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Abstract 

The Global Hydrogen Review is an annual publication by the International Energy 
Agency that tracks hydrogen production and demand worldwide, shedding light on 
the latest developments on policy, infrastructure, trade, investments and 
innovation.  

The report is an output of the Clean Energy Ministerial Hydrogen Initiative and is 
intended to provide an update to energy sector stakeholders on the status and 
future prospects of hydrogen, and to inform discussions at the Hydrogen Energy 
Ministerial Meeting organised by Japan. 

The sector has progressed significantly since the first publication of the Global 
Hydrogen Review in 2021. Low-emissions hydrogen production projects have 
gone from just a handful of demonstrations to more than 200 committed 
investments for projects that are increasing in number and in scale, reflecting the 
importance of hydrogen for climate goals, energy security and industrial 
competitiveness. Nevertheless, growth has not met all of the expectations raised 
at the start of the decade and remains uneven. Uncertainties about costs, 
infrastructure readiness and evolving regulatory frameworks all present barriers to 
faster deployment. 

This fifth edition of the Global Hydrogen Review takes stock of the progress to 
date and explores the challenges ahead, in order to provide a thorough 
assessment of the level of hydrogen adoption that could be achieved by 2030. 
This report includes a special chapter on Southeast Asia, exploring the region’s 
potential for the production and use of low-emissions hydrogen and hydrogen-
based fuels and products in the near term. 

The report is complemented by updates to the Hydrogen Production and 
Infrastructure Projects Database, and a new online Hydrogen Tracker that allows 
users to further explore announced projects for low-emissions hydrogen 
production and infrastructure deployment, hydrogen production costs by region 
and technology, and more than 1 000 hydrogen policy measures worldwide 
announced or implemented since 2020.

https://www.cleanenergyministerial.org/initiatives-campaigns/hydrogen-initiative/
https://www.iea.org/data-and-statistics/data-product/hydrogen-production-and-infrastructure-projects-database
https://www.iea.org/data-and-statistics/data-product/hydrogen-production-and-infrastructure-projects-database
https://www.iea.org/data-and-statistics/data-tools/hydrogen-tracker
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Executive Summary 

The hydrogen sector continues to grow despite 
persistent barriers and project cancellations  

Global hydrogen demand increased to almost 100 million tonnes (Mt) in 
2024, up 2% from 2023 and in line with overall energy demand growth. This 
rise was driven by greater use in sectors that have traditionally consumed 
hydrogen, like oil refining and industry. Demand from new applications accounted 
for less than 1% of the total and was almost entirely concentrated in biofuels 
production. The supply of hydrogen continued to be dominated by fossil fuels, 
using 290 billion cubic metres (bcm) of natural gas and 90 million tonnes of coal 
equivalent (Mtce) in 2024. Low-emissions hydrogen production grew by 10% in 
2024 and is on track to reach 1 Mt in 2025, but it still accounts for less than 1% of 
global production. 

While the uptake of low-emissions hydrogen is not yet meeting the 
ambitions set in recent years – held back by high costs, uncertain demand 
and regulatory environments, and slow infrastructure development – there 
are still notable signs of growth. A recent wave of project delays and 
cancellations has reduced expectations for the deployment of low-emissions 
hydrogen this decade. However, in the early stages of adopting new technologies, 
there are often moments of strong progress as well as periods of sluggish 
development, and several indicators suggest that the sector continues to mature. 
For example, although final investments decisions (FIDs) continue to trail well 
behind announcements, more than 200 low-emissions hydrogen production 
projects have received them since 2020, when there was only a handful of 
demonstration projects in operation. Innovation is also moving at an impressive 
pace, with a record number of technologies across the hydrogen value chain 
showing significant progress over the past year.  

The pipeline of low-emissions production projects has 
shrunk, but a strong expansion by 2030 is still in sight  

For the first time, potential low-emissions hydrogen production by 2030 
based on announced projects has declined. Cancellations and delays mean 
that production that could be achieved based on industry announcements by 2030 
stands now at 37 million tonnes per year (Mtpa), compared with 49 Mtpa by 2030 
when the Global Hydrogen Review 2024 was published a year ago. Potential 
production fell for both projects using electrolysis and those using fossil fuels with 
carbon capture utilisation and storage (CCUS), although electrolysis projects were 
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responsible for more than 80% of the total drop. These delays and cancellations 
included early-stage projects across Africa, the Americas, Europe and Australia. 
At the same time, the number of projects that have received a final investment 
decision grew by almost 20% since the publication of the Global Hydrogen Review 
2024 and now represent 9% of the total project pipeline to 2030. 

Despite the recalibration of industry plans, low-emissions hydrogen 
production is expected to grow strongly by 2030. Low-emissions hydrogen 
production from projects that are today operational or have reached FID is set to 
reach 4.2 Mtpa by 2030, a fivefold increase compared with 2024 production. While 
this is much lower than government and industry ambitions at the start of this 
decade, it represents growth from less than 1% of total hydrogen production today 
to around 4% in 2030. This low-emissions hydrogen growth to 2030 would 
resemble the fast expansions of other clean energy technologies seen in recent 
years, such as solar PV. Moreover, a new, comprehensive assessment of the 
prospects of announced projects for this year’s Review finds that an additional 
6 Mt of low-emissions hydrogen production projects has strong potential to be 
operational by 2030 if effective policies to create demand and facilitate offtake are 
implemented. 

Low-emissions hydrogen production by technology, status and likelihood of being 
available by 2030, based on announced projects 

 
IEA. CC BY 4.0. 

Notes: FID = final investment decision; CCUS = carbon capture, utilisation and storage. 
Source: IEA Hydrogen Production Projects Database (September 2025). 
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necessary for longer. However, the gap is expected to narrow by 2030. Renewable 
hydrogen in China could become cost-competitive by the end of this decade due 
to low technology costs and cost of capital. In Europe, the gap is also set to shrink 
from carbon dioxide (CO2) prices and in areas with high renewable potential, and 
because natural gas prices for industrial users in the region are set to be more 
elevated than elsewhere. In regions where natural gas is cheaper, such as the 
United States and Middle East, the cost gap is set to remain larger, and CCUS is 
likely to be more competitive for producing low-emissions hydrogen in the near 
term. 

China leads on electrolyser deployment and 
manufacturing capacity, but overseas sales face barriers  

China is the driving force in electrolyser deployment and manufacturing 
today. Global installed capacity of water electrolysis reached 2 gigawatts (GW) in 
2024, and more than 1 GW of capacity has been added on top of that through July 
of this year. China now accounts for 65% of global installed capacity and capacity 
that has reached a final investment decision. China is also home to nearly 60% of 
global electrolyser manufacturing capacity, with a growing offer from traditional 
manufacturers as well as new market entrants.  

Electrolyser manufacturers outside China face headwinds, raising concerns 
about the health of the industry. Strong momentum in the Chinese market 
contrasts with prospects for manufacturers elsewhere, which are experiencing 
sharp reductions in revenue and increased financial losses. For some, this has led 
to bankruptcies or acquisitions in what may signal a coming wave of consolidation. 
In China, the industry is not immune to such developments; its existing 
manufacturing capacity of 20 GW per year is significantly above current demand, 
which was around 2 GW in 2024. This may also lead to consolidation in due 
course. 

Outside of China, the cost of installing Chinese electrolysers is not 
significantly lower than installing those made by other producers when all 
factors are taken into account. The cost of making and installing an electrolyser 
outside of China in 2024 was USD 2 000 to USD 2 600 per kilowatt (kW), 
compared with USD 600 to 1 200 per kW for electrolysers manufactured and 
installed in China. However, the cost of equipment is just part of the total 
investment needed to install an electrolyser. More than half of the total 
corresponds to engineering, procurement, construction and contingency costs, 
which depend on the project location. When transport costs and tariffs are also 
considered, the cost of installing a Chinese electrolyser outside China is to 
USD 1 500 to USD 2 400 per kW – narrowing the gap with non-Chinese 
competitors. 
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Barriers preventing the use of Chinese electrolysers outside of China 
remain, but this may change soon. While installing electrolysers made in China 
can reduce upfront investment, they face efficiency and underperformance issues 
and need to be adapted to local standards. This can drive up operational costs, 
which can in turn make the overall production of hydrogen more expensive and 
diminish any investment cost advantages. This is currently limiting the global 
uptake of Chinese electrolysers, along with uncertainties related to maintenance 
and repairs over the lifetime of the plant. However, Chinese manufacturers are 
now addressing many of these barriers through innovation and exploring the 
expansion of manufacturing operations overseas.  

Policies to create demand for low-emissions hydrogen 
are advancing, though enactment will be important  

Momentum for hydrogen offtake agreements slowed in 2024, with new deals 
concentrated in refining, chemicals and shipping. New offtake agreements 
signed in 2024 reached 1.7 Mtpa, compared with 2.4 Mtpa in 2023. However, 
some preliminary agreements signed in previous years were firmed, leading to 
investment in production projects. Existing uses of hydrogen in the refining and 
chemical sectors – and the use of hydrogen-based fuels in shipping and, to a 
smaller extent, aviation and power generation – account for almost all firm offtake 
agreements announced by the private sector to date and 80% of investment in 
committed production projects. Tenders to procure low-emissions hydrogen 
yielded mixed results in 2024; tenders in the steel sector in Europe were delayed 
or put on hold while tenders for refining and fertilisers led to final investment 
decisions for production plants in Europe and India.  

Policies to create demand are now being implemented, but at a slow pace. 
Europe leads the way on the adoption of sectoral quotas for hydrogen use in 
transport and industry within the EU Renewable Energy Directive (RED) and 
mandates for the aviation sector. India (with a focus on refining and fertilisers) and 
Japan and Korea (with a focus on power generation) have also started ambitious 
programmes. The new International Maritime Organization (IMO) Net-Zero 
Framework could boost the uptake of hydrogen-based fuels in the maritime sector. 
However, the full impact of these efforts remains to be seen and, in the short term, 
the IMO regulations may actually stimulate demand for liquefied natural gas or 
biofuels instead. The EU's RED quotas need to be transposed into national 
legislation by EU member states, and there will be no clear demand signal to the 
hydrogen sector until this has been completed, since approaches can vary. 
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Leading ports could be first movers on low‑emissions 
hydrogen-based fuels for shipping 

Suitable bunkering infrastructure at ports will be needed soon if ships are 
to adopt hydrogen-based fuels. These fuels can be a vital part of meeting the 
IMO decarbonisation goals, along with other fuels and energy efficiency. Their 
uptake in shipping will depend on strong regulatory signals, the deployment of 
compatible ship technologies, and expanding supply and infrastructure. As of June 
2025, more than 60 methanol-powered vessels were on the water and nearly 300 
more were on order books. Furthering the development of bunkering infrastructure 
is the next step to avoid bottlenecks in the near future. 

Infrastructure upgrades to strategically located bunkering ports could cover 
most major trade routes. Marine fuel bunkering is highly geographically 
concentrated: Singapore alone supplies around one-fifth of global demand, and 
just 17 ports cover over 60% of the sector's refuelling needs. In addition, a large 
share of existing production and demand for unabated fossil-based hydrogen 
(refineries and chemical plants) tends to be located near ports, making them 
optimal places to kickstart the large-scale adoption of low-emissions hydrogen.  

Analysis of existing infrastructure and its proximity to low-emissions 
hydrogen production reveals early opportunities. Nearly 80 ports have well-
developed expertise in managing chemical products, indicating a strong readiness 
to also handle hydrogen-based fuels. These ports, which are widely distributed 
across the globe, include some of the largest in the world, such as Rotterdam, 
Singapore and Ain Sokhna (Egypt). More than 30 of these ports could each access 
at least 100 ktpa of low-emissions hydrogen supply from announced projects 
within 400 kilometres.  

Southeast Asia is emerging as a significant and growing 
hydrogen market 

Hydrogen demand in Southeast Asia is dominated by the chemical sector, 
with supply largely based on natural gas. Southeast Asia’s hydrogen demand 
in 2024 reached 4 Mtpa, led by Indonesia, which accounted for 35%, Malaysia, 
Viet Nam and Singapore. Hydrogen use in ammonia production accounted for 
nearly half of demand, followed by refining and methanol production. Nearly 80% 
of demand was met with hydrogen produced from unabated natural gas, and the 
rest was from industrial by-product. Hydrogen production consumes around 8% of 
the region's gas supply and accounts for a little over 1% of energy-related CO2 
emissions. 

The pipeline for low-emissions hydrogen production in Southeast Asia 
shows considerable promise but needs to mature. Based on announced 
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projects, low-emissions hydrogen production could reach 480 ktpa by 2030, highly 
concentrated in Indonesia and Malaysia. However, only 6% of announced 
production has reached a final investment decision, and 60% remains at very early 
stages of development. One notable exception is a 240 MW electrolyser project 
under construction in Viet Nam – one of few projects at this scale outside of China 
to reach FID. Around 40% of the projects are geared for exports – mostly of 
ammonia, which is the target product of the large majority of the pipeline. 

Existing industrial applications and shipping provide key opportunities for 
early adoption. The greatest opportunities to adopt low-emissions hydrogen in 
the region include ammonia production in Indonesia, Malaysia and Viet Nam and 
methanol production in Malaysia, to improve trade balances by reducing imports 
of natural gas and natural gas-based products; steel production in Indonesia and 
Viet Nam to meet growing regional demand; and maritime bunkering in Singapore 
to supply emerging demands in international shipping. The geographical 
concentration of existing applications, particularly in countries with large state-
owned enterprises, provides a strong foundation for scaling up the sector. Near-
term success will depend on accelerating the deployment of renewables to reduce 
production costs, implementing targeted policies for fuel-switching, and 
developing pilot projects that enable gradual progress towards commercialisation. 

Recommendations 
Based on progress achieved to date and the evolving challenges the sector faces, 
the IEA has updated its policy recommendations to help governments that want to 
leverage low-emissions hydrogen to meet their energy goals: 

 Maintain support schemes for low-emissions hydrogen production, with a 
focus on shovel-ready projects that target existing applications. A large pool 
of projects targeting existing applications are ready to take investment decisions 
if timely support is provided to reduce the cost gap between unabated fossil-based 
hydrogen and low-emissions technologies. These projects could drive a rapid 
scaling up of low-emissions hydrogen production and enable cost reductions. 

 Accelerate demand creation for low-emissions hydrogen and hydrogen-
based fuels through regulations and support schemes in key sectors. 
Speeding up policy implementation to stimulate demand can facilitate offtake and 
underpin investment in supply. Effective measures target existing hydrogen users 
and high-value applications in emerging sectors, while pooling demand in 
industrial hubs to create scale and reduce risk. Governments and industry can 
cooperate to create lead markets for sustainable end-use products, unlocking 
early-stage adoption.  

 Expedite deployment of hydrogen infrastructure by removing barriers and 
leveraging early opportunities. Comprehensive yet manageable regulatory 
frameworks and the introduction of financial mechanisms can help mitigate early 
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investment risks, while efficient permitting processes and improved coordination 
among authorities can help to reduce lead times. A focus on industrial and port 
clusters that co-locate production projects with pools of potential users can 
facilitate early deployment. 

 Enhance public support to reduce technology risk and facilitate project 
financing. Governments can strengthen public finance mechanisms to reduce 
risks associated with early-stage technologies, which struggle with project 
bankability due to their lack of a proven performance record. Export credit 
agencies and public finance institutions can expand guarantee programmes for 
first-of-a-kind projects that seek to demonstrate and scale up novel technologies.  

 Support emerging and developing economies in moving up the value chain 
for low-emissions hydrogen-based products. These economies hold 
significant potential for low-cost, low-emissions hydrogen production, but face key 
challenges such as limited enabling infrastructure and access to finance, as well 
as their reliance on exports to a global market which is developing slowly. 
Advanced economies can partner with emerging and developing economies to 
encourage new domestic use cases (such as fertiliser production) and open export 
opportunities for hydrogen-based products. This could enable emerging and 
developing economies to move up the value chain; enhance their energy and food 
security by reducing import dependencies; and boost economic growth. 
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Five key questions about hydrogen 

Is the slow progress of projects derailing the hydrogen 
sector? 

The hydrogen sector has seen impressive momentum in recent years, particularly 
in early 2020, when a wave of ambitious government commitments was met with 
a similarly vigorous response from the private sector, with hundreds of 
announcements of projects for the production of low-emissions hydrogen.  

However, more recently, negative news from the sector has repeatedly made 
headlines, including project delays, cancellations, downward revisions of 
ambitions for the adoption of low-emissions hydrogen, company bankruptcies and 
backsteps on policy-making. As a result, a gloomier outlook has taken hold among 
government and industry, with fears that that the sector has stalled, and that the 
efforts of the past few years have been fruitless. There are concerns that hydrogen 
has simply gone through another “hype” cycle, just like in the 1970s, 1990s and 
early 2000s. 

The very high short-term expectations from a few years ago have not been met. 
For example, at the time of the Global Hydrogen Review 2022, governments had 
adopted targets that cumulatively accounted for 190 GW of installed electrolysis 
capacity and 1.2 million fuel cell electric vehicles (FCEVs) by 2030. However, 
installed electrolysis capacity was at almost 700 MW at the end of 2022; the FCEV 
stock had barely surpassed 70 000 vehicles.  

These ambitions set the bar very high for a nascent sector that needs to construct 
new value chains almost from scratch. New products entering the market often 
face barriers such as high costs for first movers and a lack of adequate regulation 
and infrastructure. The process of adopting innovative technologies can be 
lengthy and uneven, typically combining rapid breakthroughs with periods of 
sluggish development. This applies even in recent success stories in clean energy 
technology development, such as for solar PV, which took 25 years from market 
introduction to reach a 1% share of a national electricity supply market for the first 
time. While the challenges facing the hydrogen sector have led to slower-than-
targeted deployment, a closer look at the evidence shows that – rather than 
stalling or faltering – the sector is progressing and reaching important milestones: 

 The size of projects under development is significantly scaling up: When we 
published the Global Hydrogen Review 2021, the largest electrolyser in operation 
in the world was the first phase (30 MW) of a project developed by Ningxia 
Baofeng Energy Group in People’s Republic of China(hereafter, “China”). In July 

https://iea.blob.core.windows.net/assets/5bd46d7b-906a-4429-abda-e9c507a62341/GlobalHydrogenReview2021.pdf
https://iea.blob.core.windows.net/assets/5bd46d7b-906a-4429-abda-e9c507a62341/GlobalHydrogenReview2021.pdf
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2025, Envision Energy commissioned the world’s largest electrolysis project 
(500 MW) in China, using off-grid renewable electricity. The world’s largest project 
under construction, the NEOM Green Hydrogen Project in Saudi Arabia, is 
expected to scale the technology beyond 2 GW by its targeted operation in 2027 
– representing scale-up by 75 times in just 6 years. 

 Back in 2020, adoption of low-emissions hydrogen was uncertain and there were 
no offtakes. In contrast, a number of offtakes have been signed in the past few 
years, some of which are firm, long-term offtakes. These have enabled projects to 
move past final investment decision (FID) to supply traditional sectors (refining, 
ammonia production) as well as novel applications such as shipping.  

 Technology development is progressing at an impressive speed. This year, the 
number of technologies advancing by at least one technology readiness level 
(TRL) is the highest it has ever been since we began publication of the Global 
Hydrogen Review. This is particularly important on the end-use side, where 
several technologies in steel, shipping and aviation are being demonstrated and 
can reach commercialisation before 2030, unlocking large demands for low-
emissions hydrogen. 

Progress in low-emissions hydrogen production, size of electrolyser projects, and 
technology development and expected status, 2020-2030 

 
IEA. CC BY 4.0. 

Notes: FT = Fischer-Tropsch; H2 DRI = direct reduced iron using 100% hydrogen; TRL = technology readiness level. Low-
emissions hydrogen production includes historical values for 2020 and 2024 and an estimate of the potential production in 
2030 from projects that have at least reached final investment decision (FID) and target operation before 2030. Largest 
electrolyser in operation for 2020 and 2024 considers projects already in operation at the end of those years and the 
largest project under construction today that aims to start operation before 2030. TRL of key technologies for 2020 and 
2024 includes the real status of the technologies at the end of the year, and for 2030 the expected TRL of each technology 
based on innovation milestones announced by companies developing each technology. 

The hydrogen sector is moving forward and achieving milestones across the value chain. 

The short-term prospects for the sector are positive: based only on projects that 
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https://www.airproducts.com/company/news-center/2023/11/1106-air-products-blue-hydrogen-plant-europe-and-exxonmobil-long-term-agreement
https://www.linde.com/news-and-media/2023/linde-to-invest-1-8-billion-to-supply-clean-hydrogen-to-oci-s-world-scale-blue-ammonia-project-in-the-u-s-gulf-coas
https://www.cnty.cn/en/category_440/3006.html
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2024 to 4.2 Mtpa by 2030). While this falls far short of the ambitions announced 
in the early 2020s, it demonstrates impressive growth for a nascent sector. 

Nevertheless, this growth is not equally distributed across the world. Some 
countries and regions are moving at a faster pace, like China, Europe, India, 
Japan, Korea and North America, whereas in others, progress is lagging, and 
adoption at scale will probably take place only after 2030. In addition, even among 
the frontrunners, there remain unresolved challenges. These include the high 
production cost of low-emissions hydrogen and hydrogen-based fuels when 
compared with unabated fossil-based incumbents, uncertainty around demand, 
unclear and complex regulation, and limited available infrastructure for delivery to 
end-users. However, on balance, the signs of progress still outweigh the negative 
news. This is an encouraging sign for a sector that can play an important role in 
meeting government commitments to address climate change and boost energy 
security, at a moment when geopolitical tensions are rising. 

How can low-emissions hydrogen demand take off? 
Stable, predictable demand is a key lever for investment in low-emissions 
hydrogen production, along with other enabling factors like solid project partners, 
reliable technology providers, access to low-emissions energy, a clear and 
supportive regulatory framework and available infrastructure. Without robust 
demand, producers of low-emissions hydrogen will not secure sufficient off-takers 
to underpin large-scale investments. 

In spite of this, demand for low-emissions hydrogen currently remains low and 
uncertain. Offtake agreements are mostly preliminary, with only a limited number 
of firm agreements that include binding conditions for both suppliers and off-
takers. Such agreements account for less than 2 Mtpa, equivalent to around 5% 
of the potential production that announced projects could achieve by 2030. This 
lack of dependable demand could jeopardise the viability of the entire low-
emission hydrogen industry. 

Governments have started announcing and implementing measures to stimulate 
demand for low-emissions hydrogen, and industry is responding with a number of 
initiatives to accelerate adoption. However, the results of these efforts have been 
mixed. Some positive outcomes have come from tenders in the refining sector. 
For example, TotalEnergies has contracted more than 200 ktpa of renewable 
hydrogen to be used in its European refineries and plans to finalise agreements 
for another 300 ktpa by the end of 2026. In India, several state-owned companies 
launched tenders to procure renewable hydrogen last year, with three of them 
already awarded and one leading to an FID in a production project. However, a 
number of tenders launched in the steel sector have either not yet been awarded, 
or have been put on hold due to bids being significantly higher than expected and 
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problems resulting from a lack of available infrastructure. In addition, several 
initiatives for international co-operation to aggregate demand have been launched 
in recent years, but they are progressing slowly, and there are no noteworthy 
results that can send a strong demand signal to producers. 

The cost gap between low-emissions hydrogen and unabated fossil-based 
hydrogen in traditional applications (such as refining and chemical products), and 
between the use of low-emissions hydrogen-based fuels and unabated fossil fuels 
in new applications (such as steel, shipping or aviation) remains a barrier to 
switching to low-emissions hydrogen. Overcoming this requires policy action, but 
so far this has been largely insufficient, geographically limited and, on many 
occasions, still uncertain. However, some carefully targeted policy interventions 
could be a game-changer in unlocking large demand in the short term: 

 Focus on existing hydrogen uses. These are ready to take up low-emissions 
hydrogen at scale, as technology barriers are lower, and represent more than half 
of the committed investment in low-emissions hydrogen production. Replacing 
existing dedicated hydrogen production using unabated fossil fuels1 with 
production using water electrolysis would require about 880-1130 GW of 
electrolysis capacity, while retrofitting existing production assets with carbon 
capture, utilisation and storage (CCUS) would require a capacity for CO2 capture 
and storage of 720-820 Mt per year. 

 Unlock new opportunities through public procurement and support the 
creation of lead markets. Public procurement is a powerful policy tool to 
stimulate demand. For example, the public sector accounts for 25% of steel 
demand globally, but governments are not yet using this opportunity to its full 
potential. Putting this buying power behind end-use products that require low-
emissions hydrogen in their production (such as fertilisers, steel or shipping and 
aviation fuels) can unlock significant demand in the near term. More than three-
quarters of today’s firm offtake agreements that can trigger demand are targeting 
industrial end products (fertilisers, steel, or other chemicals) or hydrogen-based 
fuels (ammonia, synthetic methanol and synthetic kerosene).  

 Take a holistic approach in policy design. Incorporating offtake as an eligibility 
criterion in support schemes for low-emissions hydrogen production projects can 
act as a filter to ensure that only robust projects with bankable offtake reach the 
final stages of the selection process. This would maximise the chances of 
selecting projects with a strong likelihood of coming to fruition. 

 Leverage international transport regulations. International transport offers 
important opportunities to accelerate the adoption of low-emissions hydrogen-
based fuels through co-ordinated global standards. International regulations help 
create level playing fields, ensuring market participants face consistent rules 

 
 

1 This accounts for more than 80 Mtpa, excluding by product-hydrogen and the production of hydrogen for co-production of 
ammonia and urea, which requires CO2 for the urea synthesis. 

https://www.unido.org/sites/default/files/files/2021-10/IDDI%20FACTSHEET_14%20OCT.pdf
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across jurisdictions. The International Maritime Organization Net-Zero Framework 
can be a decisive first step in this direction. Depending on the technical details of 
its final guidelines (to be developed in the next few months), this framework could 
significantly boost demand for low-emissions fuels in international shipping. The 
International Civil Aviation Organization can follow a similar approach, developing 
a regulatory framework that complements existing efforts such as its voluntary 
market-based Carbon Offsetting and Reduction Scheme for International Aviation. 

Investment in low-emissions hydrogen production by intended use and offtake 
agreements for low-emissions hydrogen by end product 

 
IEA. CC BY 4.0. 

Notes: “Other” intended uses includes undisclosed end uses. Investment values are estimated annualised spending on 
projects that had taken final investment decision by July 2025. 
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How fast can emerging economies really turn hydrogen 
ambitions into timely deployment? 

Low-emissions hydrogen offers emerging markets and developing economies 
(EMDEs) an opportunity to both support domestic decarbonisation and position 
themselves as competitive players in clean energy trade. Africa, Latin America 
and Southeast Asia, home to 35% of the global population but less than 20% of 
global GDP and just 16% of energy demand, are all assessing how to seize this 
opportunity, building on abundant renewable energy potential and competitive 
labour costs. 

The three regions have different starting points. Latin America benefits from a 
largely decarbonised power sector, with renewables supplying 63% of electricity 
generation in 2024, nearly twice the global average. In contrast, renewable shares 
in Southeast Asia and Africa remain at 25% (despite their hydropower shares 
being slightly above the global average) as deployment of wind and solar PV has 
been limited to date. Latin America is a net importer of natural gas, with a deficit 
that widens since the region became a net importer in 2010. Southeast Asia and 
Africa, historically exporters, have seen a steady decline in their gas trade balance 
since the past decade, and Southeast Asia may become a net importer in the latter 
part of the 2020s. Low-emissions hydrogen could help to reduce import 
dependency and strengthen energy security.  

