 
International Studies (CSIS) in Washington, D.C. Jane Nakano is a senior fellow with the CSIS Energy Security 
and Climate Change Program. Mathias Zacarias is an intern with the CSIS Energy Security and Climate 
Change Program.

This report was made possible by research support from Breakthrough Energy. The authors would like to thank the 
following individuals for sharing their expertise to inform our research, workshops, and paper: Sujai Shivakumar, 
Phillip Singerman, and Charles Wessner.

This report is produced by the Center for Strategic and International Studies (CSIS), a private, tax-
exempt institution focusing on international public policy issues. Its research is nonpartisan and 
nonproprietary. CSIS does not take specific policy positions. Accordingly, all views, positions, and 
conclusions expressed in this publication should be understood to be solely those of the author(s).

© 2022 by the Center for Strategic and International Studies. All rights reserved.


