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Hydrogen can play an important role in decarbonizing global energy systems, both in supplying low-carbon

fuels and feedstocks and in using them to deliver products and services. Challenges limit the speed and scale of
increased production and use of low-carbon hydrogen, including market economics and infrastructure constraints.
Enhanced government regulatory and market aligning policies could overcome these limits and encourage private
sector investment in low-carbon hydrogen production and use.

Increases in Private and Public Sector Investments
Sovereign Investments

Many nations have taken actions to increase investment to scale hydrogen production, from roadmapping to
infrastructure. For example, Chile’s National Green Hydrogen Strategy' outlines the country’s policy to invest in
hydrogen infrastructure to take advantage of its abundant wind and solar resources. Several other countries, such
as Australia,? Japan,® and Canada,* and the EU® have also published hydrogen strategies that propose grants and
government project financing.

In 2020, Japan® increased its investment in developing infrastructure and systems to support the import of hydrogen
by 16 percent, to $664 million. The European Union committed’ nearly €500 billion (about $609 billion) to green
hydrogen production and infrastructure, mostly for electrolyzer installation. The UK government?® is providing
funding worth $238 million to support engineering and design studies for net-zero hubs, including blue and green
hydrogen infrastructure projects, as part of their carbon removal strategy. In the US, the new American Jobs Plan®
includes investing in 15 decarbonized hydrogen demonstration projects in distressed communities, supported by a
new production tax credit. These sovereign investments are expected to deepen hydrogen market penetration.

Some of these projects are financed through a public-private enterprise model. The Fukushima'®© Hydrogen Energy
Research Field, the largest green hydrogen plant in the world, which produces approximately 900 tons of green
hydrogen annually, is funded by the Japanese government and three private project developers—Tohoku Electric,
Toshiba, and Itwatani. The China Hydrogen Alliance," supported by China Energy Corporation and 18 other
sponsors, including companies, universities, and research institutes, invests globally in research and development
of fuel cell technology.

Corporate Investments

Private sector investments are also increasing. Air Products’ $5 billion NEOM project™ will increase hydrogen
and ammonia production and export globally by 2025. The Air Products NEOM ammonia project will involve $2
billion in transmission and distribution infrastructure’ on top of the $5 billion for renewable power and ammonia
production. Australia’s Asian Renewable Energy Hub™ project, which is being developed by a consortium of
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developers and investors—Intercontinental Energy, CWP Renewables, Vestas, and Pathways Investments—plans

to invest $36 billion to develop renewable power, storage, and transport infrastructure for hydrogen production.
Several Japanese firms,”® such as Toshiba, Kawasaki, and Mitsubishi, and automakers like Toyota, Nissan, and Honda
anchor hydrogen associations and groups that invest in developing fuel cell technology in Japan. Seven of the
world’s hydrogen production leaders founded the Green Hydrogen Catapult,’® targeting the deployment of 25
gigawatts of green hydrogen in order to drive prices below $2 per kilogram. In the United States, Amazon and
Walmart invested over $200 million in purchasing hydrogen-powered forklifts’” made by Plug Power, supporting
the development of the company’s fuel cell technology.

Corporate investments in blue hydrogen can also advance hydrogen technology and infrastructure. In September
2020, Saudi Aramco exported the world’s first shipment of blue ammonia,® produced at Saudi Arabian Basic
Industry Corporation’s Al-Jubail facility and shipped to Japan for power generation. In Canada, blue hydrogen

is produced at the Sturgeon refinery and the Agrium Redwater fertilizer plant, where the captured CO, is
transported and used through the Alberta Carbon Trunk Line.” Chile’s green hydrogen projects—the HyEXx
initiative?® and the Highly Innovative Fuels venture—are expected to produce over 124,000 tons of green hydrogen
per year aimed at decarbonizing the mining industry using the country’s abundant solar energy. A consortium
comprising Kawasaki Heavy Industries, J-POWER, Iwatani, Marubeni, AGL, and Sumitomo, supported by the
Australian and Japanese governments, is investing in a $388 million blue hydrogen project? that is expected to
produce 225,000 tons of liquid hydrogen annually.

Areas of Hydrogen Investment
Infrastructure

Many countries, such as the United Kingdom,?? Portugal,?®* Belgium, and the Netherlands,?* are investing in
hydrogen production hubs to reduce infrastructure costs. The United States is funding 29 hydrogen storage and
infrastructure technology pilots through the H2@scale initiative.?®> In 2019, global hydrogen refueling stations—
mostly deployed in Japan, Germany, the US, China, Korea, and France—tallied 4702, an increase of 20 percent
compared to the previous year. Japan’s Ammonia Energy Council? is investing in developing the country’s
hydrogen technology and supply chain infrastructure to increase and accelerate the use of ammonia in fossil
power generation. A public-private sector initiative?® between Incheon Metropolitan Government, SK Group,

and Hyundai Motors plans to invest over ¥#18 trillion (about $16 billion) in developing large-scale hydrogen
infrastructure in Korea, including construction of fueling stations and a fuel cell power plant, as part of a hydrogen
infrastructure cluster.

Research, Development, Demonstration, and Deployment

Continuous research, development, and demonstration in innovative, cheaper electrolyzer technology,® as

well as analysis of the production technologies that will lower costs, are needed to accelerate cost reduction,
performance improvement, and adoption. China,*° Korea,* and Japan3®? are investing in electrolyzer and fuel cell
technology to lower production costs to help deployment goals for fuel cell vehicles and fueling stations. The EU’s
hydrogen strategy?® prioritizes investment in research and development through the Fuel Cells and Hydrogen Joint
Undertaking, which aims to increase the scale and efficiency of the entire European hydrogen supply chain. For
example, one project integrates an offshore wind turbine with an electrolyzer to produce green hydrogen offshore.’*

Various green hydrogen production infrastructure deployment projects are underway or have been planned.

The EU plans to produce up to 1 megaton of green hydrogen by deploying 6 gigawatts of green hydrogen
electrolyzers by 2024.%° Australia’s Palaszczuk government (Queensland) is planning a trial of a fleet of five
hydrogen fuel cell vehicles powered by domestically produced hydrogen.?¢ In 2018, the European Commission
funded the REFHYNE project® for the construction of the world’s largest proton exchange membrane electrolyzer
at the Shell Rhineland Refinery in Weaseling, Germany to supply green hydrogen for refining in Europe.

Areas for Additional Policy Support for Investment

Large hydrogen projects require additional financial policy support®® to attract private financing and investment.
Part of the UK government’s £500 million (about $700 million) innovation fund*® will be used to support five
hydrogen production projects, and contracts for differences*® will remove risk and close the finance gap for select
UK hydrogen projects. Financial incentives such as investment tax credits* have been created to help reduce the
cost of investment in hydrogen projects in the US. California’s Low Carbon Fuels Standard“? provides incentives for
electricity and hydrogen as low carbon transport fuels. Additional government policy support, such as Germany'’s
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decision to waive the renewable energy transmission tariff (EEG) under the Renewable Energy Sources Act*®
feed-in tariff law for electricity derived from wind and solar sources, is aimed at supporting the development of
electrolyzer technology. Regulatory support in the form of Japan’s firm commitment to fuel gas power plants
using hydrogen“* provides greater certainty for offtake contracts to that nation’s hydrogen market.
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