The three regions have relatively similar levels of hydrogen consumption today, at 
around 3-4 Mtpa each. Combined, they account for approximately 11% of global 
hydrogen demand, although the characteristics of this demand differ notably from 
the global average. Worldwide, over 40% of hydrogen is used in oil refining, but 
this share is significantly lower across these regions. This is particularly visible in 
Africa, where refining accounts for just 12% of hydrogen use, given that a large 
share of oil products are imported (meeting 40% of domestic demand). 

If all announced projects are realised, low-emissions hydrogen production in 
Africa, Latin America and Southeast Asia could exceed 9 Mtpa by 2030, 
representing almost 25% of the global total. However, while more than 9% of 
announced projects worldwide now have committed investments, the share in 
these regions is far lower, at just 0.5%, raising questions about near-term viability. 
New analysis in this report finds that only 5% of the projects in EMDEs have at 
least moderate potential to be operational by 2030, with most expected to 
materialise only later. 

Several factors are slowing progress toward committed investments: 

 Heavy reliance on export markets. Around 80% of announced projects in these 
regions are geared towards exports – nearly double the world average – making 
them dependent on international demand that has yet to materialise at scale. 
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 Slow progress in renewable energy integration. In 2024, these regions 
accounted for just 6% of new wind and solar PV capacity globally. This raises 
questions about their readiness to support large-scale electrolytic hydrogen 
production, which would entail accelerated deployment of renewables. 

 Financing challenges. Realising all the projects in the pipeline by 2030 would 
require 420 GW of electrolysis capacity and more than USD 1 500 billion, 
equivalent to the global investment in new power generation in 2024. Yet in 2024, 
these regions attracted less than 9% of that global investment in new power 
generation, partly due to the cost of capital for energy projects, which can reach 
15%, compared to 5-7% in advanced economies. 

Announced projects for low-emissions hydrogen, 2030 

 
IEA. CC BY 4.0. 

Notes: EMDEs = emerging markets and developing economies; CCUS = carbon capture, utilisation and storage; FID = final 
investment decision. 

Projects in EMDEs focus almost exclusively on electrolysis, are larger and mainly export-
oriented, but remain at earlier stages of development, with limited committed investment. 
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 Lower the cost of capital to improve competitiveness. In EMDEs, financing 
costs are up to three times higher than in advanced economies, making projects 
uncompetitive. Long-term offtake agreements can help to reduce commercial risk 
and provide revenue certainty. Developers may form consortia in which off-takers 
act as equity partners, as seen in some advanced projects in other regions. 
Governments can support offtake certainty through public procurement for 
domestic supply or, in importing countries, by promoting supply diversification to 
foster participation from EMDEs. Clear regulation, streamlined permitting and 
investment in enabling infrastructure can further de-risk projects and attract 
foreign direct investment. Development Finance Institutions can expand 
concessional loans, guarantees and first-loss facilities2 to improve bankability and 
mobilise private capital through blended finance. 

 Assess the role of domestic markets as an anchor for early low-emissions 
hydrogen deployment. EMDEs have large demands for hydrogen-based 
products that are often met through imports. For example, in 2022, excluding 
Trinidad and Tobago (a major producer and exporter), Latin America imported 
85% of its nitrogen-based fertilisers, valued at nearly USD 11 billion. Most African 
countries also rely heavily on imports, despite a few being large ammonia 
exporters. Producing fertilisers domestically using low-emissions hydrogen could 
improve access, reduce dependence on imports – including for food, which 
accounted for around USD 50 billion in net imports across Africa in 2024 – and 
lower exposure to price volatility. In the three regions, around 7% of natural gas 
consumption is used for hydrogen production, and replacing fossil-based 
hydrogen would ease pressure on natural gas trade balances. 

 Prioritise export pathways that add value to raw commodity exports. Rather 
than focusing solely on hydrogen or ammonia molecule exports, countries can 
pursue value-added derivatives that are easier to ship and have higher prices. For 
example, in Brazil and sub-Saharan Africa, high-grade iron ore reserves offer an 
opportunity to use low-emissions hydrogen to produce direct reduced iron (DRI), 
exported as hot briquetted iron. Today, DRI sells for roughly four times the price 
of iron ore, with potential for even higher margins when accounting for low-
emissions premiums. Developing new iron ore mines can take up to a decade, so 
early opportunities are limited to regions with existing or advanced mining projects. 

What is a pragmatic policy response to the barriers 
facing hydrogen? 

Policy support for low-emissions hydrogen is now moving from announcements to 
specific programmes and tenders, and making progress along the entire value 
chain. On the supply side, some programmes (in the European Union and 
United Kingdom) have already issued two rounds of funding. With regards to 

 
 

2 A first-loss facility is a financing mechanism in which an investor, such as a Development Finance Institution, agrees to 
absorb initial losses on a project to reduce risk for other investors, encouraging their participation. 

https://media.afreximbank.com/afrexim/Food-Imports-and-Food-Security-Addressing-the-Challenges.pdf
https://climate.ec.europa.eu/news-your-voice/news/over-subscribed-european-hydrogen-bank-auction-receives-61-bids-innovation-fund-support-including-8-2025-03-07_en
https://www.gov.uk/government/publications/hydrogen-allocation-round-2-har2-projects/hydrogen-allocation-round-2-har2-shortlisted-projects
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infrastructure, measures are providing regulatory clarity (European Union) and 
grants for development (Japan). To boost demand, there is increasing attention to 
industrial applications where hydrogen is already used that could create 
economies of scale (Austria, China, Finland, France, India). Emerging economies 
have used measures such as land concessions for hydrogen production with 
special rights and advantages (Morocco, Oman, Mauritania, Jordan), tax 
incentives (Mauritania) and loan guarantees (Brazil). Policy support has helped 
projects to move forward and reach FIDs. Examples include 1.4 Mtpa of ammonia 
from natural gas with CCUS in the United States, a 100-MW electrolyser in 
Germany and a 2.5 Mtpa steel plant in Sweden. 

Comparison of hydrogen policy approaches adopted across selected hydrogen 
markets 

 
IEA. CC BY 4.0. 

Notes: AFIR = Alternative Fuels Infrastructure Regulation; CEF = Connecting Europe Facility; CfD = Contract for difference; 
CISAF = Clean Industrial State Aid Framework; FCEV = Fuel cell electric vehicle; FECM = Fossil Energy and Carbon 
Management; IPCEI = Important Projects of Common European Interest; RED = Renewable Energy Directive; SECI = 
Solar Energy Corporation of India; SOE = State-owned enterprise; ZEV = Zero Emission Vehicles. 

The policy landscape varies across jurisdictions, reflecting differing domestic constraints 
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have the most comprehensive approach, addressing the entire value chain, as 
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Europe is fragmented across different pieces of legislation and policies that may 
also apply to products other than hydrogen (e.g. carbon pricing), which can make 
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https://www.jdsupra.com/legalnews/japan-unveils-green-subsidy-programme-6441356/
https://www.bdo.at/de-at/blog/forderung-forschung/neue-foerdermoeglichkeit-fuer-klimafreundliche-technologien
https://www.nea.gov.cn/20241231/22b72793b0c946a4b9bfc2b06612b32e/2024123122b72793b0c946a4b9bfc2b06612b32e_02b0cba335b5a04a9d96979fe0b49bd0e3.pdf
https://ec.europa.eu/commission/presscorner/detail/en/ip_25_527
https://agirpourlatransition.ademe.fr/entreprises/sites/default/files/D%C3%A9carbonation%20de%20l%27industrie%20-%20Cahier%20des%20charges%20-%202025.pdf
https://cdnbbsr.s3waas.gov.in/s3716e1b8c6cd17b771da77391355749f3/uploads/2024/02/20240206917076035.pdf
https://www.cg.gov.ma/ar/node/12240
https://hydrom.om/Round3Auction.aspx?cms=iQRpheuphYtJ6pyXUGiNqnYV4sgAJufC
https://www.greengoenergy.com/news/megaton-moo-concession-250217
https://www.ammonnews.net/article/896948
https://www.msgg.gov.mr/sites/default/files/2024-11/J.O%201568%20F.pdf
https://www.gov.br/mdic/pt-br/composicao/se/cndi/plano-de-acao/nova-industria-brasil-plano-de-acao-2024-2026-1.pdf/view
https://view.argusmedia.com/rs/584-BUW-606/images/NET-Sample-report-20250507-Hydrogen.pdf?version=0
https://www.bp.com/de_de/germany/home/presse/pressemeldungen/pm-2024-12-18-bp-verkuendet-investitionsentscheidung-fuer-projekt-lingen-green-hydrogen.html
https://stegra.com/news-and-stories/h2-green-steel-raises-more-than-4-billion-in-debt-financing-for-the-worlds-first-large-scale-green-steel-plant
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legislation difficult to navigate. Japan also has a comprehensive approach guided 
by the Hydrogen Society Promotion Act, with a contracts for difference scheme to 
close the cost gap for low-emissions hydrogen and provide long-term (15-year) 
certainty. This is complemented by support for infrastructure, hubs and the 
demand side (industry and power). The United States and Australia have followed 
a similar approach, with tax incentives for the supply side and grants for hubs on 
the demand side, albeit with less emphasis on infrastructure. China has a unique 
approach, with support through state-owned enterprises for industrial use of 
renewable hydrogen, and grants and a reward scheme for provinces rolling out 
fuel cell electric vehicles (FCEV). India has the Strategic Interventions for Green 
Hydrogen Transition (SIGHT) Programme, an overarching scheme with fixed 
premiums and grants for supply and electrolyser manufacturing. Tax incentives 
and administrative measures are the most common instrument across other 
emerging economies. 

This first-of-a-kind implementation of hydrogen policies has also entailed some 
delays and revisions. This creates uncertainty for project developers and 
investors, which can affect project execution. For example, in the European Union, 
the transposition of the Renewable Energy Directive to national legislation has 
taken more than 4 years; in India, support for hubs is being scaled back, and 
conditions for financial support for ammonia supply have been revised several 
times. 

Hydrogen policies must balance speed of implementation with ensuring that 
deployment meets policy objectives. Very firm policies may provide clarity but can 
slow down market development. The hydrogen market is expected to evolve 
quickly, so policies need to be adaptive, with short review cycles to account for 
market developments. This approach can provide long-term clarity while leaving 
room for experimentation during the early stages. 

The barriers facing low-emissions hydrogen are common across markets. There 
is a cost gap with incumbent fossil fuel pathways in both production and use. Co-
ordination can also be challenging. Firstly, among stakeholders across supply, 
infrastructure and end use, who need to align project development timelines. 
Secondly, among producers along the supply chain, from raw materials to end 
products, who need to evaluate where consumers are willing to pay for low-
emissions products in order to close part of the cost gap. This is necessary as low-
emissions products do not yet have sufficient demand to create economies of 
scale and trigger cost reductions through learning-by-doing, nor a high enough 
premium to reward developers. 

Similarly, priorities for the short term are clear and also common across markets. 
Options for addressing the cost gap include grants and subsidies, which have 
already been used extensively by advanced economies. Other options like loan 

https://www.meti.go.jp/press/2023/02/20240213002/20240213002.html
https://www.federalregister.gov/documents/2025/01/10/2024-31513/credit-for-production-of-clean-hydrogen-and-energy-credit
https://parlinfo.aph.gov.au/parlInfo/search/display/display.w3p;query=Id%3A%22legislation%2Fbillhome%2Fr7297%22
https://mnre.gov.in/en/national-green-hydrogen-mission/
https://mnre.gov.in/en/national-green-hydrogen-mission/
https://www.consilium.europa.eu/en/policies/fit-for-55/
https://www.seci.co.in/uploads/tenders/corrigendums/CfP_cancellation_notice.pdf
https://www.seci.co.in/tender-details/MzBlZTVhYjIxYzlmZGZhZGJmNGI3OGExOTZkNDdhODlmNzY0OTgyY2M1MjVmNThjYzI5OGE1MWVhOTBjZDczMjI5ZTQ4MzZmMTMxMWU5YmVlNGZmNWMzMzZjZmUxYjlmMjZmMTQ3YzJiZDNhNjcxZTg3NWUwMzRmOWE2ZDY2ZWZFbmpEZU53ckE0V3lrQ0RDdFV3VktQOUF0TzVzNEsrakJwemluRXpGd1FzPQ,,
https://www.seci.co.in/tender-details/MzBlZTVhYjIxYzlmZGZhZGJmNGI3OGExOTZkNDdhODlmNzY0OTgyY2M1MjVmNThjYzI5OGE1MWVhOTBjZDczMjI5ZTQ4MzZmMTMxMWU5YmVlNGZmNWMzMzZjZmUxYjlmMjZmMTQ3YzJiZDNhNjcxZTg3NWUwMzRmOWE2ZDY2ZWZFbmpEZU53ckE0V3lrQ0RDdFV3VktQOUF0TzVzNEsrakJwemluRXpGd1FzPQ,,
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guarantees, concessional loans, export credit facilities and public equity 
investments can also be useful to reduce the investment risk and lower the cost 
of capital, which is crucial given the high capital intensity of hydrogen assets. For 
demand creation, quotas, mandates and carbon contracts for difference are 
among the most-used instruments. One policy measure that remains relatively 
unexplored is public procurement, which could trigger demand for hydrogen in 
steel production, heavy-duty transport and aviation. The creation of hydrogen 
hubs has mostly been a source of funding thus far, but they also provide an 
opportunity to address the co-ordination barrier and aggregate demand from 
several users. This can lower the commitment required from each user and spread 
the offtake risk across several players. For most of these policies to be effective, 
it is necessary for hydrogen producers and buyers to be able to differentiate low-
emissions hydrogen by tracking the GHG emissions along the value chain. 
Several regions already have a certification scheme in place, and a more 
standardised approach could be achieved once the forthcoming ISO methodology 
is published in 2025/2026. 

China and electrolysers: the sequel to solar PV and EVs? 
Today, China is the global leader in electrolyser manufacturing capacity and 
deployment, as well as production cost for renewable hydrogen, echoing its 
success in manufacturing and deployment of solar PV and electric vehicles (EVs). 
China holds nearly 60% of global electrolyser manufacturing capacity, equivalent 
to more than ten times the historical installed electrolyser capacity in 2024. China 
started deploying water electrolysis commercially in 2021, and by 2023, it already 
had over half of installed electrolyser capacity worldwide. From 2022 to 2024, 
China accounted for two-thirds of the electrolyser capacity reaching FID.  

China can also produce renewable hydrogen at a lower cost: The cheapest 
renewable hydrogen costs about 40-45% less to produce in China than in Europe 
or the United States. This is mainly due to lower electricity prices, which result 
from lower capital expenditure (CAPEX) and a lower cost of capital for renewables. 
In 2023, investment costs for solar PV and onshore wind were up to 40% lower in 
China than in the rest of the world; the cost of capital for solar PV in China was 
nearly half that of the United States or Spain (with a smaller difference for onshore 
wind). Economies of scale and experience with large construction projects enable 
low costs for the balance of plant for the electrolyser, and for engineering, 
procurement and construction, which together represent 80-85% of the total 
CAPEX.  

Importantly, China is today the world’s largest hydrogen market, accounting for 
almost one-third of global demand. Other stand-out factors include the country’s 
highly developed manufacturing supply chain; companies that have manufacturing 
experience and financial resources from the renewable sector and that are now 

https://www.iso.org/standard/65628.html
https://www.irena.org/Publications/2024/Sep/Renewable-Power-Generation-Costs-in-2023
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entering the hydrogen market; and supportive government policy to create large 
demand for electrolysers, just like for solar PV and batteries. 

Electrolyser manufacturing capacity and deployment (left) and renewable hydrogen 
production costs (right), by region, 2024-2030 

 
IEA. CC BY 4.0. 

Notes: Project pipeline based on operational projects, projects under construction and with a final investment decision. 
2030 production costs based on the Stated Policies Scenario (STEPS). 

China currently leads on electrolyser deployment, manufacturing capacity and renewable 
hydrogen production costs, and is expected to maintain its cost lead through 2030. 

A look at the projects in the pipeline to 2030 that are under construction or have 
reached FID suggests China will increase its share of global installed capacity, 
although there is less visibility on future projects in China than in other regions. In 
contrast, China’s share of electrolyser manufacturing capacity is expected to 
decline to about one-third of global capacity by 2030 as global capacity expands 
from nearly 38 GW/yr in 2024 to 186 GW/yr in 2030 (for reference, projects under 
construction and with FID have a cumulative capacity of 26 GW), despite the 
market being largely oversupplied. Excess capacity is now leading to 
consolidation among original equipment manufacturers (OEMs) outside China. 

Despite their low costs, there are signs that electrolysers made in China might not 
supply other markets at scale in the short term. First, electrolysers are bulky, which 
makes trading them globally difficult. Many OEMs plan to build manufacturing 
facilities in countries that are also expected to have strong demand, avoiding the 
need to ship units worldwide. As well as reducing the risk of delays and costs 
related to shipping, this also simplifies maintenance and repairs, facilitating access 
to specialist support and troubleshooting. Second, Chinese electrolysers have 
struggled with efficiency and underperformance, and do not always comply with 
standards in the rest of the world. Compliance-related upgrades reduce their cost 
advantage, though top manufacturers are expected to close this gap in a few 
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years. Third, electrolysers represent 55-65% of the levelised cost of hydrogen 
production, but 60% of the investment required is for engineering, procurement 
and construction, regardless of equipment origin. The stack only represents 15-
20% of the total investment. Using imported Chinese stacks in Europe, for 
example, would lower costs by just 3-13% compared to using domestically 
manufactured stacks. 

There are other reasons to believe that electrolysers will not follow the same 
trends as solar PV and EVs. The cost decline for electrolysis is expected to be 
much more gradual than solar PV or batteries, since the bulk of the CAPEX is in 
standard equipment (e.g. vessels, heat exchangers, power converters), with less 
room for cost decreases. While electricity is the main cost driver, and renewables 
will continue to get cheaper, cost reductions in the future will be smaller than in 
the past decades. This also means that technology improvements will have a 
smaller impact on the levelised cost. Hydrogen has far less infrastructure available 
than electricity, meaning co-ordination is needed along the value chain for 
deployment, which could be an additional hindrance compared to power 
technologies. While electrolysers are modular, the combination of strong 
economies of scale and large cost gaps across applications could limit their 
deployment to industrial applications (without the equivalent of phone batteries or 
rooftop solar PV).
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Chapter 1. Introduction 

Introducing the fifth edition of the Global 
Hydrogen Review 

Since the launch in 2019 of the IEA’s flagship report The Future of Hydrogen, the 
global conversation on hydrogen has evolved. Hydrogen has gone from being a 
niche energy carrier to a strategic opportunity in global energy systems, supporting 
progress towards climate and energy security goals, as well as industrial 
competitiveness. The sector has significantly advanced since the first edition of 
the IEA’s Global Hydrogen Review in 2021, with low-emissions hydrogen3 
production projects multiplying from a handful of demonstration projects to more 
than 200 final investment decisions by the end of 2024. 

Nevertheless, growth remains uneven and has not met all expectations, with cost 
uncertainty, geopolitical dynamics, evolving regulatory frameworks, and persistent 
infrastructural gaps being among the key factors holding back additional growth. 
Like other clean energy technologies, the sector is also likely to face new 
challenges as government budgets start to reflect other emerging and urgent 
priorities.  

This fifth edition of the Global Hydrogen Review takes stock of the progress to 
date and explores the challenges ahead, in order to provide a thorough 
assessment of the level of hydrogen adoption that could be achieved by the end 
of this decade. This is used to inform recommendations on the priority areas that 
require further efforts to maximise development, especially at a moment when 
there are other demands on available government support.   

The Global Hydrogen Review in brief 
The report opens with an updated overview of hydrogen demand and production 
patterns worldwide. Although global demand for hydrogen continues to increase, 
use remains predominantly focused in established sectors such as refining and 
chemicals. These sectors have shown noteworthy progress in the adoption of low-
emissions hydrogen, but global offtake is showing signs of losing traction in the 
absence of targeted policy interventions to stimulate demand. The majority of 
hydrogen is still produced from unabated fossil fuels, despite cleaner alternatives 
gaining attention. Low-emissions hydrogen production has expanded slowly in 
recent years, with some projects being delayed or even cancelled. Despite these 

 
 

3 See the annex for details on the definition of low-emissions hydrogen in the Global Hydrogen Review. 
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setbacks, production is poised to accelerate from this year onwards. Investment 
decisions are being made at a gradually increasing pace, yet project developers 
continue to encounter substantial challenges, with slower-than-expected 
deployment limiting cost reductions. As a result, only a small share of all 
announced projects are expected to be operative by 2030.  

The report further examines the evolution of hydrogen trade and infrastructure. 
Governments in Europe, Japan and Korea are trying to kick-start trade in low-
emissions hydrogen and hydrogen-based products through publicly backed 
competitive offtake, although this is not yet translating into investment decisions 
for trade-oriented projects. In addition to challenges related to costs, demand and 
regulation, limited progress on infrastructure development is also holding back 
trade-oriented projects. Some infrastructure developments are taking place in 
Europe and the People’s Republic of China (hereafter, “China”), but they are still 
scarce, due to slow market development and challenges related to costs, 
regulation and public acceptance. 

The report also highlights recent trends in sectoral investment and technological 
advancement. Investment in low-emissions hydrogen is accelerating, with global 
project spending rising in 2024 and further growth expected in 2025, although 
venture capital has declined since 2023. Development finance institutions 
continue to support emerging markets and developing economies to facilitate the 
development of low-emissions hydrogen projects, though the first results in terms 
of investment decisions remain to be seen. On the innovation side, the number of 
technologies moving up at least one technology readiness level in the past year is 
higher than in any other edition of the Global Hydrogen Review, and new 
milestones are being reached across the whole value chain. 

The report’s tracking component concludes with a wide-ranging policy review, 
summarising the principal legislative and regulatory measures introduced since 
the last edition of the Global Hydrogen Review, and assessing their likely impact 
on the sector’s future trajectory. 

Finally, this year’s report includes a special focus chapter on Southeast Asia, 
which explores the potential of the region for the production of low-emissions 
hydrogen and presents the target capacity of announced projects in the pipeline. 
It reviews the status of hydrogen policy in the region, and explores potential 
options for the adoption of low-emissions hydrogen and hydrogen-based fuels and 
products in the near term, including how these developments could create 
economic opportunities and reduce import dependencies. 
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The CEM Hydrogen Initiative 
Developed under the Clean Energy Ministerial (CEM) framework, the Hydrogen 
Initiative (H2I) is a voluntary multi-governmental initiative that aims to advance 
policies, programmes and projects that accelerate the commercialisation and 
deployment of hydrogen and fuel cell technologies across all areas of the 
economy. 

The IEA serves as the H2I co-ordinator to support member governments as they 
develop activities aligned with the initiative. H2I currently comprises the following 
participating governments and intergovernmental entities: Australia, Austria, 
Brazil, Canada, Chile, Costa Rica, the European Commission, Finland, Germany, 
India, Japan, the Netherlands, New Zealand, Norway, Portugal, Republic of 
Korea, Saudi Arabia, South Africa, the United Arab Emirates, the United Kingdom 
and the United States. 

H2I is also a platform to co-ordinate and facilitate co-operation among 
governments, other international initiatives and the industry sector. H2I has active 
partnerships with the Breakthrough Agenda, the Hydrogen Council, the 
International Partnership for Hydrogen and Fuel Cells in the Economy (IPHE), the 
International Renewable Energy Agency (IRENA), the Mission Innovation Clean 
Hydrogen Mission, the World Economic Forum, the United Nations Industrial 
Development Organization (UNIDO), and the IEA Advanced Fuel Cells and 
Hydrogen Technology Collaboration Programmes, all of which are part of the H2I 
Advisory Group and participate in various activities of the H2I. In addition, several 
industrial partners actively participate in the H2I Advisory Group’s biannual 
meetings, including Ballard, Enel, Engie, Nel Hydrogen, the Port of Rotterdam 
Authority and thyssenkrupp nucera.

https://www.cleanenergyministerial.org/initiatives-campaigns/hydrogen-initiative/
https://www.cleanenergyministerial.org/initiatives-campaigns/hydrogen-initiative/
https://www.cleanenergyministerial.org/initiatives-campaigns/hydrogen-initiative/
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Chapter 2. Hydrogen demand 

Highlights 

 Global hydrogen demand reached almost 100 Mt in 2024 and is expected to 
surpass that milestone in 2025. This increase is being driven by demand for 
industrial products that use hydrogen as a feedstock, rather than being the result 
of successful implementation of energy and climate policies. 

 Demand is still almost exclusively from established sectors (refining, ammonia, 
methanol and fossil-based direct reduced iron [DRI]), with demand for new 
applications (biofuels upgrading, new industrial uses, mobility, power or 
synthetic fuels) growing but from a very low base – less than 1% of demand. 

 Low-emissions hydrogen use increased by nearly 10% in 2024 but remains at 
less than 1% of total demand due to cost challenges and insufficient policy 
support. Policy initiatives in the European Union, Japan and Korea, and 
forthcoming measures from the International Maritime Organization (IMO) can 
accelerate ramp-up, but their impact will only be seen through implementation. 

 Offtake momentum slowed, with signed deals covering 1.7 Mtpa H₂ in 2024, 
down from 2.4 Mtpa in 2023, only 20% of which were firm agreements. Tenders 
to procure low-emissions hydrogen yielded mixed results, with positive 
developments in refining, and uncertain outcomes on steel and fertilisers. 

 Refining and the chemical sector lead the way in the adoption of low-emissions 
hydrogen. Based on projects that are operational, under construction or have 
reached final investment decision (FID), more than 2 Mtpa is expected to be 
consumed in refineries and industrial facilities by 2030. This could be 
complemented by additional supply provided by merchant projects. 

 In road transport, heavy trucks remain the only fast-growing market for fuel cell 
electric vehicles, despite their higher total costs of ownership when compared 
to battery electric or diesel trucks. China remains the leader, with almost 95% 
of the world’s fuel cell commercial vehicles stock. 

 In shipping, the fleet of ships able to use hydrogen-based fuels is growing and 
offtake agreement activity has increased, but concerns about supply availability 
are slightly slowing down momentum. The recent approval of the IMO Net-Zero 
Framework could provide a boost, but its impact is uncertain, as it may favour 
first-generation biofuels or even liquefied natural gas (LNG) in the short term. 

 In the power sector, progress remains slow and mostly concentrated in Japan 
and Korea, where policy support is helping first movers to progress with projects 
and building on learning from setbacks under early support programmes. 
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Overview and outlook 
Hydrogen demand grew again in 2024, but remains 
concentrated in traditional applications 
Global hydrogen consumption reached almost 100 Mt in 2024, just over 2% more 
than in 2023 (Figure 2.1). This decades-long upward trajectory (which was only 
interrupted by the Covid-19 pandemic) shows no sign of changing; we estimate 
that global hydrogen demand is set to exceed 100 Mt for the first time in 2025. 

Figure 2.1 Hydrogen demand by sector and by region, 2020-2025 

 
Notes: “Other” includes transport, power generation, production of hydrogen-based fuels, buildings and biofuels upgrading. 
The estimated value for 2025 (2025e) is a projection based on trends observed until July 2025. 
Sources: IEA analysis based on data from Argus Media Group, All rights reserved, International Fertilizer Association, 
World Steel Association. 

Global hydrogen demand keeps rising but remains concentrated in traditional applications 
in refining and the chemical sector. 

Hydrogen demand by region remained broadly consistent with previous years. 
China was the largest consumer, with more than one-quarter of total demand 
(exceeding 29 Mt)4, almost twice that of North America, the second-largest user 
with around 16 Mt. China and North America experienced modest growth (2% and 
0.5% respectively), while Europe demand remained almost the same as in 2023. 
The Middle East and India saw more pronounced increases, with almost 6% and 

 
 

4 IEA estimates for regional hydrogen demand differ from other organisations like the China Hydrogen Alliance and the 
European Hydrogen Observatory due to different scopes for reporting demand. For example, the IEA does not include the 
use of residual gases from industrial processes (e.g. coke ovens and steam crackers) that contain hydrogen, in heat and 
electricity generation, whereas the China Hydrogen Alliance and the European Hydrogen Observatory do. See the annex for 
details on the methodology for reporting hydrogen demand in the Global Hydrogen Review. 
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over 4%, respectively, largely attributable to increasing use in refining and 
chemicals production, and in steel production, in the case of India. 

Demand growth continues to be driven primarily by established industrial sectors, 
for products that use hydrogen as a feedstock, rather than by policies to promote 
low-emissions hydrogen5 as a means to reduce emissions and enhance energy 
security. Demand remains concentrated in traditional uses: oil refining, chemical 
manufacturing (notably ammonia and methanol production), and steelmaking via 
the DRI process using fossil-derived synthesis gas. Demand in new applications 
increased less than in previous years, mostly driven by the use of hydrogen in 
biofuel production, but still accounts for less than 1% of hydrogen demand 
globally. In addition, nearly all of this demand was met by hydrogen produced from 
unabated fossil fuels (see Chapter 3 Hydrogen production). 

Demand creation for low-emissions hydrogen 
Demand for low-emissions hydrogen grew by nearly 10% in 2024 compared to 
2023, driven primarily by greater use of hydrogen produced from renewable 
electricity in existing industrial processes and refining, particularly in China. 
Despite this, low-emissions hydrogen continues to represent less than 1% of total 
demand. 

The higher cost of low-emissions hydrogen relative to hydrogen produced from 
unabated fossil fuels remains a significant barrier to broader adoption among 
existing hydrogen consumers. Similarly, the cost of using low-emissions hydrogen 
and hydrogen-based fuels in new applications where it can replace the use of 
fossil fuels is also higher than the use of incumbent fossil fuels or other clean 
energy technologies. This cost premium, combined with a limited range of 
commercially available end-use technologies (see Chapter 5 Investment and 
innovation), is constraining uptake in new applications. 

In the absence of targeted policy interventions to narrow the cost gap and 
incentivise market participants to commit to low-emissions hydrogen, demand is 
likely to remain limited. While industrial sector engagement – such as through 
offtake agreements and procurement tenders – has gained momentum in recent 
years, emerging signs suggest that some of these private sector efforts may be 
losing traction. 

 
 

5 See annex for details on the definition of low-emissions hydrogen in the Global Hydrogen Review. 
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Hydrogen offtake agreements decline in volume and firmness 
amid slow market development 
The total volume of hydrogen covered by offtake agreements reached more than 
6 Mt at the end of 2024,6 around one-quarter of which were firm offtakes.7 
However, after 3 consecutive years of growth, the volume included in agreements 
signed in 2024 declined to 1.7 Mtpa, from 2.4 Mtpa in 2023 (Figure 2.2). 

Agreements were also weaker: only around 20% of deals concluded in 2024 were 
firm agreements, compared to around 30% in 2023. In addition, some large 
preliminary agreements signed in previous years have been cancelled due to 
challenges with project development or the deprioritisation of hydrogen operations 
by some of the signing entities. More encouragingly, some previously announced 
preliminary agreements have become8 or are close to becoming firm offtakes9 that 
can help to unlock investments on the supply side in the near term.  

The largest share of this decline was in offtake agreements for projects targeting 
international trade in hydrogen and hydrogen-based fuels without a disclosed end-
use. These agreements are typically preliminary and non-binding in nature. This 
trend likely reflects the slower-than-anticipated development of global markets for 
low-emissions hydrogen and its derivatives, which has made it more difficult for 
potential buyers to commit to substantial offtake volumes. 

Offtake agreements related to the use of hydrogen in established applications, 
such as ammonia production for chemical processes and refining decreased 
slightly. However, the share of firm agreements in these traditional sectors 
dropped significantly, from 65% in 2023 to just 20% in 2024. Nevertheless, in 
some cases, non-binding agreements have been sufficient to enable projects to 
reach financial close. For example, an AM Green (formerly Greenko) project in 
India secured preliminary offtake agreements totalling 850 ktpa of renewable 
ammonia with Yara, RWE and BASF, and was able to proceed to FID in the past 
year.  

The total volume of hydrogen agreed in offtake deals for new applications – 
including steel, aviation, shipping and power generation – grew slightly in 2024, 
from 0.55 Mtpa to 0.7 Mtpa. However, the sectoral distribution of these 
agreements shifted: in 2023, aviation and shipping dominated the landscape, 
whereas in 2024, shipping was responsible for nearly half of the agreements, with 
steel and power being responsible for almost all of the remainder.  

 
 

6 This analysis excludes numerous small offtake agreements in the road transport sector, which together account for very 
small quantities at the global level. As a reference, global demand for hydrogen in the transport sector in 2024 reached 
around 100 kt (see Road transport section), mostly produced from unabated fossil fuels. 
7 Firm agreements include contractual arrangements with binding conditions for both suppliers and offtakers; preliminary 
agreements include other types of non-binding deals, such as Letters of Intent or memoranda of understanding (MoUs). 
8 Yara inks renewable ammonia offtake agreements with Indian producers at less than $680/mt: source, S&P Global (2025), 
Hydrogen Daily newsletter, 4 June. 
9 Atome, Yara target offtake agreement from Paraguay green fertilizer project in June, S&P Global (2025), Hydrogen Daily 
newsletter, 20 May. 

https://direct.argusmedia.com/newsandanalysis/article/2694021?keywords=trammo%20offtake
https://direct.argusmedia.com/newsandanalysis/article/2696313?keywords=eon%20offtake
https://www.yara.com/corporate-releases/yara-clean-ammonia-and-am-green-earlier-greenko-zeroc-sign-term-sheet-for-sale-of-renewable-ammonia-from-india-to-yara-clean-ammonias-global-market/
https://www.rwe.com/en/press/rwe-supply-and-trading/2024-09-18-rwe-and-am-green-ammonia-sign-mou-for-supply-of-rfnbo-compliant-ammonia-from-india/
https://www.basf.com/global/en/media/news-releases/2024/10/p-24-312
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Figure 2.2 Offtake agreements signed for low-emissions hydrogen and hydrogen-
based products, 2021-2025 

 
Notes: “Unknown” includes offtake agreements without a disclosed end-use for hydrogen and hydrogen-based fuels. 
“Other” includes road transport and industry applications other than chemicals and steel. Only offtake agreements 
disclosing the amount agreed and stating that they will take place before 2030 have been included. Firm offtake 
agreements are classed by the year in which they became firm. Cancelled agreements have been excluded. 
Announcements for hydrogen production and self-consumption are not included. 2025 data include agreements until July. 
Sources: IEA analysis based on announcements of offtake agreements for hydrogen and hydrogen-based fuels and data 
from Argus Media Group, All rights reserved, BloombergNEF and S&P Global. 

Offtake agreements for low-emissions hydrogen decreased in 2024, which could hinder 
investment in production projects. 

The majority of firm offtakes are for the subsequent production of hydrogen-
derived products, rather than the direct end-use of hydrogen (Figure 2.3). Offtakes 
of ammonia for chemical applications, such as fertiliser production, account for 
one-third of the firm offtake agreements, and the production of hydrogen-derived 
fuels (ammonia, methanol or synthetic kerosene) accounts for another third. This 
points to the potential for lead markets for hydrogen-derived end-use products to 
stimulate demand for low-emissions hydrogen (see The creation of lead markets ). 

In terms of regional distribution, offtake activity is concentrated in Europe 
(Figure 2.3), with around 50% of all volume included in agreements, followed by 
Japan with 8%. European offtakes are distributed across different sectors, with 
the largest deals coming from trade-oriented projects, and the chemical, steel and 
refining sectors, while Japanese offtakes are much more concentrated in the 
power sector. The producers involved in these agreements are more 
geographically diverse, with European producers accounting for around one-third 
of agreed volume, followed by the Canada and the United States with roughly one-
fifth. Other regions with strong potential to produce low-emissions hydrogen, like 
Latin America, India, the Middle East, Africa and China, account for 5-10% of 
agreed volume, most of which is expected to be traded to major markets like 
Europe, Japan and Korea.  
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Figure 2.3 Regional distribution of cumulative offtake agreements, 2020-2025 

 
Notes: ROW = Rest of world. “Global” refers to offtake agreements from companies that operate globally and for which a 
specific location for the offtake has not been identified. Data include agreements signed until July 2025. 
Sources: IEA analysis based on announcements of offtake agreements for hydrogen and hydrogen-based fuels and data 
from Argus Media Group, All rights reserved, BloombergNEF and S&P Global. 

European offtakers account for around half of the agreed volume included in offtake 
agreements, but only one-third of the agreed supply. 

The creation of lead markets can kick-start demand creation  
Depending on the location, renewable hydrogen can be between 1.5 and 7 times 
more expensive than unabated fossil hydrogen. This cost premium is an important 
challenge for project developers, but a wide range of final products use hydrogen 
as an intermediate feedstock, and in many cases the cost impact is likely to be 
manageable. The impact of using low-emissions intermediate products on the 
price of final products varies across sectors, but the premium decreases along the 
value chain, meaning that consumers see only a modest price increase in final 
products. The development of lead markets10 therefore presents an opportunity to 
overcome these barriers and unlock demand for hydrogen. For example, using 
low-emissions fertilisers in the production of coffee would increase the cost of a 
cup of coffee in the United States by 0.05%, and using low-emissions ammonia in 
maritime transport would lead to a 0.9% increase in the cost of an avocado 
transported from Peru to China, over a distance of approximately 10 500 nautical 
miles. Similarly, the introduction of the ReFuelEU aviation quotas is expected to 
increase the cost of a flight ticket within the European Union by 1.7%, but only 
1.4% of this increase comes from the use of synthetic fuels. Final industrial 
products also see a very moderate increase in cost when using low-emissions 
hydrogen in their production. The use of low-emissions steel (produced with 

 
 

10 A lead market is a country or region that pioneers the adoption and diffusion of products or technologies with a distinctive 
feature (e.g. environmentally friendly) that leads to a cost premium which prevents its adoption in traditional markets. 
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renewable hydrogen) in the production of electric vehicles (EVs) in the 
European Union increases the price of an EV by approximately 1% (Figure 2.4).  

However, supply chains are complex and involve multiple intermediate actors who 
are likely to face additional challenges and require policy support to navigate the 
transition. Cost increases tend to be concentrated upstream in the supply chain, 
where producers operate with low price margins and competition is fierce. 
Producers in the middle of the chain often do not have visibility on the potential 
demand for their intermediate products from final consumers, and do not benefit 
directly from consumers’ willingness to pay a higher price for those end products. 
For example, using renewable hydrogen in steel production leads to a cost 
premium of around 40% for the steel produced, which can be a major barrier for 
adoption in a sector that operates with very narrow margins.  

Figure 2.4 Renewable hydrogen cost premium on selected end products  

 
IEA. CC BY 4.0. 

Notes: Profit margins are not included. Under “Coffee”, average fertiliser use and yield for the United States is assumed, with 
a conventional ammonia price at USD 380/t and low-emissions ammonia price at USD 1 000/t, and a cup of coffee at USD 4. 
For “Avocado”, assumptions include use of 100% of low-emissions ammonia as shipping fuel; heavy fuel oil price at 
USD 15/GJ and low-ammonia price at USD 50/GJ; maritime route of 10 500 nautical miles and a speed of 23.9 knots. For 
“Electric vehicle”, assumptions include steel intensity of 820 kg/vehicle; price USD 40 000/vehicle. For “Aeroplane ticket”, 
assumptions include the 2030 mandate of ReFuelEU for sustainable aviation fuels and e-fuels; fossil kerosene price at 
USD 28/GJ, bio-jet kerosene price at USD 35/GJ; and synthetic kerosene price at USD 163/GJ; fuel cost assumed to be 25% 
of the final ticket price. Detailed technoeconomic assumptions provided in the annex. 
Sources: IEA analysis based on IEA (2023), The Role of E-fuels in Decarbonising Transport, REFuelEU, and data from 
UN Food and Agriculture Organization, Haifa, International Fertilizer Association, Bloomberg. 

The low-emissions hydrogen cost premium is significant, but it translates into only small 
cost increases in end products. 

A policy framework to create lead markets 
The development of lead markets presents an opportunity to overcome these 
barriers and unlock demand for low-emissions hydrogen through early adopters 
who can drive the scale-up of hydrogen use. These markets can act as testing 
grounds, helping to demonstrate the viability and benefits of using low-emissions 
hydrogen. By creating an initial wave of demand, lead markets can help build 
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https://www.deloitte.com/nl/en/Industries/energy/perspectives/mobilizing-demand-for-green-hydrogen.html
https://www.deloitte.com/nl/en/Industries/energy/perspectives/mobilizing-demand-for-green-hydrogen.html
https://www.iea.org/reports/the-role-of-e-fuels-in-decarbonising-transport
https://www.consilium.europa.eu/en/press/press-releases/2023/10/09/refueleu-aviation-initiative-council-adopts-new-law-to-decarbonise-the-aviation-sector/
https://www.haifa-group.com/fertilization-coffee-benefits-foliar-spraying-multi-k
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momentum and encourage more businesses and industries to invest in hydrogen 
technologies. This early demand is essential for reducing the cost of production 
by enabling economies of scale, ultimately making hydrogen more affordable and 
accessible for a wider range of sectors.  

Targeted policy action is required to overcome initial market challenges resulting 
from the small cost premium associated with the use of low-emissions hydrogen 
in the supply chain of final products. Some key policy instruments include: 

 Demand-side policies: these include tax incentives linked to carbon intensity, 
quotas (as in the aviation sector), and public procurement programmes prioritising 
low-emissions materials and products. 

 Carbon taxes: these can provide a strong economic signal to reduce carbon 
emissions, incentivising businesses to adopt cleaner technologies. 

 Price support mechanisms: measures to help cover the cost premium include 
contracts for difference or product carbon premiums. Double-sided auctions, as 
used by the H2Global mechanism, promote competition on both sides of the 
market, ensuring greater price transparency and addressing the challenges of 
long-term offtake contracts. 

 Certification and labelling: clear and reliable rules for measuring emissions and 
labelling products help consumers to trust low-emissions claims and help prevent 
greenwashing. 

 Carbon border mechanisms: instruments like the EU Carbon Border Adjustment 
Mechanism (CBAM) aim to ensure that imported products comply with the same 
standards as those produced locally. 

 Awareness and education: in addition to highlighting the environmental and social 
benefits of low-emissions products, it is important to raise awareness of concepts 
such as the “carbon footprint” of products to help consumers make informed 
decisions. 

Policies that aim to foster lead markets must be carefully designed to balance 
industrial decarbonisation aims with affordability and equity considerations across 
sectors and regions. The product examples discussed above – coffee, EVs, 
avocados and aeroplane tickets – are all very different, and the public policy 
instruments required to distribute the cost premium across the value chain must 
take into account the varying implications for different consumer groups and 
industries.   

The private sector also plays a role in the development of lead markets 
The private sector has an important role to play in identifying areas in which such 
products are likely to gain traction among consumers, and which therefore present 
a market opportunity. There is already a pool of consumers willing to absorb small 
premiums for products that are sustainable and can offer additional benefits, as 
can be seen with the growing market for organic food in Europe, and in high-value 
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sectors such as the automotive industry. The manufacturers of end products can 
act as anchor buyers for the low-emissions materials needed for their products by 
establishing long-term offtake commitments and de-risking the supply chain, 
thereby creating a knock-on effect that can trigger demand for intermediate 
products (including low-emissions hydrogen and its derivatives) and, therefore, 
investment in their production. 

The establishment of initiatives based on transparent, measurable and verifiable 
demand-creation goals for different end products and co-ordination of 
stakeholders along the whole value chain can help achieve these aims. Private-
led initiatives such as the First Movers Coalition and the Mission Possible 
Partnership have taken the first steps in this direction. However, despite positive 
first steps, the extent to which pledges made by such initiatives get implemented 
– and thus their real-world impact – remains to be seen. 

Hydrogen procurement tenders yield mixed outcomes due to 
cost and infrastructure challenges 
Several private sector actors have turned to hydrogen procurement tenders as a 
means to accelerate the adoption of low-emissions hydrogen, particularly in 
sectors in which emissions are hard to abate. The Global Hydrogen Review 2024 
(GHR-24) highlighted the launch of six such initiatives in India and Europe that 
collectively targeted the procurement of nearly 1 Mtpa of low-emissions hydrogen. 
One year on, their outcomes have varied considerably, shaped by cost pressures, 
pricing mechanisms and infrastructure challenges (Table 2.1). 

The most notable progress to date has come from TotalEnergies, which launched 
a tender in 2023 to procure renewable hydrogen for its refining operations across 
Europe. The company has already secured agreements covering 40% of its target 
of 500 ktpa, marking a significant step forward in advancing low-emissions 
hydrogen uptake in the refining sector. Since the release of the GHR-24, several 
state-owned refineries in India have launched six tenders for the supply of 
renewable hydrogen (Table 2.2). 

In June 2024, the Solar Energy Corporation of India (SECI), a state-owned 
enterprise, issued a tender for the procurement of renewable ammonia (NH3), to 
be supplied to 13 pre-selected fertiliser plants, to provide demand certainty. SECI 
evaluated the bids through a reverse auction process and awarded the contracts 
in August, at prices in the range of INR 49.75-64.74/kg NH3 (Indian rupees) 
(~USD 580-750/t NH3).  

In Europe, three major steel producers – Salzgitter AG, Stahl-Holding-Saar and 
Thyssenkrupp Steel – launched tenders to secure hydrogen supply for their 
planned DRI plants. To date, none of these tenders have resulted in contract 
awards. Thyssenkrupp Steel, in particular, has temporarily suspended its tender 

https://totalenergies.com/media/news/press-releases/decarbonizing-refining-totalenergies-launches-call-tenders-supply-500000
https://totalenergies.com/media/news/press-releases/decarbonizing-refining-totalenergies-launches-call-tenders-supply-500000
https://www.connaissancedesenergies.org/afp/hydrogene-vert-totalenergies-veut-securiser-dici-fin-2026-son-approvisionnement-pour-ses-raffineries-250318
https://direct.argusmedia.com/newsandanalysis/article/2726313
https://direct.argusmedia.com/newsandanalysis/article/2726313
https://eurometal.net/thyssenkrupp-steel-pauses-german-green-hydrogen-tender-on-high-prices/
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process due to bid prices exceeding acceptable thresholds, a situation driven by 
elevated electrolyser costs and uncertainties surrounding renewable electricity 
pricing. Further delays in the development of hydrogen pipeline infrastructure have 
also impeded progress, requiring companies to adjust their project timelines. 

Table 2.1 Tenders for procuring low-emissions hydrogen and hydrogen-based fuels 
and results as of May 2025 

Company Country Sector Capacity Status (August 
2025) 

Salzgitter AG Germany Steel Up to 141 ktpa of low-
emissions hydrogen 

Open; no contract 
awarded 

Solar Energy 
Corporation of India India Fertilisers 724 ktpa of renewable 

ammonia* 
Winning bids 
announced 

Stahl-Holding-Saar Germany Steel 50 ktpa of renewable 
hydrogen 

Open; no contract 
awarded 

Thyssenkrupp Steel  Germany Steel 143 ktpa of renewable 
hydrogen 

Paused; no contract 
awarded 

TotalEnergies 

Belgium, 
France, 

Germany, the 
Netherlands 

Refining 500 ktpa of renewable 
hydrogen 

200 ktpa awarded; 
the rest is expected 
before the end of 

2026 

National Highways United Kingdom Construction 1.2 ktpa of low-
emissions hydrogen 

Open; companies 
shortlisted 

* The size of the original tender was 539 ktpa, but this was later increased to 724 ktpa.  

Emerging policy efforts are poised to drive uptake of low-
emissions hydrogen in the near term 
Despite the slowdown in efforts to adopt low-emissions hydrogen observed in 
2024, several recent policy developments – which are expected to remain the 
primary driver of demand – suggest demand may improve in the near term. 
Notably, the IMO’s Net-Zero Framework regulations, expected to be formally 
adopted in October 2025, could be a significant catalyst for the global uptake of 
clean fuels in the shipping sector, including hydrogen and hydrogen-derived fuels. 
However, some stakeholders have raised concerns that the current definition of 
IMO regulations may stimulate demand for other fuels (like LNG or biofuels) rather 
than hydrogen-based fuels in the short term (see Shipping for more details). 

At the regional level, Europe continues to lead on policy-driven demand creation. 
This is reflected in mandates for the aviation sector introduced by the 
European Union (ReFuelEU Aviation) and the United Kingdom, Germany’s 
Carbon Contracts for Difference scheme, and the ongoing transposition of the EU 
Renewable Energy Directive (RED) targets for transport and industry into national 
legislation (see Chapter 6: Policies). However, most EU member states have 
missed the original deadline of May 2025 for the transposition of these targets into 
national legislation. As of August 2025, only the Czech Republic and Romania 

https://www.salzgitter-ag.com/en/newsroom/press-releases/details/salzgitter-ag-now-inviting-tenders-for-hydrogen-requirements-for-the-first-time-21912.html
https://www.seci.co.in/Upload/Tender/SECI000157-3336665-Amendment-02-GA-M2AT1-finalupload.pdf
https://www.seci.co.in/Upload/Tender/SECI000157-3336665-Amendment-02-GA-M2AT1-finalupload.pdf
https://direct.argusmedia.com/newsandanalysis/article/2726313
https://direct.argusmedia.com/newsandanalysis/article/2726313
https://direct.argusmedia.com/newsandanalysis/article/2552035
https://www.thyssenkrupp.com/en/newsroom/press-releases/pressdetailpage/thyssenkrupp-steel-is-intensively-pushing-ahead-with-developing-the-hydrogen-economy:-call-for-tenders-for-supplying-hydrogen-to-the-first-direct-reduction-plant-at-the-duisburg-location-251160
https://eurometal.net/thyssenkrupp-steel-pauses-german-green-hydrogen-tender-on-high-prices/
https://totalenergies.com/media/news/press-releases/decarbonizing-refining-totalenergies-launches-call-tenders-supply-500000
https://www.connaissancedesenergies.org/afp/hydrogene-vert-totalenergies-veut-securiser-dici-fin-2026-son-approvisionnement-pour-ses-raffineries-250318
https://www.find-tender.service.gov.uk/Notice/038732-2024/PDF
https://direct.argusmedia.com/newsandanalysis/article/2681123?keywords=UK%20highways
https://direct.argusmedia.com/newsandanalysis/article/2681123?keywords=UK%20highways
https://www.seci.co.in/Upload/Tender/SECI000157-2714385-RfSforSupplyofGreenAmmoniaunderSIGHTscheme(M-2A-T-I).pdf
https://www.seci.co.in/Upload/Tender/SECI000157-3336665-Amendment-02-GA-M2AT1-finalupload.pdf
https://www.imo.org/en/MediaCentre/PressBriefings/pages/IMO-approves-netzero-regulations.aspx
https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/12303-Sustainable-aviation-fuels-ReFuelEU-Aviation_en
https://www.gov.uk/government/consultations/mandating-the-use-of-sustainable-aviation-fuels-in-the-uk?utm_medium=email&utm_campaign=govuk-notifications-topic&utm_source=51d84907-58c9-4739-8192-dc7942c4ed30&utm_content=immediately
https://energy.ec.europa.eu/topics/renewable-energy/renewable-energy-directive-targets-and-rules/renewable-energy-directive_en
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(accounting for less than 5% of EU hydrogen demand) have adopted laws 
addressing both transport and industry RED targets for renewable fuels of non-
biological origin (RFNBO) into their national legislation. 

Other ambitious programmes that have been implemented since the GHR-2024 
include Japan’s Contracts for Difference scheme, Korea’s Hydrogen Power 
Generation Bidding Market and the above-mentioned tenders for ammonia (in the 
fertiliser sector) and hydrogen (in refining) in India. On the other hand, the funding 
cuts for hydrogen projects announced by the US Department of Energy are likely 
to slow down the uptake of low-emissions hydrogen in the short term in the 
United States (see Chapter 6: Policies). 

Demand in oil refining 
Hydrogen demand in oil refining remains high, but growth is 
slowing, and adoption of low-emissions hydrogen is still limited 
Oil refining is the sector with the second highest hydrogen demand after industry, 
exceeding 43 Mt in 2024 (Figure 2.5). However, demand growth in refining has 
slowed compared to previous years, with an increase of only about 0.5 Mt, nearly 
40% of which originated from the Middle East. 

As in previous years, most hydrogen consumed in refineries was produced onsite 
from unabated fossil fuels (45%) or as a by-product from other operations (35%), 
such as naphtha catalytic reforming. The remainder was merchant hydrogen,11 
which was also predominantly produced from unabated fossil fuels. 

There was limited progress in adopting low-emissions hydrogen in refining in 
2024, with use growing by just 3% to reach nearly 250 kt. This increase was mainly 
due to the ramp-up of projects that became partially operational in 2023 and the 
start-up of a project at the Szazhalombatta refinery in Hungary. Over 90% of the 
low-emissions hydrogen used in refineries today is produced from fossil fuels with 
carbon capture, utilisation, and storage (CCUS),12 and is concentrated in a handful 
of projects in Canada and the United States, which mostly use the captured CO2 
in enhanced oil recovery. 

 
 

11 Merchant hydrogen refers to hydrogen that is purchased from external producers who then deliver hydrogen to the end 
users, normally by truck or using regional, privately owned hydrogen pipeline networks. In the case of refineries, merchant 
hydrogen is typically produced in plants located in proximity, and sometimes even in the same location, in plants operated 
by another company, given that hydrogen is not a global commodity today. 
12 See the Annex for details on the use of the terms CCUS, CCS and CCU in the Global Hydrogen Review. 

https://www.jogmec.go.jp/english/news/release/news_10_00079.html
https://www.gasnews.com/news/articleView.html?idxno=120125
https://www.gasnews.com/news/articleView.html?idxno=120125
https://www.energy.gov/articles/secretary-wright-announces-termination-24-projects-generating-over-3-billion-taxpayer
https://www.energy.gov/articles/secretary-wright-announces-termination-24-projects-generating-over-3-billion-taxpayer
https://molgroup.info/en/media-centre/press-releases/mol-started-production-in-the-largest-capacity-green-hydrogen-plant-of-the-region
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Figure 2.5 Hydrogen use for refining by region and source of hydrogen, 2020-2025 

 
IEA. CC BY 4.0. 

Notes: Fossil w CCUS = fossil fuels with carbon capture, utilisation and storage; Fossil w/o CCUS = fossil fuels without 
CCUS. “Onsite” refers to the production of hydrogen inside refineries, including dedicated captive production and as a by-
product of catalytic reformers. 2025e = estimate for 2025. The estimated value for 2025 is a projection based on trends 
observed until July 2025. 

Hydrogen demand in oil refining reached its highest level yet in 2024, mostly produced 
onsite from unabated fossil fuels and as a by-product from other operations. 

 

Box 2.1 The future of refineries 

Oil refineries are a fundamental part of today’s energy system, transforming crude 
oil into essential fuels and chemical feedstocks used every day across all economic 
sectors. Hydrogen plays a key role in refining operations as a feedstock, reagent 
and energy source for the transformation of crude oil into those products. Hydrogen 
is primarily used to hydrotreat products to remove impurities (especially sulphur) 
and in hydrocracking to upgrade heavier oil fractions into lighter products. 

A complex short-term forecast 

The IEA’s Oil 2025 report showed that the refining sector is entering into a 
challenging phase. Demand for refined products is projected to peak in 2027 before 
declining, as accelerating drops in gasoline and diesel consumption outweigh 
growth in naphtha and jet fuel. In addition, the growing role of natural gas liquids in 
meeting petrochemical feedstock demand is eroding the market share of refineries 
in this sector.  

Despite tepid demand growth, global refining capacity is expected to increase by 
2030, which will require refiners to either rationalise capacity or reduce utilisation 
rates. Regional trends differ, however: For example, refining capacity is projected 
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to decrease in Europe from economic challenges associated with high energy costs 
and strict environmental regulations. Meanwhile, refining capacity is projected to 
expand in China, India and the Middle East due to factors like low energy and 
regulatory costs, rising domestic demands for petrochemical feedstocks and 
strategic positioning to export to growing Asian markets. 

A vital sector despite growing challenges in the long term  

A successful transition to a cleaner energy system means that several sectors shift 
to alternative technology, with impacts on the demand for oil products, particularly 
fuels. For example, further road transport electrification reduces demand for 
gasoline and diesel and the use of sustainable aviation fuels can decrease kerosene 
demand.  

These challenges and uncertainties may lead to closures of some refineries, but 
transitions processes take time. In addition, modern refineries are multifaceted in 
that they produce more than just transportation fuels. Numerous products currently 
produced by refineries (such as petrochemical feedstocks, lubricants, asphalts and 
speciality products) appear to be difficult, or even impossible, to replace with low-
emissions alternatives, either due to the high costs of alternatives or – first and 
foremost – to the lack of technological options for alternatives. Even in 
decarbonisation pathways, demand for these products is expected to remain 
resilient.  

Demand for refined products, 2024, and technology readiness level of low-
emissions technologies that could replace them 

 
Notes: TRL = technology readiness level; Pet-chem = petrochemical. In the right-hand chart, alternative technologies for 
other oil products have been excluded since other oil products includes a very wide range of different products.  
Source: ETP Clean Energy Technology Guide. 

A potential future decline in the demand for refined oil fuels, at the same time as 
demand for refined oil products for non-energy uses remains stable, is likely to 
impact refinery operations, favouring refineries that are closely integrated with 
petrochemical plants. Demand for petrochemical feedstock is expected to grow 
substantially in the short term, prompting investment into integrated petrochemical 
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complexes. This can have regional implications, as it already does today, given that 
most such facilities are based in Asia and the Middle East, and less so in Europe 
and North America. 

A case for supporting low-emissions hydrogen in refining 

Despite potential shifts in energy demand, the central role of refineries in the energy 
and chemical sectors is here to stay even under a fast energy transition. 

However, many refineries are facing mounting challenges, particularly in advanced 
economies, and some are at risk of ending operations. More refineries may find 
themselves in this situation in the longer term. However, low-emissions fuels 
(biofuels, hydrogen and synthetic fuels) can provide an alternative to continue 
operations in many of these facilities. Refineries are well-placed to become supply 
centres for these fuels, making use of existing infrastructure as well as the expertise 
and skills in the sector, which can be critical to develop innovative, efficient and 
cost-effective solutions. 

Additionally, a potential decline in demand for oil products does not necessarily 
imply a corresponding reduction in hydrogen use within refineries. Due to 
regulations requiring low-sulphur fuels, hydrogen consumption per unit of refinery 
output is expected to increase under energy transition scenarios. 

There may also be a case for governments to work with refiners to chart a way 
forward in the interests of energy security, that can also be used to boost low-
emissions hydrogen production and use. Australia, for example, is providing support 
to its last two refineries to stay open, in return for accelerated commitments to switch 
to producing low-sulphur fuels. This strategy could be replicated by governments 
elsewhere, supporting continued operation in refineries under the agreement to 
pursue an accelerated uptake for low-emissions hydrogen. 

A growing pipeline of low-emissions hydrogen projects is 
emerging, with Europe leading new commitments 
The short-term outlook for low-emissions hydrogen use in refining appears more 
promising. Considering only projects that have already reached FID, by 2030, 
production and use of low-emissions hydrogen in refineries for self-consumption 
could exceed 0.5 Mt – almost 15% more than last year’s estimate (Figure 2.6). 
This increase is driven by nearly 100 kt of potential production from projects that 
reached FID in 2024 and 2025. The potential production from projects reaching 
FID in 2024 is half of that from projects reaching FID in 2023, when significant 
progress was made thanks to two large FIDs in the Netherlands (for hydrogen 
production from natural gas with CCUS linked to the Porthos project) and a 
100 MW electrolysis project in Portugal. 

https://www.porthosco2.nl/en/
https://www.galp.com/corp/en/media/press-releases/press-release/id/1490/final-investment-decision-on-green-hydrogen-and-hvosaf-projects
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Figure 2.6 Onsite production of low-emissions hydrogen for refining by technology 
and region from announced projects, 2021-2030 

 
IEA. CC BY 4.0. 

Notes: CCUS = carbon capture, utilisation and storage; FID = final investment decision; ROW = rest of world. “Onsite” 
refers to the production of hydrogen inside refineries, including dedicated captive production and as a by-product of 
catalytic reformers. 2025e = estimate for 2025. 2030e = estimate for 2030. The estimated values for 2025 and 2030 are 
based on projects that had reached FID by July 2025 with a target commercial operational date in 2025 and 2026-2030, 
respectively. Only projects that are operational, under construction of that reached FID are included. 
Source: IEA Hydrogen Production Projects Database (September 2025). 

More than 0.5 Mt of low-emissions hydrogen are expected to be produced and used in 
refineries by 2030. 

In contrast, 2024 saw a larger number of projects reaching FID, but of smaller 
scale – a trend that has continued in the first half of 2025. The most significant 
developments have been in Europe (UpHy project in Austria and the Refhyne II 
and Lingen Green Hydrogen projects in Germany), but there was some progress 
in India (one project at the Panipat refinery) and Canada, with a project at the 
Scotford refinery (associated with the Polaris CCUS project). 

Fossil-based hydrogen production with CCUS is expected to remain the main 
route for low-emissions hydrogen in refining in the near term. By 2030, hydrogen 
produced via electrolysis using low-emissions electricity is expected to be almost 
ten times larger than in 2024, but will only account for about 15% of all low-
emissions hydrogen use. 

Refining is the sector with the largest share of projects that have reached FID 
among announced projects, with one-third of potential production already at FID 
stage. If projects at earlier development stages (feasibility studies or concept 
phase) are also taken into account, an additional 0.7 Mt of low-emissions 
hydrogen could be used in refining by 2030 (1.2 Mt in total). These projects 
(together with projects that have reached FID or are operational) could meet the 
equivalent of nearly 3% of today’s global hydrogen demand in refining. 
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https://www.iea.org/data-and-statistics/data-product/hydrogen-production-and-infrastructure-projects-database
https://www.omv.com/en/media/press-releases/2025/20250528-omv-showcases-groundbreaking-technologies-at-schwechat-refinery
https://www.shell.com/what-we-do/hydrogen/latest-news-from-shell-hydrogen/shell-to-build-100-megawatt-renewable-hydrogen-electrolyser-in-germany.html
https://fuelcellsworks.com/2024/12/18/green-investment/bp-takes-final-investment-decision-on-100mw-lingen-green-hydrogen-plant-commissioning-by-2027
https://www.larsentoubro.com/pressreleases/2025-07-21-lt-energy-greentech-to-establish-india-s-largest-green-hydrogen-plant/
https://www.shell.com/news-and-insights/newsroom/news-and-media-releases/2024/shell-to-build-carbon-capture-and-storage-projects-in-canada.html
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Supply from merchant low-emissions hydrogen projects could further increase this 
percentage. This avenue is being pursued by some oil and gas companies in order 
to secure low-emissions hydrogen supply for their refineries, particularly in 
Europe. As mentioned above, TotalEnergies has already contracted 200 ktpa of 
the 500 ktpa targeted by its tender launched in 2023 to procure low-emissions 
hydrogen for its European refineries, including large offtake agreements with Air 
Products (70 ktpa), RWE (30 ktpa), and Air Liquide (15 ktpa), as well as a joint 
venture with Air Liquide to build and operate a 250 MW electrolyser to supply 
30 ktpa to its Zeeland refinery. The company plans to finalise agreements for the 
remaining 300 ktpa of its tender by the end of 2026. In addition, TotalEnergies and 
Air Liquide had already signed an offtake agreement for 15 ktpa prior the launch 
of the tender. Merchant supply allows refineries to minimise risks associated with 
onsite low-emissions hydrogen production, but it requires dedicated hydrogen 
infrastructure. In April 2025, Ontras completed the first conversion of a natural gas 
pipeline to hydrogen for refinery supply in Germany, but widespread infrastructure 
has not yet been developed, which could jeopardise this alternative supply route.  

In India, several state-owned companies have launched tenders to secure the 
supply of merchant hydrogen to their refineries. These tenders have been 
launched in the form of Build-Own-Operate procurements, which imply that the 
companies with the awarded bids will be required to build a production plant, own, 
and operate it for the period of time stipulated in the tender. Successful 
commissioning of these tenders could lead to the use of more than 40 kt of 
merchant renewable hydrogen in India’s refineries by 2030.  

Table 2.2 Tenders for procuring merchant renewable hydrogen in refineries in India 

Company Refinery Size 
(kt hydrogen) Status (August 2025) 

Indian Oil Corporation 
Limited Panipat 10 

Awarded to L&T Energy Green Tech with a 
bid of INR 397/kg H2 (~USD 4.6/kg H2), with 
the project already in FID 

Bharat Petroleum 
Corporation Limited 

Mumbai, 
Kochi or Bina 5 

Awarded to Ocior Energy with a bid of 
INR 328/kg H2 (~USD 3.8/kg H2) for the 
Bina refinery  

Hindustan Petroleum 
Corporation Limited Visakh 5 Awarded to Ocior Energy with a bid of 

INR 328/kg H2 (~USD 3.8/kg H2) 

Mangalore Refinery and 
Petrochemicals Limited Mangalore 10 Bids submitted and under evaluation 

Numaligarh Refinery 
Limited Numaligarh 10 Bid submission deadline extended until 

August 2025 

Chennai Petroleum 
Corporation Tamil Nadu 2 Bids submitted and under evaluation 

Source: IEA compilation based on data from corporate disclosures.  

https://totalenergies.com/news/press-releases/decarbonization-european-refineries-first-agreement-signed-between
https://totalenergies.com/news/press-releases/decarbonization-european-refineries-first-agreement-signed-between
https://totalenergies.com/news/press-releases/germany-totalenergies-and-rwe-join-forces-green-hydrogen-decarbonize-leuna
https://totalenergies.com/system/files/documents/totalenergies_PR-totalenergies-Air-Liquide-decarbonize-refineries-northern-europe-green-hydrogen_2025_en.pdf
https://totalenergies.com/system/files/documents/totalenergies_PR-totalenergies-Air-Liquide-decarbonize-refineries-northern-europe-green-hydrogen_2025_en.pdf
https://totalenergies.com/system/files/documents/totalenergies_PR-totalenergies-Air-Liquide-decarbonize-refineries-northern-europe-green-hydrogen_2025_en.pdf
https://www.connaissancedesenergies.org/afp/hydrogene-vert-totalenergies-veut-securiser-dici-fin-2026-son-approvisionnement-pour-ses-raffineries-250318
https://totalenergies.com/media/news/press-releases/totalenergies-and-air-liquide-join-forces-green-hydrogen-decarbonize
https://www.ontras.com/en/aktuelles/newsroom/erstes-teilstueck-des-wasserstoff-kernnetzes-ostdeutschland
https://www.business-standard.com/companies/news/indian-oil-corporation-to-award-green-hydrogen-tender-by-mid-may-125050101027_1.html
https://www.business-standard.com/companies/news/indian-oil-corporation-to-award-green-hydrogen-tender-by-mid-may-125050101027_1.html
https://economictimes.indiatimes.com/industry/renewables/lt-energy-tech-wins-iocs-first-green-h2-tender/articleshow/121146892.cms
https://www.larsentoubro.com/pressreleases/2025-07-21-lt-energy-greentech-to-establish-india-s-largest-green-hydrogen-plant/
https://jmkresearch.com/wp-content/uploads/2024/10/75879933_TD_939_6L0Z.pdf
https://jmkresearch.com/wp-content/uploads/2024/10/75879933_TD_939_6L0Z.pdf
https://www.mrchub.com/news/418608-ocior-energy-seals-green-hydrogen-project-for-bpcl-refinery-at-bina-india?query=commodityGroup:879550;
https://www.tendersontime.com/india/details/green-hydrogen-generation-unit-5kta-boo-basi-628a89f/
https://www.tendersontime.com/india/details/green-hydrogen-generation-unit-5kta-boo-basi-628a89f/
https://economictimes.indiatimes.com/industry/renewables/abu-dhabi-company-ocior-energy-wins-bid-to-supply-green-hydrogen-to-hpcl-at-visakh-refinery/articleshow/122528030.cms?from=mdr
https://jmkresearch.com/wp-content/uploads/2024/10/Annexure-01-Tech-Spec-and-PQC-BEC.pdf
https://jmkresearch.com/wp-content/uploads/2024/10/Annexure-01-Tech-Spec-and-PQC-BEC.pdf
https://www.nrl.co.in/upload/Tender/NRL816202443954PM_OC08000104.pdf
https://www.nrl.co.in/upload/Tender/NRL816202443954PM_OC08000104.pdf
https://fuelcellsworks.com/2025/07/23/h2/oil-india-extends-green-hydrogen-tender
https://www.tendersontime.com/india/details/corrigendum-green-hydrogen-generation-unit-ghgu-2-kta-capacity-boo-basis-cpcl-manali-7449efd/
https://www.tendersontime.com/india/details/corrigendum-green-hydrogen-generation-unit-ghgu-2-kta-capacity-boo-basis-cpcl-manali-7449efd/
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EU policy initiatives are driving demand for low-emissions 
hydrogen, though national implementation varies widely 
Although North America currently accounts for over 90% of low-emissions 
hydrogen use in refining, Europe is expected to catch up by 2030. Today, Europe 
accounts for 75% of the FIDs for production projects in refining. Based on projects 
in operation and with FIDs, by 2030, Europe’s share in the demand for low-
emissions hydrogen could reach more than 45%, while North America’s share 
could be reduced to 50%. This shift is largely due to EU policy measures. Although 
these policy efforts were initially intended to support decarbonisation goals, 
growing concerns about energy security and fossil fuel import dependency have 
contributed to renewed momentum behind the replacement of natural gas-based 
hydrogen use with renewable hydrogen. 

The EU RED sets a target of 1% RFNBOs in transport fuels by 2030, including the 
use of renewable hydrogen to replace unabated fossil hydrogen in oil refining. This 
is expected to support the adoption of low-emissions hydrogen in refining in the 
near term, although only four EU member states have fully transposed the RED 
transport target into national legislation to date. The RED also gives member 
states flexibility in the measures they implement to meet the target, resulting in 
different policy approaches. As such, effectiveness in supporting low-emissions 
hydrogen adoption in refineries is likely to vary.  

For example, the Czech Republic has included a mandatory 1% RFNBO quota in 
transport, with a non-compliance penalty of CZK 2/MJ (Czech koruny) 
(~USD 10/kg), allowing renewable hydrogen used as an intermediate product in 
refineries to count towards the obligation. Finland has set a 4% RFNBO quota in 
road transport with a non-compliance penalty of EUR 55/GJ, but renewable 
hydrogen used in refineries can only count for up to 1%. In response, Neste 
cancelled a 120 MW electrolysis project at its Porvoo refinery, arguing that this 
limitation reduced the project’s economic viability. In the Netherlands, a GHG 
emission reduction quota of 1.07% for road transport and 0.32% for shipping to be 
met with RFNBOs by 2030 has been approved by the government.13 An initial 
proposal to reduce renewable fuels credits by 60% if renewable hydrogen is used 
in refining, which could have impacted the viability of such projects, has been 
scrapped14 (see Chapter 6: Policies). 

 
 

13 The quotas have been included in a law that was submitted to parliament and is awaiting final approval. 
14 The proposal for the reduction credits has been scrapped at least until 2030 but may be re-introduced after then. 

https://energy.ec.europa.eu/topics/eus-energy-system/hydrogen/renewable-hydrogen_en#eu-definition-of-renewable-hydrogen
https://www.enviweb.cz/130376
https://www.eduskunta.fi/FI/vaski/PoytakirjaAsiakohta/Sivut/PTK_135+2024+9.aspx
https://www.neste.com/news/neste-to-re-evaluate-its-renewable-hydrogen-plan-and-withdraw-from-investing-into-a-120-mw-electrolyzer-at-the-porvoo-refinery
https://www.neste.com/news/neste-to-re-evaluate-its-renewable-hydrogen-plan-and-withdraw-from-investing-into-a-120-mw-electrolyzer-at-the-porvoo-refinery
https://open.overheid.nl/documenten/345baee1-a20c-43a2-a7b3-2a45db3d16a6/file
https://www.hydrogeninsight.com/production/bp-backed-green-hydrogen-project-put-on-hold-until-the-dutch-government-transposes-eu-renewable-energy-directive/2-1-1801614
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Demand in industry  
Hydrogen demand growth in industry is accelerating 
Global hydrogen demand in industry reached 55 Mt in 2024, an increase of almost 
3% year-on-year (Figure 2.7). About 60% of this demand was for ammonia 
production, 30% for methanol and 10% for DRI in the iron and steel sector. The 
growth rate increased from 0.6% in 2022 and 2.0% in 2023. 

Figure 2.7 Hydrogen use in industry by source technology, sector and region, 2020-
2024  

  
Notes: Fossil w/o CCUS = fossil fuels without carbon capture, utilisation and storage; Fossil w CCU = fossil fuels with 
carbon capture and use. In production by source technology, “Other” includes onsite production with bioenergy, carbon 
capture and storage or electricity, and merchant hydrogen. In demand by sector, “Other” includes dedicated hydrogen 
production for high-temperature heat applications. 
Sources: IEA analysis based on data from Argus Media Group, All rights reserved, International Fertilizer Association, 
World Steel Association. 

Growth in industrial hydrogen demand continued and even accelerated to 3%, comparable 
to the post-COVID rebound of 2021. 

The majority of hydrogen used is produced within the same facility from unabated 
fossil fuels. Carbon capture is already a common practice in certain industries, 
although most of the 150 Mtpa of CO2 captured is used for other industrial 
applications, such as urea production, and ends up being released to the 
atmosphere. As a result, hydrogen production in industry was responsible for 
around 705 Mt of direct CO2 emissions in 2024, up 3% from 2023, and 
approximately equal to the total GHG emissions of Mexico.  

Hydrogen use for ammonia had the highest growth rate, of 3.4%, followed by 
methanol, with 2.0%. China remains the largest user, with 35% of global industrial 
hydrogen use, followed by the Middle East (15%), India (10%), the United States 
(8%) and Europe (5%). Demand is currently growing fastest in the India and the 
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Middle East, with an increase of around 7% in 2024, with both locations building 
on their expertise to increase production of higher value-added chemical products 
like ammonia and methanol. In contrast, some European companies are now 
closing production facilities while infrastructure to import ammonia comes online. 
It therefore appears unlikely that Europe will return to its 2020 demand level of 
4.2 Mt, compared to 2.6 Mt today.  

The use of low-emissions hydrogen in industrial applications is 
moving towards maturity 
Low-emissions hydrogen production in industrial plants in 2024 was about 320 kt, 
85% of which was from fossil fuels with CCUS (Figure 2.8). Growth compared to 
2023 was around 6%, with most of the additional capacity relying on electrolysis. 
Around 70% of capacity added in 2024 was located in China, 35% being for 
methanol production and 30% for ammonia. The number of projects in industry 
reached a new peak in 2024, with a dozen reaching operational status. Some 
noteworthy projects since GHR-24 include: 

 Xingguo Precision Machinery (China) launched 300 000 m³/day of electrolysis-
based hydrogen for blending and use in blast furnace smelting.  

 Xinjiang Dunhua (China) produces methanol with CCUS and captures 
150 ktpa CO2.  

 In Cubatao (Brazil), Yara started production of ammonia from biomethane with a 
goal of producing 6-7 ktpa of ammonia.  

 EMSTEEL (United Arab Emirates) successfully launched a demonstration project 
to produce low-emissions steel from hydrogen.  

 

In 2025, production is expected to jump to 590 kt, mainly thanks to a large CCUS 
project from CF industries which started operation in their Donaldsonville facility 
(United States) in July, aiming to capture 2 Mtpa of CO2 from ammonia production.  

Considering all projects that are already under construction or that have reached 
FID, low-emissions hydrogen production in industry could reach 1 580 ktpa by 
2030. Over 60% of those projects rely on CCUS, and almost two-thirds are aimed 
at ammonia production. In addition to methanol (9% of projects by 2030) and steel 
(14%), projects target numerous other applications, such as olefin, alumina, 
polysilicon or graphite production. Some of the most significant announcements 
of projects taking FID or starting construction since GHR-24 include:  

 Envision Energy (China) commissioned the second phase of an electrolysis-based 
ammonia plant with a capacity of 300 ktpa NH3, which is the world’s largest 
operating electrolysis plant (500 MW). 

 China General Nuclear started construction of a project with a production capacity 
of 400 ktpa of methanol from wind power in Inner Mongolia. The first phase, with 

https://agrointel.ro/315771/un-mare-producator-de-ingrasaminte-din-europa-isi-reduce-productia-din-cauza-costurilor-ridicate
https://www.yara.com/corporate-releases/yara-drives-hydrogen-economy-with-new-ammonia-import-terminal/
https://www.sme-group.com/blog/low-carbon-bf-ironmaking-technology-entered-industrial-application
https://finance.sina.com.cn/jjxw/2024-09-30/doc-incqwyyz9719853.shtml
https://valorinternational.globo.com/agribusiness/news/2024/12/09/yara-begins-ammonia-production-with-biomethane.ghtml
https://www.emsteel.com/emsteel-and-masdar-announce-success-of-pilot-project-using-green-hydrogen-to-produce-green-steel/
https://www.cfindustries.com/newsroom/2025/donaldsonvilleccs
https://www.chinadaily.com.cn/a/202303/22/WS641a6ceba31057c47ebb5e30.html
https://arena.gov.au/news/world-first-hydrogen-pilot-for-low-carbon-alumina/
https://www.turbomachinerymag.com/view/longi-mingyang-shuangliang-to-provide-electrolyzers-for-projects-in-middle-east-china
https://www.enapter.com/en/press-release/enapter-ags-megawatt-electrolysers-make-a-significant-contribution-to-the-development-of-italian-hydrogen-valleys/
https://www.envision-group.com/news-detail?id=6881eccce98bb4003597fdf6&lang=en
https://chinahydrogen.substack.com/p/chinas-6-largest-green-hydrogen-ammonia
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a production capacity of 200 ktpa of methanol, is expected to be operative by the 
end of 2025.  

 JSW Energy (India) is setting up 25 MW of electrolyser capacity to manufacture 
near-zero emissions steel.  

 Blue Point (United States) a joint venture between CF Industries, JERA and Mitsui 
to build a 1.4 Mt ammonia facility with carbon capture and storage (CCS) is 
expected to begin in 2029.  

Figure 2.8 Onsite production of low-emissions hydrogen for industry applications by 
sector and by status, 2021-2030 

 
IEA. CC BY 4.0. 

Notes: CCUS = carbon capture, utilisation and storage; FID = final investment decision; 2025e, 2030e = estimate for 2025, 
and for 2030. The estimated values for 2025 and 2030 are based on projects that have reached FID by May 2025 with a 
target commercial operational date in 2025 and 2026-2030, respectively. 
Source: IEA Hydrogen Production Projects Database (September 2025). 

Major projects for the production and use of low-emissions hydrogen in industry are 
coming online in 2025, and additional growth is expected until 2030. 

By 2030, over 95% of planned low-emissions hydrogen production in industry is 
expected to be located in North America (50%), China (25%), the European Union 
(15%), the Middle East (6%) and India (4%). However, production routes differ: 
Electrolysis is favoured in China, India and the European Union, while CCUS 
dominates in North America and the Middle East, reflecting their ample fossil fuel 
reserves. In terms of technology choice, alkaline electrolysers are the favoured 
option for electrolysis, and CCUS is mostly applied to ammonia production based 
on methane reforming (steam methane reforming [SMR] and autothermal 
reforming [ATR]) (see Chapter 3 Hydrogen production).  

The competitiveness of hydrogen technologies 
The cost of producing industrial materials such as ammonia, methanol and steel 
largely depends on three factors: the capital cost of the equipment, the cost of the 
energy inputs (fuels and electricity) and the cost of capital. The capital 
expenditures (CAPEX) for near-zero emissions facilities are often greater than for 
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https://www.ndtvprofit.com/business/also-setting-up-indias-largest-1-gwh-battery-energy-storage-system-project-in-rajasthan
https://www.cfindustries.com/newsroom/2025/blue-point-joint-venture
https://www.iea.org/data-and-statistics/data-product/hydrogen-production-and-infrastructure-projects-database
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conventional ones. For steel H2 DRI, upfront cost is expected to be 40-140% 
higher than for natural gas-based DRI once facilities reach commercial scale.15 
For ammonia production based on grid-connected electrolysis, the cost of the 
electrolysers alone accounts for 60-80% of the capital cost currently, for a total 
CAPEX up to double that of traditional unabated natural gas-based generation.16 
Nevertheless, energy costs often play a bigger role than CAPEX in the final 
production costs, meaning that a higher capital cost is not necessarily a barrier. 
Coal gasification for ammonia production is 55-90% more capital-intensive than 
SMR, but the technology is still widespread in China, where the lower cost for coal 
compared to natural gas offsets the higher capital costs. The strong impact of 
energy costs on the levelised cost of production of materials also leads to 
differences in the competitiveness of the different production routes across 
regions:  

 Steel: Energy is one of the largest costs for steel manufacturers, alongside the 
iron ore input. The energy used takes the form of coal for blast furnaces, natural 
gas for DRI and electricity for H2 DRI. The competitiveness of low-emissions 
routes depends on the incumbent unabated fossil-based technology that they 
replace. This depends on the existing production capacity, which varies across 
regions. DRI with CCUS technology generally yields the lowest cost gap with 
conventional DRI technologies, with regions like the Middle East and North 
America having a cost gap of 5% to 25%, due to access to cheap fossil fuel and 
domestic geological storage capacities. The cost gap is greater for H2 DRI, ranging 
from 50% to 140% (depending on the region) when compared with blast furnaces, 
and 20% to 80% compared with unabated natural gas-based DRI.  

 Ammonia: Across all production routes, energy is used to power the ammonia 
production, and the creation of hydrogen feedstock, be it through natural gas 
reforming, gasification or electrolysis. Energy is therefore the main cost driver for 
ammonia production. Low-emissions routes are currently more expensive than 
conventional routes in every region, particularly for electrolysis and CCUS 
technologies with high capture rates. In the European Union for instance, the cost 
gap is around 25% for CCUS and ranges around 120%-220% for electrolysis. 
However, the implementation of certain policies can be effective in closing this 
gap. The EU Emissions Trading System requires CO2 emitters to pay a price for 
each tonne of CO2 emitted. Fertiliser producers are eligible for free allowances 
that avoid or reduce CO2 payments, but these free allowances will be gradually 
reduced as the CBAM enters in force. This could reduce the cost gap to as little 
as 5% for CCUS, and 75-160% for electrolysis, assuming a CO2 cost of USD 100/t. 
The application of a CO2 price in the region will help to level the playing field for 
low-emissions routes.  

 
 

15 The cost of the production process and of the eventual electrolyser and hydrogen storage are included in the CAPEX.  
16 This uncertainty range is the result of CAPEX variation between countries stemming from factors like cost of labour and 
cost of materials, as well as the inherent uncertainty related to a technology that is still improving.  
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 Methanol: The factors affecting production cost are similar to those for ammonia. 
In the case of methanol produced using electrolysis, there is an additional 
complexity in finding a carbon source (normally captured CO2). As a consequence 
of this, and the larger difference in CAPEX between conventional and hydrogen-
based routes (compared to ammonia production), the cost gap for electrolytic 
methanol is greater than for ammonia or steel. India currently has the lowest cost 
gap (100%) between unabated natural gas-based production and electrolytic 
methanol, due to the high cost of imported natural gas. In the case of China, the 
world’s largest producer of methanol, the price gap is around 70% for CCUS and 
160% for electrolysis compared with unabated coal-based production, which is 
today’s main production route in the country.  

 

For electrolytic routes, electricity is often the main contributor to production costs 
(Figure 2.9). Price variation between regions can be significant, with the average 
industrial electricity price in Western Europe being USD 240/MWh compared to 
USD 80/MWh in the United States in 2023.17 Even within a given region, price can 
vary greatly during the year or during the day.  

Establishing an initial connection to the grid can take several years, and has 
already been a challenge for some advanced projects. As such, investing in 
captive renewable capacity can reduce uncertainty, and potentially also 
production costs, if conditions are favourable. The variability of renewables can be 
compensated with electricity from the grid at times of lower generation or onsite 
hydrogen storage, so the electrolyser operates following power output, while the 
main material production systems remain at nominal capacity. However, operating 
such storage capacity can be difficult (see Chapter 4 Hydrogen trade and 
infrastructure). Another alternative is to increase the flexibility of the process for 
the production of the final material (steel, ammonia or methanol). For example, 
some ammonia companies (such as Topsoe and KBR) are providing technologies 
that can already operate flexibly, even at as little as 10% of nominal capacity.  

 

 

 
 

17 Average end-user prices for grid-connected industries, including taxes and connection fees.  

https://www.spglobal.com/market-intelligence/en/news-insights/articles/2024/3/power-struggle-in-swedish-green-steel-plant-ramp-up-tests-grid-rules-80746850
https://www.topsoe.com/processes/green-ammonia
https://www.kbr.com/sites/default/files/documents/2023-09/K-GreeN-Brochure.pdf
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Figure 2.9 Levelised cost of production of selected materials by technology, 2024  

 
IEA. CC BY 4.0. 

Notes: Con. = Conventional; Low = Low-emissions; CCUS = carbon capture, utilisation and storage; DRI = direct reduced 
iron; EAF = electric arc furnace; BF = blast furnace; BOF = basic oxygen furnace; H2 = hydrogen. Grid and Captive refer to 
electrolysis-based routes using either grid electricity or captive renewable production. CCUS refers to carbon capture and 
storage applied to natural gas. H2 DRI uses captive power. The cost of the CO2 input for methanol production and the cost 
of CO2 transport and storage for CCUS are included in the OPEX category. CO2 represents the cost increase if a 
USD 100/t CO2 tax were in place. Error bars represent regional variation together with cost uncertainty for near-zero 
emissions technologies for material production. Energy costs are based on regional end-user prices for industry, including 
taxes and charges, and include fuel use for energy and for feedstock. The base case values and the ranges are as follows: 
USD 10/Mbtu for natural gas (USD 2.5-23/Mbtu); USD 100/t for coal (USD 17-200/t); USD 100/MWh for grid electricity 
(USD 30-300/MWh); USD 30/MWh for captive electricity (USD 20-50/MWh); USD 900/kW for electrolyser CAPEX in China 
and USD 2 300/kW elsewhere. Costs shown here do not include explicit financial support but may include financial support 
embedded in individual cost components (e.g. fossil fuel subsidies). See technical annex for further detail on 
technoeconomic assumptions.  

Hydrogen technologies remain more expensive than conventional options, but CO2 costs 
and regional characteristics can narrow the competitiveness gap in some cases. 

Drivers of demand for low-emissions hydrogen in industry 
Although the economics of using low-emissions hydrogen currently poses 
challenges, new projects are emerging and the project pipeline appears to be fairly 
robust. While most of these projects result from mature hydrogen demands in 
industry, such as ammonia or methanol production switching to low-emissions 
hydrogen, some are for more novel uses, such as steel production. Some of these 
use cases have recently become more mature, increasing the potential size of the 
market over the short to medium term, and stimulating demand (Figure 2.8). 

More generally, projects are now emerging as a result of clearly communicated 
demand for lower-carbon commodities and products, such as through offtake 
agreements. For steel, offtake agreements amount to at least 2.2 Mtpa of steel 
produced using low-emissions hydrogen (with around 55% firm agreements), and 
another approximately 3 Mtpa of demand is covered by private sector demand 
aggregation initiatives for near-zero emissions steel. This amounts to a hydrogen 
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demand of around 140 ktpa, rising to approximately 330 ktpa if it is used to 
produce the full 5 Mtpa of steel. For ammonia made with low-emissions hydrogen 
with a clear industrial end-use, offtake agreements account for 6.8 Mtpa (around 
45% of which are firm agreements), which could correspond to a hydrogen 
demand of around 1.2 Mtpa. This potential hydrogen demand is similar to the 
1.6 Mtpa of low-emissions hydrogen supply projects coming online by 2030 in 
industry. 

Different factors on the supply side are also stimulating low-emissions hydrogen 
demand. Price rises and variability in fossil fuel markets over the last few years 
have increased prices and risks that need hedging or accounting for, and concerns 
around energy security have reduced the attractiveness of fossil fuel-based 
options in importing countries. In regions where electricity prices can be 
disconnected from fossil fuel prices and supply risks, electrolysis could become 
an attractive option for hydrogen supply. This may be through either onsite 
generation, power purchase agreements, or markets with low exposure to fossil 
fuels or price-setting. As an example, Quebec (Canada) has an almost 100% 
renewable grid, dominated by hydropower, and this low-cost electricity supply has 
historically attracted users such as aluminium producers (which is also an 
electrolytic process). Today, electrolytic ammonia projects are being developed in 
Quebec and other markets with similar characteristics.  

Changes in the wider context and at the policy level also support a move away 
from incumbent options, such as India’s policy on renewable hydrogen hubs, the 
EU RED (which includes a target to meet 42% of industrial demand for hydrogen 
with RFNBO), and China’s Implementation Plan for Accelerating the Application of 
Clean and Low-Carbon Hydrogen in the Industrial Field (see Chapter 6: Policy). 
Policies continue to play a critical role in stimulating demand, through both explicit 
support and actions to remove barriers for low-emissions hydrogen.  

Action underway to develop standards and labelling that can enable differentiation 
of lower-emission products can be especially important for industry, boosting 
demand and stimulating market formation. For ammonia, carbon intensity 
certification schemes from Ammonia Europe, The Fertiliser Institute, and the 
Ammonia Energy Association are being launched. Standards for steel include the 
Low Emissions Steel Standard, the ResponsibleSteel Standard, the Global Steel 
Climate Council (GSCC) Standard, and China Iron and Steel Association’s Low 
Carbon Emission Steel Evaluation Method unveiled in October 2024. Market 
participants also price-in signals of potential future policies and anticipated future 
demand (such as national or company-level net zero targets), when making 
investment decisions, although these have less influence on supplier decision-
making than the current market and policy environment. 

https://cdnbbsr.s3waas.gov.in/s3716e1b8c6cd17b771da77391355749f3/uploads/2024/03/20240316695795641.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32023L2413&qid=1699364355105
https://www.nea.gov.cn/20241231/22b72793b0c946a4b9bfc2b06612b32e/2024123122b72793b0c946a4b9bfc2b06612b32e_02b0cba335b5a04a9d96979fe0b49bd0e3.pdf
https://www.nea.gov.cn/20241231/22b72793b0c946a4b9bfc2b06612b32e/2024123122b72793b0c946a4b9bfc2b06612b32e_02b0cba335b5a04a9d96979fe0b49bd0e3.pdf
https://ammoniaenergy.org/articles/the-fertilizer-institute-ammonia-europe-launch-carbon-intensity-certification-programs/
https://lowemissionsteelstandard.org/
https://www.responsiblesteel.org/standards
https://globalsteelclimatecouncil.org/the-standard/
https://globalsteelclimatecouncil.org/the-standard/
https://www.c2fsteel.com/
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Demand in transport 

Road transport 

Heavy-duty vehicles are behind growth in hydrogen use in road 
transport  
In 2024, hydrogen demand for road transport grew almost 40% year-on-year to 
reach around 100 kt (Figure 2.10). Despite this significant increase, the road 
transport sector remains a minor and emerging contributor to global hydrogen 
demand, accounting for roughly 0.1% of total consumption.  

Figure 2.10 Hydrogen demand in road transport by vehicle mode and region, 2019-2024 

 
IEA. CC BY 4.0. 

Notes: ROW = Rest of World. Commercial vehicles include light commercial vehicles and medium- and heavy-duty trucks. 
Assumptions on annual mileage and fuel economy come from the IEA Global Energy and Climate Model. 

Hydrogen demand in road transport increased nearly 40% in 2024, largely as a result of 
growth in demand for trucks in China. 

This increase was primarily driven by growth in demand for heavy-duty trucks, 
particularly in China. Although trucks made up only 15% of the global stock of 
hydrogen-fuelled vehicles in 2024, or about 15 500 fuel cell trucks, they accounted 
for nearly two-thirds of hydrogen consumption in the sector, as they cover greater 
distances and have higher energy demands per kilometre than other road 
transport modes. The single largest share of demand was for heavy-duty trucks in 
China, which accounted for more than half of road transport hydrogen use globally. 
Buses accounted for about one-quarter, and although they make up 70% of the 
hydrogen vehicle fleet, passenger cars accounted for only around 10% of 
hydrogen use in the sector, due to their lower energy intensity compared to heavier 
commercial vehicles. 
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Hydrogen demand in the road transport sector remains concentrated in a few 
countries. In 2024, China accounted for 75% of global demand, followed by Korea 
with almost 15%, and the United States representing more than 5% of the total. 
Emerging use of hydrogen-fuelled heavy-duty trucks in Europe meant hydrogen 
demand for transport in the region grew by over 50%, bringing its share of the total 
close to 5%. 

Sales of fuel cell electric vehicles are strongest for commercial 
vehicles 
Less than 5 000 fuel cell car sales were reported worldwide in 2024, continuing a 
decreasing trend in annual sales (Figure 2.11). This trend is most noticeable in 
the United States and Korea, which have the largest stocks of fuel cell cars. In 
Korea, less than 3 000 fuel cell cars were sold in 2024, about 40% less than in 
2023 and 75% less than in 2022. Despite this downturn, Korea’s largest carmaker, 
Hyundai, is still committed to its fuel cell electric vehicle (FCEV) deployment 
strategy. In 2024, the company announced the successor to its only fuel cell car 
model, the Hyundai Nexo, featuring an extended range of 700 km. The Nexo 
production will be supported by in a new domestic fuel cell manufacturing plant 
set to break ground in 2028, with an annual output capacity of 6 500 units. In the 
United States, Toyota cleared stock by reducing the price of its hydrogen fuel cell 
model by up to 70% at the start of 2024, in addition to offering USD 15 000 worth 
of hydrogen to potential buyers. 

While only a handful of original equipment manufacturers produce fuel cell cars, 
Chinese carmakers, such as FAW and SAIC, have added fuel cell car models to 
their line-ups in recent years. Nevertheless, fuel cell car sales in China decreased 
to less than 100 units in 2024, down from about 500 units the year before.  

In contrast, the stock of fuel cell trucks in China increased 40% in 2024 compared 
with 2023, reaching almost 15 000 vehicles, about 5 times the number at the end 
of 2020. Yet the number of fuel cell trucks on Chinese roads still pales in 
comparison to other alternative powertrain technologies and, even when other 
road vehicle types are included, the 2024 FCEV stock falls short of the 50 000 
target set for the end of 2025. In 2024, there were around 25 times as many battery 
electric trucks and about 65 times as many compressed natural gas trucks as 
hydrogen-fuelled trucks operating in the country. In addition, the stock of fuel cell 
light commercial vehicles (LCVs) in China reached more than 5 000 by the end of 
2024, nearly double that of the previous year. Almost 95% of the world’s fuel cell 
commercial vehicles (including LCVs, medium- and heavy-duty trucks) are in 
China, where they make up more than 70% of the country’s FCEV stock. The 
higher total cost of ownership of fuel cell electric trucks compared to their battery 
electric equivalents (see However, there were also some setbacks; in Austria, for 
example, the country’s sole operator of HRSs, OMV, announced that it will close 
all stations by September 2025 due to poor market uptake and operating financial 
losses. The United States and Japan have also seen the number of available 

https://fuelcellsworks.com/2025/04/03/fuel-cells/hyundai-debuts-second-gen-hydrogen-nexo-suv-with-700km-range-and-upgraded-fuel-cell-tech
https://fuelcellsworks.com/2025/01/24/hydrogen-economy/toyota-offers-unprecedented-discounts-in-california-for-its-hydrogen-fuel-cell-model-mirai#google_vignette
https://fuelcellsworks.com/2025/04/04/fuel-cells/faw-hongqi-launches-hydrogen-powered-h5-into-mass-production
https://www.just-auto.com/news/saic-steps-up-fcev-drive-with-maxus-euniq-7-launch/?cf-view
https://www.chinadailyhk.com/hk/article/380510#:%7E:text=China%20has%20set%20a%20goal%20to%20have%2050%2C000%20fuel%20cell%20vehicles%20on%20its%20roads%20by%202025
https://www.chinadailyhk.com/hk/article/380510#:%7E:text=China%20has%20set%20a%20goal%20to%20have%2050%2C000%20fuel%20cell%20vehicles%20on%20its%20roads%20by%202025
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HRSs fluctuate over the past year or so, as hydrogen supply and station reliability 
issues have led to temporary and permanent closures. The number of operational 
stations in the United States increased in 2024, but remains below the number 
available between 2017 and 2022. In California, in particular, the number of HRSs 
declined year-on-year as Shell and other operators permanently closed their 
stations, making the state’s goal of deploying 200 HRSs by the end of 2025 
increasingly unlikely. In Japan, the number of available HRSs fell for the second 
consecutive year in 2025, dropping to about 160 operational stations, the lowest 
total since 2020. This decline was due to the closure of small- to medium-sized 
facilities as the focus shifted towards expanding larger HRSs across the country.  

Fuel cell long-haul trucks require major cost reductions to compete with their 
battery electric counterparts) suggest that their recent adoption in China is most 
likely a result of recent policies. In 2020, the Chinese government issued several 
pilot policies to support the use of hydrogen in the road transport sector within 
three key city clusters (Beijing, Shanghai and Guangdong). In 2022, two more 
clusters (Henan and Hebei) were added, bringing the programme’s coverage to a 
total of over 50 cities. Running from 2022 to 2025, these pilots grant purchase 
subsidies and financial credits to cities, fleet operators and hydrogen refuelling 
station operators based on their achievement of predefined targets. By April 2025, 
the five clusters had already received RMB 5.1 billion (USD 710 million), 60% of 
the total budget envelope. This policy framework underpins the emergence of a 
network to support hydrogen use in road transport in China and also supports the 
country’s goal of reaching 1 million FCEVs on the road by 2035, as set by the New 
Energy Vehicle Industrial Development Plan for 2021 to 2035.  

Figure 2.11 Fuel cell electric vehicle stock by segment and region, 2019-2025 

 
IEA. CC BY 4.0. 

Note: 2025* includes data from January to July.  
Sources: IEA (2025), Global EV Outlook 2025, EAFO (European Alternative Fuels Observatory), H2FCP (Hydrogen Fuel 
Cell Partnership), JADA (Japan Automobile Dealers Association), EV Volumes and Clean Energy Ministerial Hydrogen 
Initiative country survey responses. 

Fuel cell car sales growth continues to slow down globally, though China is driving a surge 
in fuel cell commercial vehicle sales. 
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https://theicct.org/wp-content/uploads/2023/12/ID-24-%E2%80%93-NEVs-2023-briefing-A4-70114-v4_final.pdf
https://theicct.org/wp-content/uploads/2023/12/ID-24-%E2%80%93-NEVs-2023-briefing-A4-70114-v4_final.pdf
https://research.csiro.au/hyresource/policy/international/china/
https://www.gov.cn/zhengce/content/2020-11/02/content_5556716.htm
https://www.gov.cn/zhengce/content/2020-11/02/content_5556716.htm
https://www.iea.org/reports/global-ev-outlook-2025/trends-in-heavy-duty-electric-vehicles
https://alternative-fuels-observatory.ec.europa.eu/transport-mode/road
https://h2fcp.org/system/files/resources_files/FCEV-Sales-Tracking.pdf
https://www.jada.or.jp/pages/342/
https://ev-volumes.com/


Global Hydrogen Review 2025 Chapter 2: Hydrogen demand 

PAGE | 58  IE
A.

 C
C 

BY
 4

.0
. 

Some 50 fuel cell commercial vehicle models were available worldwide in 2024, 
about 10 times fewer than battery electric models. Of these, more than 60% were 
heavy-duty truck models, from around 20 different manufacturers (Figure 2.12). 
Nevertheless, there are signs that the market remains difficult, with several truck 
manufacturers facing bankruptcy or insolvency proceedings (see Chapter 5 
Investment and innovation). The fuel cell LCV industry is also suffering major 
setbacks in Europe. In February 2025, the joint venture between Renault and Plug 
Power was put into liquidation. In July 2025, Stellantis announced it was 
abandoning its fuel cell technology development programme, ending the 
production of its fuel cell van models; France’s largest fuel cell producer, Symbio, 
lost its main partner as a result. 

The global stock of fuel cell buses grew by around 25% in 2024. Of this, almost 
75% are in China, and more than 15% in Korea, where the stock grew strongly in 
2024 to reach 1 700. The Korean government is seeking to increase the country’s 
hydrogen bus fleet more than tenfold by 2030, to gradually replace conventional 
options. To drive uptake, fuel subsidies for fuel cell bus operators were raised to 
KRW 5 000 (Korean won) per kg H2 (equivalent to USD 3.7/kg H2 with 2024 
conversion rates).  

Figure 2.12 Fuel cell electric heavy-duty vehicle models by original equipment 
manufacturer origin, vehicle mode and release date, 2023-2025 

 
IEA. CC BY 4.0. 

Notes: MD = medium-duty; HD = heavy-duty. This figure is based on a continually updated inventory and may not be fully 
comprehensive due to new model announcements and small manufacturers not yet captured in the database. Values for 
2023 include models released between 2016 and 2023 inclusive. The database contains coaches, school buses, shuttle 
buses, and transit buses, categorised here as “Bus”, which refers to those with more than 25 seats. “MD truck” includes 
medium-duty (MD) trucks, MD step vans, and cargo vans with a gross vehicle weight (GVW) of greater than 3.5 t but less 
than 15 t. “HD truck” includes all freight trucks with a GVW of greater than 15 t. “Specialised truck” includes garbage trucks, 
concrete mixers, and other specialised mobile commercial trucks. Buses with 25 seats or fewer and light commercial 
vehicles that have a GVW of less than 3.5 t are excluded from this analysis. Vehicles of the same model that appear more 
than once in the database, but with small variations in specifications, such as power, payload or seating, are counted as 
one model.  
Source: IEA analysis based on the Global Drive to Zero ZETI tool database. 

Buses account for the largest share of available fuel cell heavy-duty vehicle models 
globally but fuel cell heavy-duty truck models gained ground in 2024. 
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https://www.h2-view.com/story/renault-plug-hydrogen-mobility-jv-hyvia-put-into-liquidation/2122132.article/
https://www.stellantis.com/en/news/press-releases/2025/july/stellantis-discontinues-hydrogen-fuel-cell-technology-development-program
https://www.stellantis.com/en/news/press-releases/2025/july/stellantis-discontinues-hydrogen-fuel-cell-technology-development-program
https://fuelcellsworks.com/2025/02/24/fuel-cells/seoul-to-offer-increased-subsidy-for-hydrogen-powered-buses-from-march
https://globaldrivetozero.org/tools/zeti/
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Number of hydrogen refuelling stations continues to grow, 
despite setbacks 
At the end of 2024, there were around 1 300 hydrogen refuelling stations (HRSs) 
in operation worldwide, 15% more than at the end of 2023 (Figure 2.13). The 
biggest increase was in China, where the number of stations increased 30% to 
over 500. In Europe, there were more than 300 stations at the end of 2024, 15% 
more than 2023, but still below the 2030 goal to deploy one HRS every 200 km 
along the TEN-T core road network, and one HRS in all the 337 urban nodes 
selected by the EU Alternative Fuel Infrastructure Regulation.  

Figure 2.13 Number of hydrogen refuelling stations by region and ratio of fuel cell 
electric vehicle stock to number of stations, 2019-2024 

 
IEA. CC BY 4.0. 

Note: FCEV = fuel cell electric vehicle. 
Source: IEA (2025), Global Electric Vehicle Outlook 2025.  

China leads the global roll-out of hydrogen refuelling stations, whereas station availability 
has declined in the United States, due to reliability and hydrogen supply issues. 

However, there were also some setbacks; in Austria, for example, the country’s 
sole operator of HRSs, OMV, announced that it will close all stations by September 
2025 due to poor market uptake and operating financial losses. The United States 
and Japan have also seen the number of available HRSs fluctuate over the past 
year or so, as hydrogen supply and station reliability issues have led to temporary 
and permanent closures. The number of operational stations in the United States 
increased in 2024, but remains below the number available between 2017 and 
2022. In California, in particular, the number of HRSs declined year-on-year as 
Shell and other operators permanently closed their stations, making the state’s 
goal of deploying 200 HRSs by the end of 2025 increasingly unlikely. In Japan, 
the number of available HRSs fell for the second consecutive year in 2025, 
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https://www.eumonitor.eu/9353000/1/j4nvke1fm2yd1u0_j9vvik7m1c3gyxp/vmnqimkdf8z9/v%3Ds7z/f%3D/com%282025%29260_en.pdf
https://www.iea.org/reports/global-ev-outlook-2025
https://fuelcellsworks.com/2025/04/22/fuel-cells/omv-to-close-all-public-hydrogen-fuel-stations-in-austria-by-september
https://hydrogen-central.com/shell-says-goodbye-to-hydrogen-cars-they-are-closing-all-their-stations-in-the-state/
https://hydrogen-central.com/shell-says-goodbye-to-hydrogen-cars-they-are-closing-all-their-stations-in-the-state/
https://fuelcellsworks.com/2025/01/02/fuel-cells/california-s-light-duty-hydrogen-fueling-faces-setbacks-station-closures-highlight-grim-outlook-says-carb-report
https://afdc.energy.gov/fuels/laws/HY?state=CA#:%7E:text=By%202025%2C%20there%20will%20be%20200%20hydrogen%20fueling%20stations%20and%20250%2C000%20electric%20vehicle%20(EV)
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dropping to about 160 operational stations, the lowest total since 2020. This 
decline was due to the closure of small- to medium-sized facilities as the focus 
shifted towards expanding larger HRSs across the country.  

Fuel cell long-haul trucks require major cost reductions to 
compete with their battery electric counterparts 
Commercial vehicle owners and operators are typically very sensitive to the total 
cost of ownership (TCO) of zero-emissions trucks, such as fuel cell or battery 
electric long-haul trucks, when compared with their traditional diesel counterparts. 
TCO is therefore one of the key factors determining adoption. In analysis 
published in the IEA’s Global EV Outlook 2025, we show that the TCO after 
5 years of operation of a 500-km range battery electric heavy-duty truck (BET) 
acquired in 2024 is already lower than for a diesel equivalent in China in certain 
cases – but the TCO of an equivalent hydrogen fuel cell electric truck (FCET) 
remained about 35% higher.  

In Europe and the United States, both BETs and FCETs currently have a higher 
TCO than diesel equivalents in an identical use case. For BETs, the TCO is on 
average 15-20% higher, and for FCETs, 50% higher. However, the specific 
application and use profile of trucks are key factors for determining which 
powertrain technology is most suitable and whether FCET can complement BET 
as an alternative to diesel, meaning case-by-case analysis may be needed to 
evaluate the costs of various alternatives. 

FCETs face significant cost hurdles due to fuel and necessary infrastructure. Fuel 
costs account for up to 35% of their TCO (excluding driver costs), and hydrogen 
refuelling infrastructure adds another 10-20%, depending on the region. While 
FCETs are about 30% more energy-efficient than diesel trucks in relative terms, 
they lag behind BETs, which are 55% more efficient on identical mission profiles. 
Hydrogen fuel remains expensive, due to high costs for both production and for 
HRSs, especially when utilisation rates are low. Hydrogen fuel prices at the pump 
vary hugely by region; for example, in March 2025, S&P Global Platts reported 
average hydrogen pump prices at USD 6.3, USD 14.6 and USD 34.3 per 
kilogramme in China, Germany and California, respectively.18 These prices were 
between 2 and 6.5 times more expensive than electricity per unit of energy. When 
compared to diesel, these reported hydrogen prices more than 2 times more 
expensive per unit of energy in China and Germany, respectively, while in 
California hydrogen pump prices were about 10 times those of diesel. HRSs are 
more costly to build than EV chargers but can support more trucks daily without 
adding as much stress for the electrical grid. With 2024 assumed fuel price levels, 

 
 

18 For the TCO analysis presented in this report, different hydrogen prices have been used, based on production costs to 
avoid distortions from market equilibrium and subsidies. See annex for methodological details. 

https://www.iea.org/reports/global-ev-outlook-2025/trends-in-heavy-duty-electric-vehicles#abstract:%7E:text=Battery%20pack%20cost-,Truck%20total%20cost%20of%20ownership,-For%20electric%20trucks
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boosting HRS utilisation from 30% to 80% can cut infrastructure-related hydrogen 
costs by nearly 60%, reducing overall hydrogen fuel costs per kilometre by 25%. 
However, even under such optimal conditions, fuel cell trucks still end up being 
more expensive than their battery electric equivalents – about 5% more when a 
little-utilised EV charger is considered for BETs, and twice as expensive in the 
case of a BET served by a highly utilised EV charger.  

The manufacturing costs of batteries, fuel cells, and hydrogen storage tanks are 
expected to decline thanks to greater economies of scale and technology 
improvements, driving down the capital costs of both battery electric and fuel cell 
trucks. However, although the purchase price of a FCET is likely to fall 20-25% in 
the next 5 years, they are expected to remain more expensive than both battery 
electric and diesel trucks at the point of purchase. By 2030, resulting capital costs, 
together with higher fuel costs, mean that a 500-km range FCET remains more 
costly to own than a diesel truck, while equivalent BETs are set to reach TCO 
parity by 2030 in the three major regions analysed.  

Longer-haul applications could improve the competitiveness of FCETs with their 
battery electric equivalents, for three key reasons. First, the capital costs 
associated with BETs could rise significantly if larger batteries are required to 
extend their range. Second, a larger battery would lead to a significant powertrain 
weight increase, reducing the truck’s payload capacity. Third, if the battery size 
remains unchanged despite longer daily driving distances, drivers must spend 
more time charging to complete their daily routes, leading to higher dwell time 
costs. To determine whether such a use case could negate the TCO advantage 
of BETs over FCETs, Figure 2.14 shows a comparison of the TCO based on a 
mission profile with a daily driving distance of 800 km. Such long-distance routes 
may be uncommon in some regions, but are more typical in others. In China, more 
than 95% of road freight activity hinges on daily trips shorter than 500 km. In the 
European Union, only 25% of long-haul trips exceed 500 km per day and less than 
3% go beyond 800 km. On the other hand, population density, geographic scale 
and longer permitted driving hours all increase the average daily distance of long-
haul applications in the United States. In 2023, although not necessarily 
completed in a single day, about 40% of US road freight activity was tied to routes 
longer than 800 km. 

By 2030, in the 800-km daily route scenario, the TCO gaps between FCETs and 
diesel and battery electric trucks narrow, but remain in place across all analysed 
regions. However, in China in 2030, optimistic assumptions for FCETs (low-cost 
in the sensitivity analysis) bring the TCO of FCETs within less than 15% of that for 
diesel trucks. Importantly, BETs still offer a lower TCO than diesel trucks in this 
case, even if costs are high in the sensitivity analysis.  

 

https://www.iea.org/reports/global-ev-outlook-2025/trends-in-heavy-duty-electric-vehicles#abstract:%7E:text=However%2C%20even%20at,high%20utilisation%20rates.
https://theicct.org/wp-content/uploads/2021/06/China-long_haul_freight_barriers.pdf
https://www.itf-oecd.org/sites/default/files/docs/battery-electric-plug-in_hybrid-vehicles-wentzel.pdf
https://arashlaw.com/how-many-miles-is-a-truck-driver-allowed-to-drive-in-a-day/?utm_source=chatgpt.com#:%7E:text=Truckers%20can%20only%20be%20on%20duty%20for%20a%20maximum%20of%2014%20hours
https://www.bts.gov/browse-statistical-products-and-data/freight-facts-and-figures/value-tonnage-and-ton-miles-freight
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Figure 2.14 Total cost of ownership for battery electric and hydrogen fuel cell heavy-
duty trucks operating an 800-km daily haulage in selected regions, 2024-
2030 

 
IEA. CC BY 4.0. 

Notes: TCO = total cost of ownership; FCET = fuel cell electric truck; BET = battery electric truck. “Truck” refers to the cost 
of the truck including financing over 5 years at 5% interest and the residual value in year 5. “Infrastructure” is the levelised 
contribution to the cost of the EV charging or hydrogen refuelling station. “Driver costs” is the cost of employing a truck 
driver during normal working. “Dwell cost” is the additional cost incurred when a driver must continue charging beyond their 
rest period. “Other” costs include insurance and maintenance. Cost projections are based on the 2024 Global Energy and 
Climate Model Stated Policies Scenario in the IEA’s World Energy Outlook 2024 report. See the annex for a full list of 
sources, assumptions, and other inputs. An 800-km daily route was considered in this analysis, as opposed to the 500-km 
daily routes assumed in GEVO-25 analysis. The battery size of the battery electric truck used for comparison remains 
unchanged from GEVO-25 analysis, and such trucks need to stop twice a day to complete the 800-km mission profile. The 
hydrogen tank capacity of the considered fuel cell truck has been increased from 60 kg to 80 kg to cover the longer daily 
route. 
Source: Based on IEA (2025), Global Electric Vehicle Outlook 2025. 

By 2030, differences in TCO between fuel cell and battery electric trucks operating an 800-
km daily route narrow, but do not disappear. 

In 2024 and 2030, the TCO of FCETs in the base case is lower than that of BETs 
recharged at under-utilised charging points (high cost in the sensitivity analysis) in 
both the European Union and the United States. In 2024, in the base case 
scenario, a hydrogen price around USD 2.8/kg H2 is required for FCETs to reach 
TCO parity with BETs in both the latter regions, all else being equal (Figure 2.15). 
In China, in both 2024 and 2030, low charging infrastructure costs and low 
electricity prices for BETs would make it impossible to reach TCO parity between 
the two technologies by lowering the hydrogen price.  

This comparative TCO study does not include potential electricity grid upgrade 
costs, which can vary significantly by region depending on local grid readiness 
and the level of infrastructure required (distribution lines, substations, breakers, 
transformers, switchgear, etc.). While a 350-kW charger is assumed for 
opportunity charging in this TCO comparative analysis, electric truck fleet 
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operators could also opt for megawatt charging solutions to speed up recharging 
times. Such high-power charging technologies could place higher pressure on the 
grid and may consequently require costlier hardware upgrades. Factoring in grid 
upgrade costs could more than double the total infrastructure costs in the case of 
a megawatt charging station located in a remote rural area, while those located in 
urban areas that are closer to existing substations may only require less than 30% 
increase in total investment. In the current analysis, the doubling the infrastructure 
cost would translate into a hike of about 10% in the TCO of the 800km-range BET 
in both the European Union and the United States and an increase of about 2% in 
China. In the European Union, lengthy permitting and grid connection procedures 
pose a greater hurdle for charging point operators than the cost of rolling out the 
charging infrastructure itself, as highlighted by a European Commission 
communication in June 2025.  

Figure 2.15 Breakeven hydrogen price, fuel cell system and hydrogen tank 
manufacturing costs needed to reach total cost of ownership parity with 
battery electric trucks in selected regions, 2024-2030 

 
IEA. CC BY 4.0. 

Notes: H2 = hydrogen; BET = battery electric truck. In 2024, the manufacturing costs of the fuel cell system are 
USD 330/kW and USD 365/kW in the European Union and the United States, respectively. Those of the hydrogen tank 
system are USD 910/kg H2 and USD 1 010/kg H2. In the left-hand side figure, manufacturing costs of the fuel cell system 
and hydrogen tanks are scaled down evenly (all else being equal) in the base case scenario, with a constant hydrogen 
price of USD 4/kg H2 across all regions and timeframes. The hydrogen price represents the price paid by the hydrogen 
refuelling station operator; as such, hydrogen price shown is exclusive of infrastructure cost. In the right-hand side figure, 
the hydrogen price is varied, all else being equal in the base case scenario. 
Source: Based on IEA (2025), Global EV Outlook 2025. 

By 2030, with a hydrogen price of USD 4/kg, fuel cell and tank costs would still need to drop 
roughly 60% from 2024 levels for fuel cell and battery electric trucks to reach TCO parity. 

Another charging cost increase may come from grid upgrade costs associated 
with the combination of rapidly expanding electricity demand, projected to grow at 
nearly 4% per year through 2027, and significant growth of renewable energy 
capacity. This is expected to require substantial grid reinforcement and new 
operational approaches. Integrating higher shares of variable renewable energy 
and new types of demand will necessitate enhanced system flexibility, including 
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investments in enhancing dispatchability of generation, storage systems and 
flexible demand response, demand side management, and advanced digital 
technologies to better match supply and demand in real time. These interventions 
involve significant capital investment, with current annual global spending on grids 
at around USD 400 billion. The costs of these grid transformations are typically 
recovered through the grid cost component of electricity prices, affecting all end 
users. However, the direct impact of these costs on electricity prices will vary by 
region and depend on factors such as local infrastructure readiness, demand, and 
the evolving generation mix. In some cases, grid modernisation can improve 
system efficiency through better optimisation, enhanced flexibility, improved 
reliability and secure operation, and access to lower-cost renewables, potentially 
offsetting some cost increases. Given these complexities and the interplay of 
multiple regional and technological factors, it is not possible to provide a robust 
quantitative estimate for the impact of grid upgrades on TCO in this analysis.  

Another source of uncertainty is the potential role of BETs to offer flexibility to the 
grid, acting as a dispatchable source of both electricity demand and supply 
through vehicle-to-grid (V2G) technology. By making use of smart charging and 
V2G services, electric truck owners could lower their charging costs thanks to the 
flexibility offered to the grid. 

Both the hydrogen price and fuel cell powertrain manufacturing costs would need 
to fall to help fuel cell trucks become cost-competitive with their battery electric 
equivalents. When considering a hydrogen price of USD 4/kg delivered to the HRS 
(i.e. not accounting for refuelling infrastructure costs) in both the European Union 
and the United States, the fuel cell and hydrogen tank manufacturing costs would 
need to have fallen by about 25% in 2024, relative to our base case assumptions, 
and by roughly 60% in 2030, to enable TCO parity between FCETs and BETs. 
This would translate into breakeven manufacturing costs reaching about 
USD 100-150/kW for fuel cell systems and around USD 450-500/kg H2 for 
hydrogen tanks by 2030. In China, in both 2024 and 2030, even eliminating fuel 
cell and hydrogen tank manufacturing costs would not make FCETs cost-
competitive with their battery electric counterparts due to the low charging costs 
of BETs. 

In many applications and use profiles, FCETs will still trail BETs on cost unless 
there are substantial drops in hydrogen fuel prices, refuelling stations and fuel cell 
powertrain manufacturing costs. Public incentives – like direct purchase subsidies 
or differentiated tax setups – could accelerate cost parity in niche applications, but 
overall, BETs will remain the more cost-competitive zero-emission option for most 
heavy-duty use cases. 

However, in certain long-haul freight applications, BETs may incur higher dwell 
time costs than anticipated in this study. Truck fleet operators with strict service-

https://www.iea.org/reports/world-energy-investment-2025
https://www.iea.org/reports/electricity-grids-and-secure-energy-transitions
https://www.iea.org/reports/electricity-grids-and-secure-energy-transitions
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continuity requirements may face increased downtime costs, especially on routes 
lacking sufficient high-power opportunity chargers. In these cases, the faster 
refuelling time offered by FCETs may help close service gaps, provided their 
higher TCO does not outweigh the gains in operational continuity.  

Shipping 

The fleet of ships able to use hydrogen-based fuels keeps 
growing, but momentum is slowing down 
Maritime shipping has a dual role with respect to hydrogen: both as a means of 
transport, and as potential major consumer of hydrogen-based fuels, which is the 
focus of this section.19  

Alternative fuels – including biofuels, hydrogen and hydrogen-based fuels – are a 
key component of the decarbonisation of the shipping sector, together with energy 
efficiency measures and wind assistance. Some of these alternative fuels are 
“drop-in” fuels, meaning they do not necessitate any major transformation of 
existing ships. For example, diesel engines can run on biodiesel (with possible 
blending requirements), while LNG engines can run on biomethane. However, the 
availability of such fuels is limited by the quantity of available sustainable biomass 
for biofuels, the high production cost for hydrogen-based fuels, and competition 
with other sectors. Other alternative fuels are expected to be cheaper or more 
readily available, but necessitate specific engine and ship designs. Among those, 
methanol-powered ships are likely to be the most common in the short term, 
thanks to their technical feasibility: large methanol-powered ships have been on 
the water since the 2010s, whereas only a couple of small demonstration 
ammonia-powered vessels are operational at present (see Chapter 5 Investment 
and innovation). Low-emissions methanol can be either produced from biomass 
(biomethanol) or synthesised from low-emissions hydrogen, combined with 
carbon from a sustainable source (either biogenic CO2 or CO2 captured from the 
atmosphere). The two pathways are currently being developed at a similar pace, 
meaning that, in the initial stages of adoption of methanol in maritime shipping 
until 2030, both pathways could capture similar market shares. 

As of June 2025, more than 60 methanol-powered ships were on the water, 
although about half were chemical tankers that tend to run on fossil methanol.20 
In 2024, 7 smaller 1 200 twenty-foot equivalent unit (TEU)-capacity containerships 
were delivered to X-press Feeders, and 7 large 16 000 TEU containerships to 
Maersk, one of the world's largest shipping companies and a pioneer in the 

 
 

19 See Chapter on Trade and Infrastructure of the Global Hydrogen Review 2024 for more information about the status of 
shipping for transporting hydrogen and hydrogen-based fuels. 
20 Unless stated otherwise, information concerning orderbooks is retrieved from the Ship Register accessed through the UN 
Global platform. 

https://www.methanol.org/renewable/
https://www.iea.org/reports/global-hydrogen-review-2024
https://unstats.un.org/bigdata/task-teams/ais/index.cshtml
https://unstats.un.org/bigdata/task-teams/ais/index.cshtml
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promotion of methanol ships. As of June 2025, around 300 additional methanol-
powered ships were on order books, with an average size of more than 
100 000 deadweight tonnes (DWT). Of the ships expected to be delivered in 2028, 
only one-third have conventional oil engines in gross tonnage, while methanol-
powered ships represent about 10%. Those ships are typically fitted with a dual-
fuel engine that can operate on both methanol and conventional oil. If their fuel 
storage system is additionally designed to enable a full voyage on either fuel, they 
can be fully flexible. 

Low-emissions methanol is not a readily available commodity like fossil heavy fuel 
oil, and ship owners therefore need to set up offtake agreements with producers 
in order to secure sufficient supplies for their fleets. However, concerns are 
appearing around the adequacy of alternative marine fuel supply compared to 
demand in the next few years. For example, Maersk is scaling back the share of 
methanol on its order books as a hedging strategy to mitigate risk related to fuel 
supply (Figure 2.16). On the other hand, several shipping companies in Asia are 
still placing large orders, but do not necessarily make public their offtake 
agreements. Globally, the share of methanol-powered ships in order books has 
plateaued for delivery years 2026 to 2028, suggesting momentum is slowing. 

In the long run, it is expected that the supply of sustainable biomass for the 
production of biomethanol and synthetic methanol with CO2 from biogenic sources 
will be limited, and that methanol produced from CO2 captured from the 
atmosphere will be very expensive. In this context, carbon-free alternative fuels 
like ammonia and hydrogen appear to be the most scalable solutions. 

Ammonia-powered ships are expected to be a cost-competitive option in the long 
term, but their technological maturity is behind that of methanol-powered ships. 
Two recent regulatory advances are expected to bring the use of ammonia in 
shipping closer to commercialisation: 

 In December 2024, the IMO revised the International Code for the Construction 
and Equipment of Ships Carrying Liquefied Gases in Bulk (IGC Code) to permit 
the use of ammonia cargo as a marine fuel. This amendment is scheduled to enter 
into force in July 2026, but flag administrations can opt to apply it before the official 
enforcement date. 

 In September 2024, the IMO Sub-Committee on Carriage of Cargoes and 
Containers agreed on interim guidelines for the safety of ships using ammonia as 
a fuel, which aim to minimise the risk to the ship, its crew and the environment. 
This includes provisions for the arrangement, installation, control and monitoring 
of machinery, equipment and systems, and gives more certainty to ship-builders, 
and shipowners considering ordering ammonia-based propulsion ships. These 
guidelines are expected to be further revised in 2026 or 2027 and eventually 
incorporated in the mandatory International Code of Safety for Ships Using Gases 
or Other Low-flashpoint Fuels (IGF Code).  

https://www.wsj.com/business/earnings/maersk-reports-lower-net-profit-despite-strong-container-shipping-demand-b88540a8
https://www.imo.org/en/MediaCentre/MeetingSummaries/Pages/MSC-109th-session.aspx
https://www.imo.org/en/MediaCentre/MeetingSummaries/Pages/ccc-10th-session.aspx
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Figure 2.16 Energy demand from methanol-propulsion ships on order books, and 
share of methanol in order books for selected shipping companies, 2020-
2028 

 
IEA. CC BY 4.0. 

Notes: Energy demand of dual-fuel methanol ships can be met with hydrogen-based methanol, biomethanol or oil. Only the 
offtake agreements for hydrogen-based methanol are shown on the figure. The supply for offtake agreements includes all 
known announcements, irrespective of their start-up date. Agreements are considered firm if they contain a contractual 
commitment. Shares of methanol in total orders are calculated based on gross tonnage. 

Orders for methanol ships are slowing down amidst concerns around supply of low-
emissions fuels. 

4-stroke ammonia engines are now commercially available, and suitable for 
smaller vessels, such as ferries and cruise ships (see Chapter 5 Investment and 
innovation). Although 2-stroke ammonia engines for large ocean-going vessels 
are not yet commercial, more than 30 ships, in particular large bulk carriers, LPG 
tankers and oil tankers, are already on order books, with deliveries expected to 
start from late 2025. Ammonia bunkering facilities also need to be developed (see 
Infrastructure at ports).  

In addition to hydrogen-based fuels, the direct use of hydrogen is another 
alternative for decarbonising the shipping sector, but due to its lower volumetric 
energy density (8 GJ/m3 for liquid hydrogen vs 37 GJ/m3 for diesel) and the need 
for cryogenic storage for liquid hydrogen, hydrogen propulsion is not suited to long 
voyages. Both hydrogen internal combustion engines (ICEs) and fuel cells are 
being developed. Hydrogen ICE vessels are at the demonstration stage, while 
marine applications for fuel cells are at the first-of-a-kind commercial stage (see 
Chapter 5 Investment and innovation). As of today, 13 hydrogen ICE vessels are 
operating or on order, which are mainly smaller service vessels like tugs and off-
shore crew transfer vessels. In comparison, hydrogen fuel cells have a better 
energy efficiency and can be fitted on a wider range of ships. A total of 29 such  
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vessels are currently operating or on order, mainly cruise ships and passenger 
ferries. The IMO interim guidelines for the safety of ships using hydrogen as a fuel 
are still under discussion and expected to be approved in 2026. 

Adoption of low-emissions hydrogen-based fuels in shipping 
may accelerate following IMO Net-Zero Framework 
Regulatory pressure to limit emissions is an important driver for low-emissions 
fuel21 deployment; financial support schemes from governments and innovative 
contractual structures also play a role. 

In 2023, the IMO adopted a revised GHG strategy that includes the ambition that 
so-called “zero or near-zero GHG emission” energy sources make up 5% (striving 
for 10%) of the energy used by international shipping by 2030. In addition, 
indicative checkpoints have been defined for the total well-to-wake emissions of 
the sector, including a reduction of 20% (striving for 30%) by 2030 with respect to 
2008 levels, and a reduction of 70% (striving for 80%) by 2040. 

As part of strategy implementation, the IMO Net-Zero Framework was approved 
in April 2025. This sets out regulatory measures comprising a standard on fuel 
well-to-wake emission intensity and a GHG pricing mechanism. Two fuel emission 
intensity trajectories have been defined: a base target, and a direct compliance 
target. Emissions from the use of fuels with an emission intensity above the base 
target will be subject to “Tier 2” GHG pricing that is initially set at 
USD 380 /t CO2--equivalent (CO2-eq). For fuels with an emission intensity above 
the direct compliance target, the “Tier 1” pricing is initially set at 
USD 100/t CO2-eq. Energy sources with an emission intensity lower than the zero 
or near-zero threshold, initially set at 19 g CO2-eq/MJ, will be eligible for a reward 
(through a mechanism that is still to be defined) (Figure 2.17). Ships using fuels 
below the direct compliance line are not subject to any pricing and generate 
surplus units that can be used by other ships to offset their emissions. 

The money collected by the IMO through the GHG pricing mechanism is expected 
to be in the billions of dollars per year in the first years, and will go into the IMO’s 
Net Zero Fund. It will then be disbursed to reward ships using low-emissions 
technologies, support infrastructure and transition initiatives, and mitigate negative 
impacts on vulnerable countries such as Small Island Developing States and Least 
Developed Countries. Final adoption of the Net-Zero Framework is expected in 
October 2025, and it will come into force in Q1 2027. The fuel emission intensity 
trajectories are currently defined annually for the period 2028-2035, with a value 
already set for the base target in 2040. A planned revision before the end of 2031  
 

 
 

21 Includes bioenergy, low-emissions hydrogen and low-emissions hydrogen-based fuels. 

https://www.imo.org/en/MediaCentre/MeetingSummaries/Pages/ccc-10th-session.aspx
https://www.imo.org/en/OurWork/Environment/Pages/2023-IMO-Strategy-on-Reduction-of-GHG-Emissions-from-Ships.aspx
https://wwwcdn.imo.org/localresources/en/MediaCentre/HotTopics/Documents/Circular%20Letter%20No.5005%20-%20Draft%20Revised%20Marpol%20Annex%20Vi%20%28Secretariat%29.pdf
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will extend the yearly coverage until 2040. This gives a clear signal to the industry, 
removing a lot of the uncertainties that have hindered investment in alternative 
fuel production and use.  

Some of the details of the Net-Zero Framework are not yet defined, so its potential 
impact on the uptake of hydrogen-based fuels is still to be determined. While some 
research suggests it will favour the deployment of ammonia in the medium term, 
others estimate that it could favour first-generation biofuels or even LNG in the 
short term. A lot will hinge on the guidelines to be developed in the next few 
months,22 and in particular on the default emission factors included in the 
guidelines on life-cycle GHG intensity of marine fuels.  

Figure 2.17 International Maritime Organization Net-Zero Framework emission pricing 
and emission intensity of selected hydrogen-based marine fuels, 2024-
2035 

 
IEA. CC BY 4.0. 

Notes: WtW = well-to-wake; CCUS = carbon capture use and storage; RES = renewable energy source; ZNZ = zero or 
near-zero. The methanol routes consider the use of biogenic CO2. The calculation of the WtW emissions of the electrolytic 
routes consider a carbon intensity of the electricity used in line with the IEA’s Stated Policies Scenario (STEPS). Ammonia 
from electrolytic H2 from grid is about 5% lower than its methanol counterpart and is not represented on the graph.  

The IMO Net-Zero Framework reduces uncertainties for investors and can incentivise the 
use of hydrogen-based fuels. 

In the European Union, the FuelEU regulation came into force in January 2025. 
This includes a standard on the emission intensity of fuels, with a trajectory where 
the value permitted declines every 5 years, from -2% in 2025, through -14.5% in 
2035 and -80% in 2050, compared to 2020 levels. There is also an incentive to 
use RFNBOs through a reward factor with a value of 2 until 2033 (and 
1 afterwards): when calculating the average emission intensity of the fuels used 
by a ship, the emissions are divided by the quantity of fuel consumed, with the 

 
 

22 See IMO MEPC/ES.2/3 for the detailed work plan. 

0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

W
tW

 g
 C

O
₂-

eq
/M

J

Tier 2 pricing 
(380 USD/t CO₂-eq)
Tier 1 pricing 
(100 USD/t CO₂-eq)
No pricing

ZNZ reward

Methanol: electrolytic H₂
from grid - United States
Methanol: electrolytic H₂
from grid - Brazil
Ammonia: natural gas with
CCUS
Methanol: electrolytic H₂
from RES

Emissions submitted to:

Emissions intensity of:
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https://www.transportenvironment.org/uploads/files/Impact-of-the-IMOs-draft-Net-Zero-Framework-April-2025.pdf
https://transport.ec.europa.eu/transport-modes/maritime/decarbonising-maritime-transport-fueleu-maritime_en
https://docs.imo.org/Shared/Download.aspx?did=156742
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quantity of RFNBOs being multiplied by the reward factor. The RFNBO “sunrise 
clause” also states that, if in 2031 the share of RFNBOs in the yearly energy used 
on-board ships is less than 1%, a mandatory quota of 2% RFNBOs shall apply by 
2034. The EU RED regulation also stipulates that EU member states with maritime 
ports shall ensure that the share of RNFBOs in the total amount of energy supplied 
to the maritime sector is at least 1.2% by 2030. Currently, EU regulations and the 
proposed IMO Net-Zero Framework exist in parallel, with the potential for a double 
reporting system and double taxation. However, the FuelEU documentation notes 
that the regulation will be reviewed with a view to alignment with international rules 
once the details of the Net-Zero Framework become clearer. 

Several private sector initiatives also aim to take advantage of cargo-owners 
willingness to pay for low-emission transportation of goods. For example, the 
Katalist book-and-claim platform was started in late 2024 by the Mærsk Mc-Kinney 
Møller Center for Zero Carbon Shipping and RMI. Under this system, freight 
customers can purchase emission savings from vessels using low-emissions 
fuels, even if their cargo is not transported on those specific vessels. The Zero 
Emission Maritime Buyer Alliance, established in 2023, announced in February 
2025 that it is accepting bids for its second e-fuel-focused tender, with results 
expected by the end of 2025 and fuel delivery starting in 2027. The corresponding 
e-fuel demand is expected to be on the order of hundreds of kilotonnes over the 
3-5-year period of the tender. This process enables interested cargo-owners to 
pool their resources together.  

Aviation 

Use of synthetic hydrogen-based fuels can kick-start demand in 
aviation, but offtake remains small and concentrated in Europe 
Today, over 99% of the fuel used in aviation is fossil jet kerosene. Excluding 
demand for hydrogen in refining activities to produce fossil and bio-jet kerosene 
(see Demand in oil refining), aviation has negligible demand for hydrogen and 
hydrogen-based fuels today. However, this could soon change following policy 
action in some regions. Over the past 2 years, both the European Union and the 
United Kingdom have introduced sustainable aviation fuel (SAF) blending 
mandates, setting progressively higher minimum quotas for SAF and including 
specific lower limits for hydrogen-based aviation fuels (e-SAFs). In 2030, 1.2% of 
aviation fuel demand must be met with RFNBOs in the case of the ReFuelEU 
Aviation regulation,23 and 0.6% of demand with e-SAF in the UK regulation. These 
blending mandates are set to create demand for more than 600 ktpa of synthetic 
kerosene, which could entail a demand of up to 170 ktpa of low-emissions 

 
 

23 ReFuelEU sets 1.2% as the average share over the years 2030 and 2031 with a minimum share of 0.7% per year. 

https://eur-lex.europa.eu/eli/dir/2023/2413/oj/eng
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32023R1805
https://katalist.eco/
https://www.shipzemba.org/e-fuel-focused-tender-now-accepting-bids/
https://eur-lex.europa.eu/eli/reg/2023/2405/oj
https://www.legislation.gov.uk/uksi/2024/1187/article/3/made
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hydrogen,24 positioning Europe as the lead market for e-SAF adoption. E-SAF can 
be used as drop-in fuel, although the blending share has been limited to 50% to 
date. Certification of fuels, aircraft and engines for 100% SAF use is expected 
within this decade. 

Figure 2.18 Demand for and supply of synthetic kerosene by region towards 2030 

 
Notes: Airlines are distributed across regions according to the location of the company headquarters, although the fuel 
included in the offtake may also be used in other regions. Demand is taken from the IEA’s Stated Policies Scenario. In 
2030, ReFuelEU sets the minimum share of synthetic kerosene at 1.2%; the UK mandate at 0.6%. Only firm offtake 
agreements are included. Production from plants counted towards “committed production capacity” has yet to be certified to 
comply with the definition of renewable fuels of non-biological origin (RFNBO) under EU and UK law. 

Europe has positioned itself as a lead market for synthetic kerosene, though offtake 
agreements and production capacity have not yet caught up. 

Multiple airlines have already struck alliances with synthetic fuel producers, but 
firm offtakes cover less than a quarter of mandated demand in 2030. In May 2025, 
Infinium reached FID on a 23 ktpa synthetic fuel plant in Texas, following an 
offtake agreement with IAG for 7.5 ktpa of e-SAF in 2024. IAG signed a larger deal 
with Twelve, in early 2024, for 785 kt over 14 years. United Airlines also recently 
invested in Twelve, adding to the over USD 700 million raised by the company 
since September 2024. In late 2023, Air France-KLM invested USD 4.7 million in 
synthetic fuel producer DG Fuels, including options to buy 75 ktpa, and signed 
preliminary offtake agreements with SAF+, and Engie. Lufthansa group and its 
subsidiary SWISS have invested in Synhelion, which is operating a first small-
scale e-SAF plant in Germany and is developing a project for a 1 ktpa plant in 
Spain, with the objective of starting production in 2027.  

E-SAF production will need to ramp up soon to meet demand in 2030. A large 
number of projects are in the pipeline, with more than half of the announced 

 
 

24 Assuming that all synthetic kerosene is produced through the Fischer-Tropsch route. 
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https://www.iata.org/contentassets/d13875e9ed784f75bac90f000760e998/saf-handbook.pdf
https://www.easa.europa.eu/en/domains/environment/eaer/sustainable-aviation-fuels/what-are-sustainable-aviation-fuels#eu-saf-clearing-house
https://www.easa.europa.eu/en/domains/environment/eaer/sustainable-aviation-fuels/what-are-sustainable-aviation-fuels#eu-saf-clearing-house
https://www.argusmedia.com/en/news-and-insights/latest-market-news/2690011-infinium-takes-fid-on-100mw-texas-e-fuels-plant
https://www.prnewswire.com/news-releases/iag-announces-new-e-saf-deal-with-infinium-and-remains-on-track-to-deliver-2030-target-302315128.html
https://www.twelve.co/post/twelve-and-iag-sign-historic-long-term-multi-million-gallon-saf-offtake-agreement
https://www.hydrogeninsight.com/transport/us-e-fuel-start-up-twelve-secures-strategic-investment-from-united-airlines-adding-to-728m-raised-in-recent-months/2-1-1817852
https://www.airfranceklm.com/en/newsroom/air-france-klm-reaffirms-its-commitment-decarbonization-aviation-through-use-sustainable
https://safplusconsortium.com/blog/saf-consortium-signs-a-memorandum-of-understanding-with-air-france-klm-group-for-e-saf-supply/
https://www.engie.com/news/decarbonation-maritime-aerien
https://innovation-runway.lufthansagroup.com/en/focus-areas-projects/projects/synhelion-solar-fuels.html
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volume located in Europe, and over 40 projects for a combined capacity of 
2 800 ktpa – more than four times more than the minimum needed to meet the 
implemented mandates in 2030. However, few projects have reached FID to date, 
partly because policies have only been implemented very recently. In early 2025, 
industry initiative SkyPower called for more political support regarding financing, 
derisking and long-term certainty on fuel mandates to address the uncertainties 
facing e-SAF projects today. Such support is urgently needed for projects to reach 
FID. Given that constructing a production facility typically takes 3-4 years, it could 
become increasingly difficult to meet the mandates in Europe if no FIDs are taken 
within the next couple of years. Outside Europe, there is currently little political 
stimulus to boost e-SAF demand. The picture on the supply side is different, 
however, as US-based fuel producers have taken the first FID on an e-SAF plant 
and have secured the largest offtakes so far, while some of the world’s largest e-
SAF projects are being developed in China. Energy China started construction of 
the first phase (100 ktpa) of a 300 ktpa plant in north-east China in 2024, and 
another agreement was reportedly signed between Shanxi International Energy 
Group and a local government to construct a 350 ktpa e-SAF plant. 

Technology to use hydrogen on planes directly – in fuel cells or gas turbines – is 
under development (see Chapter 5 Investment and innovation). Key technical 
challenges involve redesigning aircraft to house larger tanks and establishing 
infrastructure for safely handling cryogenic fuels at airports. Hydrogen-powered 
flight a took step towards commercialisation in 2024 when Joby Aviation flew a 
small hydrogen-electric vertical take-off and landing aircraft over more than 
800 km. In the same year, American Airlines signed a conditional purchase 
agreement with ZeroAvia for 100 hydrogen-electric (fuel-cell) engines for regional 
planes. In contrast, in a setback to the prospects of commercial application on 
larger aircraft, Airbus announced a delay to the launch of a hydrogen-powered 
commercial airliner that was originally planned for 2035, citing doubts about 
sufficient low-emissions hydrogen supply and challenges with establishing 
infrastructure and regulation. To address some of these issues, the 
European Union and Airbus are funding the GOLIAT project to develop technology 
needed for the safe handling of hydrogen at airports. Meanwhile, over 220 airports 
are collaborating on the Hydrogen Hubs at Airports project, to advance on 
infrastructure, regulatory and operational challenges. 

Demand in buildings 
The contribution of hydrogen to meet energy demand in residential and 
commercial buildings remains negligible, with no significant developments in 
2024. Electrification, district heating and distributed renewables remain far ahead 
of technologies using hydrogen in fulfilling this need. 

https://www.transportenvironment.org/topics/planes/saf-observatory/spotlight-on-e-kerosene
https://project-skypower.org/sites/default/files/2025-02/Open%20Letter%20-%20five%20key%20policy%20interventions%20to%20unlock%20the%20scale-up%20of%20e-SAF%20in%20the%20EU_Feb%202025.pdf
https://www.hydrogeninsight.com/production/construction-begins-on-3bn-green-hydrogen-to-aviation-fuel-plant-in-northeast-china/2-1-1725281
https://tankterminals.com/news/chinese-group-to-build-1-5bn-green-aviation-fuel-plant-in-northern-china-based-on-wind-powered-hydrogen/
https://www.jobyaviation.com/news/joby-demonstrates-potential-regional-journeys-landmark-hydrogen-electric-flight/?utm_source=chatgpt.com
https://www.jobyaviation.com/news/joby-demonstrates-potential-regional-journeys-landmark-hydrogen-electric-flight/?utm_source=chatgpt.com
https://zeroavia.com/american-airlines-conditional-purchase-agreement/
https://www.greenairnews.com/?p=6742
https://cordis.europa.eu/project/id/101138379
https://www.airbus.com/en/innovation/energy-transition/hydrogen/hydrogen-hubs-at-airports
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Similarly, there was very little progress in 2024 in the deployment of technologies 
that are capable of running on hydrogen. Where fuel cells are installed – mostly in 
Europe, Japan, Korea and the United States – they predominantly run on natural 
gas, which is pre-reformed into hydrogen in the fuel cell before being used to 
produce heat and power. In Japan, the stock of deployed fuel cell micro-combined 
heat and power units reached 550 000  at the end of 2024. Although yearly 
installations declined by around 25%, the total installed capacity continued to grow 
in 2024, supported by the ongoing ENE-FARM technology programme 
(Figure 2.19). 

Figure 2.19 Yearly and cumulative shipments of fuel cell micro-combined heat and 
power units in Japan, 2011-2024 

 
IEA. CC BY 4.0. 

Source: IEA analysis based on data from the Advanced Cogeneration and Energy Utilization Center of Japan (ACEJ). 

Around 550 000 fuel cells have been installed in Japan since the ENE-FARM programme 
was launched in 2009 – an average of around 35 000 units per year. 

Advances in the use of pure hydrogen in buildings – mostly in boilers – are still 
limited to small-scale pilots and demonstration projects. However, a significant 
number of these projects face low social acceptance or have proved not financially 
viable. For example, in Stad aan ’t Haringvliet (the Netherlands) the existing 
natural gas network was supposed to be converted to distribute hydrogen for 
residential heating, but the project is now in jeopardy due to questions about its 
economic feasibility. As of early 2025, the project is evaluating the use of a hybrid 
system, combining heat pumps and hydrogen boilers, to reduce the demand for 
hydrogen and improve the economics. Similarly, in Lochem (the Netherlands), the 
trial to test hydrogen boilers in 12 homes will conclude in 2025, when all homes 
will be reconnected to the natural gas grid, as the pilot had proved financially 
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https://www.ace.or.jp/fc/fc_0010.html#LIFE
https://www.ace.or.jp/fc/fc_0010.html#LIFE
https://www.hydrogeninsight.com/policy/plans-for-worlds-first-hydrogen-heating-town-flounder-amid-funding-worries-despite-local-support/2-1-1724481
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unsustainable. The H2Direkt project, located in Hohenwart (Germany), was 
launched in 2023 to provide hydrogen for heating via existing natural gas 
infrastructure to ten households and one commercial building. For this pilot, 
hydrogen was delivered by trailer. However, in 2025, a follow-up project, 
H2Dahoam, was launched to produce hydrogen onsite using solar-powered 
electrolysis, with the goal of beginning operations in 2027. In Hoogeveen (the 
Netherlands), a hydrogen heating pilot received the green light after a 1-year 
delay, and renewable hydrogen was delivered to the first home in September 
2024. In Edmonton (Canada) the first Canadian hydrogen-powered house had 
been developed by the end of 2024.  

Demand in power generation  
Japan and Korea lead efforts on the use of hydrogen-based 
fuels in power generation, but progress remains slow 
Hydrogen and ammonia can become an important source of low-emissions 
electricity system flexibility and are among only a few options for large-scale and 
seasonal electricity storage, particularly in electricity systems with high shares of 
variable renewable electricity generation and limited other flexibility or long-term 
storage options. 

The global installed power capacity using hydrogen or ammonia reached 360 MW 
at the end of 2024, an increase of 50% compared to 2023, albeit representing less 
than 0.01% of the total global capacity of the power sector.25 Around 75% of the 
hydrogen- or ammonia-fired capacity is located in the Asia-Pacific region, 15% in 
North America and 10% in Europe. 

Based on announced projects,26 the power capacity using hydrogen and ammonia 
could reach 7 500 MW by 2030 (or 4 900 MW if projects at very early stages of 
development are excluded) (Figure 2.20). This represents an increase of 6% 
compared to the corresponding capacity identified in the GHR-24. The 
Asia-Pacific region accounts for almost half of announced capacity by 2030, 
followed by Europe with 38% and North America with 14%. Japan and Korea alone 
account for more than a third of the announced power capacity by 2030. Most 
projects in Korea focus on the use of hydrogen, while both hydrogen and ammonia 
projects are under development in Japan. 

 
 

25 In the case of co-firing hydrogen or ammonia, the capacity corresponds to the total installed capacity multiplied by the co-
firing share in energy terms. Plants using mixed gases containing hydrogen from steel production, refineries or petrochemical 
plants are not included. 
26 Announced projects include plants that are under construction, have reached FID, are under feasibility study or at an earlier 
development stage. 

https://www.hydrogeninsight.com/policy/plans-for-worlds-first-hydrogen-heating-town-flounder-amid-funding-worries-despite-local-support/2-1-1724481
https://www.esb.de/h2direkt
https://renewablesnow.com/news/energie-suedbayern-reveals-hydrogen-production-project-in-germany-1277086/
https://renewablesnow.com/news/energie-suedbayern-reveals-hydrogen-production-project-in-germany-1277086/
https://www.hydrogeninsight.com/policy/hydrogen-heating-pilot-in-the-netherlands-gets-green-light-after-a-years-delay/2-1-1637247
https://www.hydrogeninsight.com/policy/hydrogen-heating-pilot-in-the-netherlands-gets-green-light-after-a-years-delay/2-1-1637247
https://groenemorgenhoogeveen.nl/nieuws/eerste-groene-waterstof-geleverd-in-waterstofwijk-hoogeveen
https://groenemorgenhoogeveen.nl/nieuws/eerste-groene-waterstof-geleverd-in-waterstofwijk-hoogeveen
https://www.cbc.ca/news/canada/edmonton/a-hydrogen-heated-home-in-alberta-lays-ground-for-future-low-carbon-communities-1.7389591
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Several projects aiming to use 100% hydrogen have been announced over the 
past 12 months. In Korea, Korea Southeast Power and Samsung C&T presented 
plans for a 900-MW combustion power plant running on local renewable hydrogen. 
A 108-MW fuel cell power plant is already under construction in Korea, while in 
China a 40-MW fuel cell power plant is being built by the China Energy 
Engineering Corporation. In the United States, Duke Energy plans to start 
commercial operation of a 75-MW gas turbine in 2025, running on 100% 
renewable hydrogen. However, projects have also been delayed or cancelled. In 
South Australia, plans to build a 200-MW gas turbine power plant running on 
renewable hydrogen were deferred in early 2025. With the relatively large 
hydrogen or ammonia volumes needed for commercial power plants (e.g. 10 GW 
of gas turbine capacity running 100% on hydrogen with 2 000 full load hours and 
efficiency of 40% would require 1.5 Mtpa of hydrogen), the slow development of 
the hydrogen sector in terms of cost reductions and infrastructure, as well as 
regulatory or political uncertainties, are mentioned as reasons for projects being 
postponed or cancelled. 

Figure 2.20 Power generation capacity using hydrogen and ammonia by region, 
historical and from announced projects, 2019-2030 

 
IEA. CC BY 4.0. 

Notes: Values for 2025 are estimates, assuming plants with an announced start date in 2024 that are under construction or 
have reached FID actually start operation in 2025. 
Sources: IEA analysis based on announcements from industrial stakeholders; ERM for fuel cells. 

Based on existing plants and announced projects, hydrogen- and ammonia-fired power 
capacity could reach 7 500 MW by 2030. 

With regards to technology, fuel cells account for more than 55% of today’s 
installed power capacity using hydrogen and ammonia. The remainder is mainly 
based on open-cycle and combined-cycle gas turbines. By 2030, the share of fuel 
cells among the announced projects declines to 20%, while open-cycle and 
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https://fuelcellsworks.com/2024/11/27/green-hydrogen/south-korea-s-chungnam-province-and-samsung-to-host-1-7billion-green-energy-hub-featuring-hydrogen-power
https://direct.argusmedia.com/newsandanalysis/article/2633552
https://chinahydrogen.substack.com/p/40mw-chinas-largest-hydrogen-fuel?utm_campaign=email-post&r=3len97&utm_source=substack&utm_me%E2%80%A6=
https://s201.q4cdn.com/583395453/files/doc_financials/2024/q4/Q4-2024-Earnings-Presentation_vF-w-Reg-G.pdf
https://www.hydrogeninsight.com/industrial/australia-announces-new-a-1bn-green-iron-fund-as-250mw-green-hydrogen-project-for-steelworks-shelved/2-1-1782330
https://www.erm.com/
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combined-cycle gas turbines reach a share of 55%. Projects planning to co-fire 
ammonia in coal power plants reach a share of more than 15%, almost all located 
in the Asia-Pacific region. Though not reflected in the announced projects, 
development efforts are also underway to demonstrate direct 100% ammonia gas 
firing in larger gas turbines, after the direct use of 100% ammonia was 
demonstrated in a 2-MW gas turbine in 2022 in Japan. Manufacturers are also 
working on retrofittable ammonia combustion systems for existing gas turbines. 

With today’s gas turbines technologies being able to co-fire high shares of 
hydrogen, several utilities have announced plans to build gas power plants that 
are “H2-ready” or to retrofit existing plants for hydrogen co-firing. Current gas 
turbines can already use 100% hydrogen, using diffusion combustion, but steam 
or water injection is used as a measure to reduce nitrogen oxides (NOx) 
emissions. Manufacturers are confident in their ability to commercially provide, by 
2030, modern large-scale gas turbines (using dry low-NOx combustion systems) 
that can run entirely on hydrogen with very low NOx emissions, avoiding the 
efficiency penalty of diffusion combustion systems. In June 2025, a 50% hydrogen 
co-firing share was successfully demonstrated in an existing 283-MW gas turbine 
in the United States. In Japan, the utility Kepco has been running a unit at its 
2 919 MW Himeji Daini gas-fired power plant at a 30%-hydrogen co-firing share 
since April 2025. A combustion system using 100% hydrogen for existing and new 
gas turbines was demonstrated by a manufacturer in early 2025. Based on 
announcements by utilities, the share of H2-ready announced capacity 
corresponds to almost 20 GW. However, this number is likely to represent a lower 
range, given that it is based only on projects for which relevant information has 
been released. In addition, other new gas-fired power plants in planning are also 
likely to be able to co-fire a certain amount of hydrogen, although no information 
has been made available yet. Likewise, many existing gas-fired power plants are 
able to co-fire certain shares of hydrogen, varying from 5% to 100%, depending 
on the gas turbine design.27 Based on information on existing gas turbines in 
operation, and their maximum hydrogen blending shares as specified by gas 
turbine manufacturers, their hydrogen-fired capacity could amount to more than 
130 GW globally.28 As before, this represents a lower bound, given that detailed 
information was only available for 1 500 GW of the existing total gas-fired capacity 
of 2 000 GW in 2024, and retrofits can increase the capability of existing gas 
turbines to use hydrogen. 

 
 

27 Other factors, such as the capability of the gas supply pipes and valves to handle certain hydrogen blending shares are 
not considered here, but are, of course, critical to assessing specific plants. 
28 Derived by taking the maximum co-firing share multiplied by the total capacity for individual plants. The total capacity of 
these plants capable of hydrogen co-firing amounts to 950 GW. 

https://www.ihi.co.jp/en/all_news/2022/resources_energy_environment/1197938_3488.html
https://www.ssethermal.com/news-and-views/2024/12/sse-and-siemens-energy-announce-hydrogen-power-acceleration-partnership/
https://www.ssethermal.com/news-and-views/2024/12/sse-and-siemens-energy-announce-hydrogen-power-acceleration-partnership/
https://power.mhi.com/regions/amer/news/250616#:%7E:text=ATLANTA%20%E2%80%93%20June%2016%2C%202025%20%E2%80%93,%2DAtkinson%20in%20Smyrna%2C%20Georgia.
https://www.kepco.co.jp/corporate/pr/2025/pdf/20250606_1j.pdf
https://www.powerengineeringint.com/gas-turbines/ge-vernova-is-closer-to-commercializing-its-100-hydrogen-fueled-dry-low-nox-combustor/
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The high premium for using low-emissions hydrogen-based 
fuels in power generation requires strong policy support 
In the coming years, low-emissions hydrogen and ammonia are likely to remain 
expensive energy carriers for power generation. They can benefit from higher 
prices during peak hours in wholesale electricity markets, and from carbon pricing 
having been introduced in many countries in the power sector. Nevertheless, if 
countries want to demonstrate the use of hydrogen and ammonia in power 
generation, policy support will be needed to close the cost gap. Since the GHR-
24, several countries have introduced support measures or continued existing 
instruments for the use of low-emissions hydrogen or ammonia in the power 
sector, in particular through auctions or tenders. 

Korea presented its 11th Basic Electricity Supply and Demand Plan in February 
2025. According to the plan, electricity generation from low-emissions hydrogen 
and ammonia will almost triple between 2030 and 2038 from 15.5 TWh to 
43.9 TWh, which would correspond to a 6.2% share of electricity in 2038. In 
Korea’s first tender of up to 6 500 GWh of electricity annually generated from clean 
hydrogen and ammonia, only the state-owned utility Korea Southern Power 
(Kospo) was selected in 2024. Kospo plans to generate 750 GWh per annum by 
co-firing ammonia in its Samcheok Unit 1 coal power plant from 2028 onwards. In 
May 2025, a second tender was announced, targeting 3 000 GWh and requiring 
successful bidders to start operation within 3 years. As in the first tender, the 
emissions intensity of hydrogen has to be below 4 kg CO2-eq/kg H2, and the 
offtake contracts run for 15 years. While the first tender included only fixed 
exchange rates, the second round introduces an exchange rate indexation to 
reflect that the subsidy is in Korean won, but hydrogen or ammonia supply prices, 
particularly if imported, are often based on USD. The second tender also gives 
flexibility to shift production of up to 10% of the annual contact volume between 
subsequent years. Korea also opened in May 2025 a fourth tender for general 
hydrogen, which does not include any emissions thresholds. The auction awarded 
in August 2025 52 projects with a combined electricity generation volume of up to 
1 355 GWh. The winners of the previous third general hydrogen tender were 
announced in September 2024, with 16 projects with a combined generation of 
1 314 GWh being successful. The first two general hydrogen tenders took place 
in 2023 and awarded 24 projects with a combined generation of 1 430 GWh from 
general hydrogen. 

In Japan, the results of the second Long-Term Decarbonization Auction (LTDA) 
were released at the end of April 2025. Among the selected projects, only one was 
linked to the use of hydrogen or ammonia in power generation. Shikoku Electric 
Power plans to co-fire ammonia with a corresponding capacity of 94.6 MW at its 
Unit 1 of the Saijo coal power plant with a total capacity of 500 MW, resulting in a 
co-firing share of 20%. In the first LTDA in 2024, ammonia and hydrogen in power 

https://www.motie.go.kr/attach/viewer/c26df36c4f964b1523b31be51e734922/f3e75937c6fd925443ad69c810ba811d/9a9db098b587ee18b321c826f3707a49
https://direct.argusmedia.com/newsandanalysis/article/2631538
https://direct.argusmedia.com/newsandanalysis/article/2686770
https://www.motie.go.kr/kor/article/ATCL3f49a5a8c/170807/view?mno=&pageIndex=2&rowPageC=0&displayAuthor=&searchCategory=0&schClear=on&startDtD=&endDtD=&searchCondition=1&searchKeyword=
https://www.dnews.co.kr/uhtml/view.jsp?idxno=202410021247278900576
https://www.occto.or.jp/market-board/market/oshirase/2025/files/250428_longauction_youryouyakujokekka_kouhyou_besshi_ousatsu2024.pdf
https://direct.argusmedia.com/newsandanalysis/article/2563979
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generation played a larger role: Five coal power plants with ammonia co-firing and 
a coal-fired power plant with hydrogen co-firing were among the winners. The 
LTDA offers 20-year offtake contracts, providing demand certainty. Successful 
bidders have to refund 90% of revenues gained from other markets, such as 
wholesale electricity or capacity markets. Ongoing improvements are being 
considered in preparation towards the third LTDA for 2026, such as expanding 
support for the fuel costs of hydrogen and ammonia and raising the ceiling price. 

Indonesia released a National Hydrogen and Ammonia Roadmap in April 2025. 
For the power sector, this includes the targets to demonstrate 10% ammonia co-
firing in coal power plants by 2030 and a 30% share by 2035. By 2045, the goal is 
to have 2 GW of 100% ammonia-fired capacity installed and to reach a 60% 
hydrogen co-firing share in gas-fired electricity generation. For 2060, the roadmap 
aims to have 25.3 GW of 100% hydrogen-fired capacity and 8.4 GW of 100% 
ammonia-fired capacity. 

In its Sixth National Development Plan, Namibia sets the target to generate by 
2030 143 GWh of baseload electricity from hydrogen, an amount corresponding 
to around 4% of Namibia’s electricity supply in 2022, of which almost 70% was 
imported. HDF Energy is planning a renewable electricity project in Namibia, 
combining solar PV with batteries, an electrolyser, hydrogen storage and fuel cells 
to ensure a stable electricity output of 30 MW during the day and 6 MW during the 
night. 

https://www.meti.go.jp/shingikai/enecho/denryoku_gas/denryoku_gas/seido_kento/pdf/102_04_00.pdf
https://www.esdm.go.id/assets/media/content/content-peta-jalan-hidrogen-dan-amonia-nasional.pdf
https://www.npc.gov.na/her-excellency-dr-netumbo-nandi-ndaitwah-launch-the-national-development-plan-ndp6-21-july-2025/
https://etangonam.com/?p=373
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Chapter 3. Hydrogen production 

Highlights 

 Hydrogen production reached almost 100 Mt in 2024, but less than 1% was 
based on low-emissions hydrogen technologies. Based on announced projects, 
low-emissions hydrogen could reach 37 Mtpa by 2030, a reduction from the 
49 Mtpa estimated in the Global Hydrogen Review 2024 (GHR-24). 

 More projects are reaching final investment decision (FID), although the total 
production capacity reaching this stage in 2024 remained at the same level as 
in 2023. Persisting technical and regulatory barriers, financial obstacles and 
challenges in securing reliable offtake, in particular, continue to delay and 
occasionally completely stall project progress. 

 Despite announced delays and cancellations, low-emissions hydrogen 
production is expected to increase significantly by 2030. Based only on projects 
that are operational, have already reached FID or are under construction, low-
emissions hydrogen production can reach more than 4 Mtpa by 2030. 

 For the first time, this report systematically assesses the likelihood of announced 
projects going ahead by 2030. This analysis suggests that 10 Mt of low-
emissions hydrogen production is almost certain or has strong potential to be 
operational by 2030, if the right policy efforts to stimulate demand in traditional 
applications and emerging sectors are implemented. However, another 19 Mt is 
from projects that have low potential or are uncertain to be operational by 2030 
considering the short time remaining for those projects to materialise. 

 Low-emissions hydrogen production will remain more costly than unabated 
fossil-based production in the near term, with cost projections for electrolysers 
being less optimistic than in previous years due to the limited deployment 
achieved to date. However, this cost gap is still expected to narrow by 2030, 
with China reaching cost competitiveness thanks to low technology costs and a 
low cost of capital, and other regions reducing the cost gap significantly due to 
the combination of high cost of imported natural gas, good renewable resources 
and policy action in the form of CO2 prices (e.g. Europe, Latin America) . 

 China leads on electrolyser manufacturing, deployment and cost-
competitiveness. This has raised concerns about a repetition of the story of the 
solar PV or battery sectors, for which China now holds the large majority of the 
supply chain, having overtaken other regions that were first movers years ago. 
However, using Chinese-manufactured electrolysers outside of China is 
expected to lead to only very modest cost savings.  
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Overview and outlook 
Global hydrogen production neared 100 Mt in 2024, dominated 
by unabated fossil-based routes 
Global hydrogen supply rose by approximately 2% in 2024 compared with 2023, 
reaching almost 100 Mt H₂. Supply is poised to exceed the 100 Mt H₂ milestone 
in 2025 (Figure 3.1). Production remains largely co-located with demand, with 
minimal international trade today. As a result, regional output mirrors consumption 
patterns, with China accounting for almost 30% of global hydrogen, followed by 
North America and the Middle East, each contributing around 15%. 

Figure 3.1 Hydrogen production by technology and by region, 2020-2025e 

 
IEA. CC BY 4.0. 

Notes: CCUS = carbon capture, utilisation and storage; ROW = rest of world; 2025e= estimate for 2025, based on trends 
observed until July 2025. By-product hydrogen includes production in catalytic naphtha crackers and steam crackers which 
is subsequently used in refining. 

Hydrogen production remains dominated by unabated fossil fuels and is largely 
concentrated in a few key regions. 

Unabated fossil fuels dominate the hydrogen supply chain, with low-emissions 
hydrogen accounting for less than 1% of total supply. Deployment of low-
emissions hydrogen production technologies faces significant barriers, as the 
system is deeply locked-in due to sunk costs in existing production capacities and 
established infrastructure. Enabling a structural shift will therefore require 
ambitious policy action. Production from natural gas reforming supplies nearly 
two-thirds of total demand, benefitting from well-developed infrastructure and 
established cost advantages. Coal-based hydrogen accounts for the second-
largest share, concentrated primarily in China and, to a much smaller extent, India, 
where integrated coal and chemical complexes supply refineries and fertiliser 
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plants. By-product hydrogen recovered from gaseous streams in refineries and 
petrochemical facilities (e.g. naphtha crackers and steam crackers) adds a further 
portion, but this remains a secondary contributor compared with dedicated 
production. Reliance on unabated fossil fuel pathways generated roughly 
980 Mt CO₂ in 2024,29 (around 3% more than in 2023), more than the combined 
annual emissions of Indonesia and France. 

Low-emissions hydrogen remained under 1% of production in 
2024, but is expected to reach 1 Mt in 2025 
Low-emissions hydrogen production has grown steadily since 2020, albeit from a 
very low base. In 2024, output reached almost 0.8 Mt H₂, representing less than 
1% of total global supply, but a near 10% increase on 2023 output (Figure 3.2). 
Existing low-emissions volumes come predominantly from a small number of fossil 
fuel facilities in North America that integrate partial carbon capture, utilisation and 
storage (CCUS). However, no new CCUS fossil fuel projects commenced 
production in 2024; instead, most of the growth stems from electrolyser-based 
units that began operation in 2023 (and ramped up production last year) and 2024. 
A handful of small biomass-to-hydrogen and methane-pyrolysis ventures also 
contribute, but their combined output remains marginal. 

Electrolysis-derived hydrogen surged by 60% year-on-year in 2024 to reach more 
than 100 kt H2, with the bulk of new capacity coming online in China. Despite this 
progress, electrolysis still represents only around one-sixth of total low-emissions 
hydrogen production, highlighting that scaling up water-splitting technologies 
remains a challenge, but that there are opportunities. 

Based on projects under construction or that have reached FID, production is 
expected to jump by around 30% to reach 1 Mt in 2025. Approximately 40% of this 
growth stems from a large CCUS project led by CF Industries that started 
operations in July in the United States. The other 60% of expected growth is from 
electrolyser projects, which could more than double their 2024 output. China 
remains the primary driver of electrolysis growth, followed by Europe and the 
United States. 

 

 

 

 
 

29 Considering 0 kg CO2/kg H2 for hydrogen produced as a by-product in naphtha crackers and steam crackers. Considering 
a maximum of 10 kg CO2/kg H2, emissions would increase to more than 1 100 Mt CO2. This includes direct emissions from 
hydrogen production and more than 300 Mt of CO2 utilised in the synthesis of urea and methanol, the majority of which is 
later emitted. This excludes upstream and midstream emissions for fossil fuel supply. 

https://www.cfindustries.com/newsroom/2025/donaldsonvilleccs
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Figure 3.2 Low-emissions hydrogen production, 2020-2025e 

 
IEA. CC BY 4.0. 

Notes: CCUS = carbon capture, utilisation and storage; ROW = rest of world; 2025e = estimate for 2025, based on projects 
planned to start operations in 2025 that have at least reached FID. 
Source: IEA Hydrogen Production Projects Database (September 2025). 

Low-emissions hydrogen production remains concentrated in CCUS projects in North 
America, but electrolytic hydrogen production in China is growing fast. 

Low-emissions hydrogen production could reach 37 Mtpa by 
2030, but this volume has shrunk since last year 
Globally, announced projects for producing low-emissions hydrogen could 
increase production to 37 Mtpa by 2030 (Figure 3.3). This assessment includes 
only projects using low-emissions electricity in electrolysers and fossil fuel with 
CCUS, and excludes smaller initiatives like biomass-based routes (that could 
produce less than 1 Mtpa) or underground natural hydrogen, which remains at 
early stages, despite recent interest, and is not expected to contribute 
meaningfully by 2030 (see Chapter 5: Investment and innovation). 

For the first time since the IEA’s Global Hydrogen Review 2021, the 2030 potential 
has declined from the estimate of the previous year (49 Mtpa reported in the GHR-
24). This reflects three principal factors. First, delays have pushed back expected 
start dates for several projects to after 2030. Second, a number of projects have 
been placed on indefinite hold pending improved market conditions or revised 
business cases. Third, definitive project cancellations have removed capacity from 
the pipeline. On aggregate, a breakdown of projects in the pipeline shows a 
maturation pattern, in which early-stage projects without a clear business case 
cannot progress toward more advanced stages in the near term. On the other 
hand, projects with strong business cases and access to supportive policies to 
bridge the gap in cost-competitiveness with unabated fossil fuel-based production 
(see A closer look at the hydrogen production projects that have been cancelled 
reveals that specific barriers such as regulatory and permitting issues (44%), 
economic challenges (28%), technical difficulties (13%), and lack of prospective 
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https://www.iea.org/data-and-statistics/data-product/hydrogen-production-and-infrastructure-projects-database
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clients (9%) were frequently cited as reasons for cancellation. In addition, a 
notable 31% of cancellations correspond to projects that were cancelled at early 
stages of development that often referred to overambitious assumptions on cost 
reductions or premature expectations of market development as key reasons for 
cancellation (Figure 3.7). These figures highlight how the initial wave of 
announcements often lacked alignment with real market and policy conditions, 
reinforcing the notion that the sector is now consolidating around more mature 
projects with solid business cases. Projects of this kind combine technical 
maturity, commercial realism and alignment with government ambitions for 
decarbonisation and enhancement of energy security, but they will still need policy 
support to materialise. 

Cost comparison of different production routes) can reach more advanced stages. 
Projects at FID rose by more than 15% to 3.2 Mtpa this year (from 2.8 Mtpa in 
GHR-2430), those in feasibility studies fell by 7% to 19 Mtpa, while early-stage 
developments fell by 45%. Despite these signs of maturation, the share of 
announced production at FID edged up only modestly, from 6% to 9% of the 
pipeline. 

Figure 3.3 Low-emissions hydrogen production by technology, region and status 
based on announced projects, 2030 

 
IEA. CC BY 4.0. 

Notes: CCUS = carbon capture, utilisation and storage; FID = final investment decision; ROW = rest of world. FID 2030 
includes projects that have reached FID and those that are under construction. “Feasibility” includes projects undergoing a 
feasibility study; “Early stage” includes projects at early stages of development, such as those for which only a co-operation 
agreement among stakeholders has been announced. Only planned projects with a disclosed start year of operation are 
included. More details about announced projects for low-emissions hydrogen production can be found in the new Hydrogen 
Tracker available on the IEA website. 
Source: IEA Hydrogen Production Projects Database (September 2025). 

Low-emissions hydrogen production could reach 37 Mtpa by 2030, but only 4.2 Mtpa are 
operational, under construction or have reached FID. 

 
 

30 This value differs from the value published in the GHR-24 as it excludes a large Air Products CCUS project in Louisiana 
(United States) that announced an FID in 2023. However, the latest statement of the company from May 2025 notes that the 
investment for this project is not yet committed, until enough offtake can be secured. 
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https://www.iea.org/data-and-statistics/data-tools/hydrogen-tracker
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https://investors.airproducts.com/static-files/a9d41252-e3ce-4042-ab37-aa758adc57a4
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At the regional level, Europe continues to have the largest project pipeline, 
accounting for nearly one-quarter of potential production from announced projects 
by 2030, despite a 20% y-on-y decline, driven by slow market uptake and halts to 
projects found to lack a viable business case. North America and Latin America 
represent about 20% and 15% of the global pipeline, respectively. In both regions 
projects in the pipeline fell by around 10% and 15% respectively. In North America, 
this decline was largely in the United States amid policy uncertainty due to the 
review of support for low-emissions hydrogen under the Inflation Reduction Act 
(IRA). In Latin America, the drop reflected the postponement or cancellation of 
more than half of Chile’s projects, even as Brazil’s capacity soared 60%, boosted 
by the announcement of its new hubs programme. China’s announced capacity 
increased by 30%, driven entirely by electrolyser projects. 

With regards to technology, both electrolysis and CCUS segments contracted: 
electrolysis potential production fell 25% and CCUS projects declined 20%. 
European CCUS suffered the greatest reduction, although greater openness 
among governments to support CCUS technologies may rekindle interest in the 
most advanced projects in the region (see section on Fossil fuels with CCUS). 

Yearly final investment decisions remained above 1 Mtpa in 
2024 
The pace of FIDs offers a window into near-term delivery prospects. In 2023, FIDs 
reached a record 1.1 Mtpa, 31 driven by five large CCUS commitments and a five-
fold increase in electrolysis, with the NEOM Green Hydrogen Project alone 
accounting for nearly 40% of the volume of FIDs for electrolysis (Figure 3.4). 

In 2024 the capacity advancing to FID reached again more than 1 Mtpa, but 
technology trends differed. There was a significant slowdown in CCUS project 
approvals: only two smaller CCUS facilities reached FID. In early-stage markets, 
where a handful of very large projects dominate decisions, fluctuations in a few 
announcements can produce large swings in total capacity at FID. Electrolysis 
projects bucked this trend, continuing their upward trajectory with a 85% increase 
in FID capacity to almost 1 Mtpa. Not only more projects reached FID in 2024, but 
also the average electrolyser project size at FID nearly doubled. 32 

Regional patterns diverge by technology. Historical CCUS FIDs are concentrated 
in North America, making use of federal tax credits in the United States and 
Canada. In Europe, all CCUS FIDs took place in the Netherlands, where 
government schemes have underwritten projects. Historical electrolyser FIDs are 

 
 

31 This analysis excludes a large CCUS project of Air Products in Louisiana (United States) that had been included in previous 
GHRs on the basis that an FID was announced in 2023 (see previous footnote). 
32 This analysis excludes the largest project achieving FID in 2023 (NEOM Green Hydrogen Project 2.2 GW of electrolysis 
capacity) and in 2024 (AM Green project in Kakinada city, 1.3 GW), which completely skew the analysis. 

https://nghc.com/
https://www.iea.org/policies/4986-section-45q-credit-for-carbon-oxide-sequestration
https://www.canada.ca/en/revenue-agency/services/tax/businesses/topics/corporations/business-tax-credits/clean-economy-itc/carbon-capture-itc.html
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dominated by China, which accounts for 60% of electrolyser FIDs over the past 
3 years, driven largely by state-owned enterprises executing national renewable 
hydrogen plans. China’s strong lead in electrolysis deployment is undeniable, but 
there have also been some setbacks to projects that had previously reached FID 
and were eventually cancelled. This demonstrates that not all the production at 
FID stage will become operational. However, given the pace of growth in FIDs in 
China, it seems likely that new FIDs will more than compensate for the 
cancellations in the country. 

Figure 3.4 Low-emissions hydrogen production to reach final investment decision, 
2022-2025H1 

 
IEA. CC BY 4.0. 

Notes: CCUS = carbon capture, utilisation and storage; ROW = rest of world. 2025* based on data up to July 2025. 
Source: IEA Hydrogen Production Projects Database (September 2025). 

Investment decisions remained above 1 Mt in 2024, with a large increase in annual FIDs for 
electrolysis projects compensating a reduction in FIDs for CCUS projects. 

Only a small fraction of the total project pipeline can realistically 
start operating by 2030, highlighting policy gaps  
The potential low-emissions hydrogen production from announced projects that 
could be available by 2030 has declined compared to in GHR-24. With only 
5 years to 2030, and taking into account typical development cycles, which stretch 
from 3 to 6 years, realising the full pipeline of projects would appear very difficult. 
In addition, we estimate that half of the announced project pipeline faces deferred 
start dates compared to the commercial operation date announced by developers. 
Delays are particularly acute among electrolyser projects, many of which had 
announced what were very ambitious timelines for a technology that had not been 
deployed at large scale before; in comparison, large-scale CCUS projects have 
been operating for several years. More than half of potential electrolyser capacity 
is now set to slip past target operational dates, while 20% of CCUS capacity is 
similarly deferred (Figure 3.5). 
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https://www.hydrogeninsight.com/production/chinese-automaker-geely-scraps-100-million-tonne-green-hydrogen-to-methanol-project/2-1-1839995
https://www.iea.org/data-and-statistics/data-product/hydrogen-production-and-infrastructure-projects-database
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This delay in project delivery raises questions about the volume of low-emissions 
hydrogen production that can feasibly be in operation by 2030. To evaluate 
announced projects, we have developed a methodology based on the status, size, 
location and target end-use sector of the projects, in order to assess the likelihood 
for 2030 operation (Box 3.1). Projects that are under construction or at FID 
comprise more than 3 Mtpa of production that can be deemed almost certain 
(equalling more than 4 Mtpa when also considering operational projects). An 
additional 6 Mtpa has strong potential to be operative by 2030, but unlocking this 
volume will depend on closing the cost gap with unabated fossil fuel-based 
hydrogen through targeted subsidies, stimulating demand in existing industrial 
applications, and scaling up supporting infrastructure such as CO₂ transport and 
storage networks and hydrogen pipelines. A further 7 Mtpa has moderate potential 
but will require intensified policy efforts to secure offtake in emerging sectors (such 
as steelmaking, maritime shipping and aviation), and to provide concessional 
finance to projects under development in emerging markets and developing 
economies (EMDEs), where regulatory frameworks remain nascent and access to 
capital is particularly challenging. 

Figure 3.5 Likelihood of production being available by 2030 and share of potential 
production that is on time according to the schedules announced by 
project developers, by technology 

 
IEA. CC BY 4.0. 

Notes: CCUS = carbon capture, utilisation and storage. More details about announced projects for low-emissions hydrogen 
production can be found in the new Hydrogen Tracker available on the IEA website. 
Source: IEA Hydrogen Production Projects Database (September 2025). 

Only around 10 Mtpa of low-emissions hydrogen production are almost certain or have 
strong potential to be operational by 2030. 

However, more than half of the potential production in the pipeline has low 
potential or is uncertain to be operative by 2030. Almost half of these projects are 
very large electrolysis developments in EMDEs that may have access to low-cost 
renewable electricity but face high barriers to development due to a lack of 
regulatory readiness, of clear offtake frameworks and of reliable financing 
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channels. Even with rapid improvements to these conditions, the sheer scale of 
some announced projects makes it unlikely they will be commissioned before 
2030, meaning that realistic operational timelines stretch into 2035–2040. 

This likelihood assessment also helps to evaluate the likelihood of achieving 
government targets. Based only on already operating projects, China has already 
reached the lower end of its target of producing 100–200 ktpa of renewable 
hydrogen by 2025 (Figure 3.6). The European Union’s project pipeline could 
technically deliver around 6 Mtpa by 2030, which is lower than its Hydrogen 
Strategy target, and just under 2 Mtpa are operational, almost certain or have 
strong potential of being available by 2030. A similar situation can be observed in 
the United Kingdom, with a total pipeline that accounts for close to 60% of its 
target, but just around 25% having strong potential to be operative by 2030. Other 
countries with ambitious targets, such as India, Namibia and Oman, risk falling far 
short of their announced ambitions. In all these cases, projects that are 
operational, almost certain or have a very strong potential to be available by 2030 
account for less than 20% of their target. With the right incentives and policy 
settings, market development can be accelerated, but the short time to 2030 
makes the achievement of some stated ambitions very unlikely. This juncture calls 
for governments to recalibrate hydrogen production targets to align with sectoral 
maturity, at the same time as maintaining and strengthening regulatory 
frameworks, financial incentives and demand-creation measures, to ensure that 
anticipated low-emissions volumes materialise. 

Figure 3.6 Low-emissions hydrogen production from announced projects compared 
with government targets for 2025 and 2030 

 
IEA. CC BY 4.0. 

Notes: Low-em. = low-emissions hydrogen. The EU Hydrogen strategy target is based on modelling results for the Fit-for-
55 package. For the United Kingdom, the targets reflect low-emissions hydrogen, which includes both hydrogen produced 
from low-emissions electricity, from biomass, and from fossil fuels with CCUS..  
Sources: IEA Hydrogen Production Projects Database (September 2025); Hydrogen Industry Development Plan (2021-
2035); EU Hydrogen Strategy; India’s Green Hydrogen Mission; Oman Green Hydrogen Strategy; Namibia Green 
Hydrogen and Derivatives Strategy; UK Hydrogen Production Delivery Roadmap. 

The status of the project pipeline suggests that government targets for low-emissions 
hydrogen production by 2030 are unlikely to be met. 
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Box 3.1 Project methodology assessment 

We have developed a methodology to assess the likelihood of the hydrogen projects 
with an announced operational date between 2026 and 2030 becoming operational 
by 2030. This is based on the following key deliverability parameters: 

 Size factor: electrolysis projects were divided into four groups based on their size 
(≤200 MW, 200 MW-1 GW, 1-2.5 GW, >2.5 GW), with the likelihood of becoming 
operational decreasing as the size increases. The ranges for the groups were 
selected based on a common size for projects reaching FID today (200 MW), the 
size of the largest projects taking FID (1 GW), and the size of the single largest 
project that could be delivered by 2030 if FID were to be reached this year 
(2.5 GW), based on the size (2.2 GW) and the lead time (~4 years) of the largest 
project currently under construction. For CCUS, the size of projects was not 
factored into the likelihood assessment, given that announced CCUS projects 
span a much narrower range of scale than electrolysis projects. For projects with 
multiple phases, each phase is assessed individually as a single project. 

 End-use factor: all projects were classified into four groups based on their 
announced target end-uses. The projects classed as having a higher likelihood 
are those that already have an off-taker or that are targeting existing hydrogen 
applications, whereas the projects with a lower likelihood are merchant hydrogen 
projects without a clearly defined target end-user, or trade-related projects that do 
not target already globally traded commodities (e.g. ammonia for fertiliser 
production).  

 Regional factors: countries have been assessed according to a series of 
indicators and enabling factors that can influence the likelihood of a project being 
delivered. A total of 30 indicators were identified and grouped under 6 enabling 
factors: ease of doing business, industrial competitiveness, financing costs, 
energy infrastructure, access to low-emissions energy and status of hydrogen 
market. This expands on the list of indicators used in the IEA’s Energy 
Technologies Perspectives 2024 to assess the attractiveness of countries for 
investment in clean energy technology manufacturing by incorporating indicators 
that are specific to the hydrogen sector. A detailed description of the enabling 
factors, the indicators and their distribution across technologies is provided in the 
annex, along with a methodology used to distribute countries in four groups 
according to their likelihood to host low-emissions hydrogen production projects.  

 

Based on the status of the projects and the factors previously described, we have 
determined the likelihood of projects being realised by categorising them as almost 
certain, strong potential, moderate potential, low potential and uncertain. For 
example, projects with an FID have been categorised as almost certain, whereas 

https://www.iea.org/reports/energy-technology-perspectives-2024
https://www.iea.org/reports/energy-technology-perspectives-2024
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multi-GW projects at very early stages of development without identified potential 
offtakers in countries with weak enabling factors have been categorised as uncertain. 

This assessment should be interpreted as an indication, not a definitive judgement. 
The analysis reflects each project's current status based on a range of diverse factors. 
Project and market conditions evolve, however, and so scores may shift, highlighting 
the importance of ongoing monitoring and reassessment.  

Persistent barriers to final investment decisions in hydrogen 
production projects are causing delays and cancellations 
For investors and project developers, technical, regulatory and financial obstacles, 
as well as difficulties in securing reliable offtake agreements, continue to slow 
down or even completely stall project progress. 

The broader economic context – marked by high inflation and increased 
uncertainty – has led many companies to reduce, delay or suspend investment 
plans. ArcelorMittal, for example, has paused key direct reduced iron (DRI) 
projects in Europe despite having secured public subsidies, citing weak demand 
and regulatory barriers. Regulatory challenges often include unclear, complex or 
evolving definitions of low-emissions hydrogen, lack of harmonised certification 
schemes, and slow, complex permitting procedures. Several oil and gas majors 
have taken a step back in their plans to transition to clean energy technologies, 
which have, of course, impacted hydrogen. For example, BP has restructured its 
hydrogen strategy to focus on a smaller number of high-certainty projects, and 
Japan’s ENEOS Holdings has similarly scaled back its hydrogen ambitions, 
delaying its targets and prioritising investments in liquefied natural gas (LNG) and 
conventional oil assets. 

Given the current cost gap between unabated fossil-based hydrogen production 
and low-emissions production, supportive policies and funding remain essential to 
aid project development. However, developers frequently face long delays and 
uncertainty regarding eligibility, implementation timelines, and disbursement of 
funds. In some cases, the roll-out of announced support schemes has been 
paused or delayed, as seen with the temporary suspension of the IRA in the 
United States. In the United Kingdom, stakeholders have expressed concern over 
the lack of implementation timelines, despite the presence of well-designed policy 
frameworks. Developers have highlighted that the project delivery deadlines set 
by support mechanisms, such as those under the EU Hydrogen Bank, are difficult 
to meet, increasing the risk of losing support if commissioning is delayed. In 
Queensland, Australia, the CQ-H2 project was shortlisted in the first round of the  
 
 

https://www.reuters.com/sustainability/climate-energy/japans-oil-refiners-scale-back-decarbonisation-efforts-refocus-fossil-fuels-2025-05-15/
https://www.hydrogeninsight.com/production/rwes-hydrogen-plans-could-be-in-danger-as-company-is-targeted-by-same-activist-investor-that-urged-bps-green-energy-retreat/2-1-1796934
https://fuelcellsworks.com/2025/05/08/clean-energy/statkraft-pulls-back-from-green-hydrogen-seeks-investors-for-existing-projects-amid-market-turmoil
https://corporate.arcelormittal.com/media/press-releases/arcelormittal-provides-update-on-its-european-decarbonization-plans
https://corporate.arcelormittal.com/media/press-releases/arcelormittal-provides-update-on-its-european-decarbonization-plans
https://fuelcellsworks.com/2025/02/26/clean-energy/bp-revises-strategy-maintains-selective-investment-in-hydrogen-amid-broader-cuts-to-green-energy-spending#google_vignette
https://www.reuters.com/sustainability/climate-energy/japans-eneos-ramp-up-investment-lng-saf-while-slowing-hydrogen-2025-05-12/
https://www.europarl.europa.eu/doceo/document/E-10-2024-001914_EN.html
https://www.europarl.europa.eu/doceo/document/E-10-2024-001914_EN.html
https://www.morganlewis.com/pubs/2025/01/federal-agencies-ordered-to-pause-spending-of-inflation-reduction-act-infrastructure-investment-and-jobs-act-funds
https://www.argusmedia.com/en/news-and-insights/latest-market-news/2658722-frustration-over-delays-to-uk-ccs-and-h2-programmes
https://www.argusmedia.com/en/news-and-insights/latest-market-news/2654111-cq-h2-project-not-aligned-with-plans-queensland
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Hydrogen HeadStart programme, but the state government decided not to provide 
further funding. Stanwell, the lead developer, has discontinued its involvement in 
the project. 

Regulatory uncertainty in key markets further complicates the investment 
landscape. A recent example is the postponement of EWE’s 50 MW electrolysis 
project in Bremen (Germany) due to regulatory barriers at both national and EU 
level, despite having secured public funding to cover around two-thirds of the total 
investment cost. The definitions and eligibility criteria for support schemes 
continue to evolve, and political transitions can lead to abrupt shifts in support. For 
instance, some countries, such as Germany, have called for a relaxation of the 
EU Renewable Fuels of Non-Biological Origin (RFNBO) rules, citing concerns that 
overly strict requirements could limit project viability and delay investment. This 
regulatory uncertainty is further compounded by the fact that the full regulatory 
framework for low-emissions hydrogen production, including the delegated act 
setting the methodology for “low carbon” hydrogen,33 is still pending final approval 
from the European Parliament (expected in mid- 2025). Whether due to policy 
changes or administrative complexity, this type of instability continues to affect 
project developers' ability to plan and invest with confidence. 

While there is consensus that hydrogen can play an important role in global 
decarbonisation and enhancing energy security, market demand is not yet mature 
enough to provide long-term stability and a reliable basis for large-scale 
investments. Many projects struggle to secure creditworthy offtake agreements 
that meet the requirements of financiers and investors. Intentions to purchase low-
emissions hydrogen are frequently announced, but few result in firm, long-term 
contracts with bankable prices and volume. For instance, Saudi Aramco 
announced in March 2025 the reduction of its 2030 target to produce ammonia 
from fossil fuels with CCUS (from 11 Mtpa to 2.5 Mtpa) due to a lack of offtake 
agreements. Similarly, Orsted’s FlagshipONE project in Sweden was cancelled 
after FID due to a lack of long-term offtake contracts. Firm offtake agreements 
account for only 5% of the 37 Mtpa of the potential production of low-emissions 
hydrogen from announced projects (see Chapter 2 Hydrogen demand). This 
highlights the need to implement more ambitious policies to stimulate demand 
more effectively and facilitate offtake agreements. For example, in the 
European Union, despite the adoption of binding targets for use of RFNBOs in 
industry and transport under the Renewable Energy Directive (RED), future 
demand for renewable hydrogen remains uncertain due to the delay in 
transposition into national legislation in most EU member states, leading to slow 
market uptake. Ensuring timely and co-ordinated implementation of such 
frameworks will be important to support investment and build confidence. 

 
 

33 See Explanatory notes annex regarding the use of the term “low-carbon” hydrogen in this report. 

https://www.stanwell.com/info-hub/article/statement-regarding-the-cqh2-project
https://www.hydrogeninsight.com/production/excessive-regulations-german-utility-ewe-shelves-50mw-green-hydrogen-project/2-1-1837328
https://www.hydrogeninsight.com/production/excessive-regulations-german-utility-ewe-shelves-50mw-green-hydrogen-project/2-1-1837328
https://www.eenews.net/articles/cleveland-cliffs-says-hydrogen-plans-are-uncertain-under-trump/
https://www.argusmedia.com/en/news-and-insights/latest-market-news/2609986-germany-urges-eu-to-relax-green-h2-rules
https://ec.europa.eu/commission/presscorner/detail/en/ip_25_1743
https://www.hydrogeninsight.com/production/we-need-hydrogen-offtakers-who-are-credit-worthy-and-they-are-few-and-far-between-uniper/2-1-1719582
https://www.woodmac.com/news/opinion/hydrogen-offtake-contracts-securing-project-outcomes/
https://www.energyintel.com/00000195-6ce2-d68d-a9b5-7def15e20000
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In parallel, as projects scale from pilots to commercial operation, the need for 
mature and reliable production technologies becomes increasingly important. 
Developers are no longer focused solely on efficiency or innovation – they require 
industrial partners capable of guaranteeing long-term performance, delivery 
timelines and maintenance. However, several electrolyser manufacturers are 
currently facing insolvency or scaling back operations (see Electrolyser 
manufacturing for more details), which undermines confidence in the supply chain. 
This creates risks both during project delivery and subsequent operation. The 
engineering design of a plant is technology-specific, meaning that the loss of a 
selected electrolyser manufacturer could require a complete re-engineering of the 
project, impacting cost and lead time. Developers also fear not being able to get 
technical support over the economic lifetime of the plant. Government-backed 
counter-guarantees for advance payment or performance guarantees can help 
mitigate these risks (see Chapter 5 Investment and innovation). 

In response to these challenges, companies are adopting a more selective 
approach. The enthusiasm observed during 2020-2022 has given way to strategic 
consolidation. Firms are prioritising projects with clear internal synergies or direct 
links to their own decarbonisation goals, as seen at Johnson Matthey. 

Figure 3.7 Share of cancelled hydrogen projects by reason for cancellation  

 
IEA. CC BY 4.0 

Notes: A total of 32 projects with available information on the reasons for their cancellation are included. Each project may 
cite more than one barrier as contributing to its cancellation. Categories reflect self-reported reasons from project 
developers or official announcements. “Early-stage projects” refer to projects that were cancelled at early stages of 
development, some without stating publicly a reason for the cancellation and others also citing one of the other reasons 
shown in the chart. 
Sources: IEA analysis based on the IEA Hydrogen Production Projects Database (September 2025), announcements by 
project developers and personal communications. 

Most projects cancelled were at very early stages of development, but even more advanced 
projects are struggling with regulations and gaps or delays in support schemes. 
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A closer look at the hydrogen production projects that have been cancelled reveals 
that specific barriers such as regulatory and permitting issues (44%), economic 
challenges (28%), technical difficulties (13%), and lack of prospective clients (9%) 
were frequently cited as reasons for cancellation. In addition, a notable 31% of 
cancellations correspond to projects that were cancelled at early stages of 
development that often referred to overambitious assumptions on cost reductions 
or premature expectations of market development as key reasons for cancellation 
(Figure 3.7). These figures highlight how the initial wave of announcements often 
lacked alignment with real market and policy conditions, reinforcing the notion that 
the sector is now consolidating around more mature projects with solid business 
cases. Projects of this kind combine technical maturity, commercial realism and 
alignment with government ambitions for decarbonisation and enhancement of 
energy security, but they will still need policy support to materialise. 

Cost comparison of different production 
routes 

Low-emissions hydrogen production to remain more costly than 
unabated fossil-based routes in most regions in the mid-term 
Hydrogen production continues to be dominated by unabated fossil fuel routes, 
which still have a cost advantage over low-emissions hydrogen production routes. 
This situation was briefly challenged in 2022, when the price of fossil fuels 
(particularly natural gas) steeply increased in several regions of the world as a 
consequence of the geopolitical and energy turmoil following Russia’s full-scale 
invasion of Ukraine. During this time, the levelised cost of hydrogen (LCOH) 
production from unabated natural gas ranged from just above USD 1/kg H2 (nearly 
USD 2/kg H2 in the case of natural gas with CCUS) in some natural gas-producing 
regions, to values close to USD 9/kg H2 in natural gas-importing regions 
(Figure 3.8). In this situation, the cost of production of hydrogen from renewable 
electricity (which then ranged from slightly less than USD 4/kg H2 in locations with 
strong renewable resources to more than USD 10/kg H2 in locations with less 
potential) became competitive in some regions, but replacing unabated fossil fuel 
production was not readily achievable.  

However, this situation did not last: natural gas prices have declined sharply in the 
past 2 years, although in regions such as Europe and Asia, they remained at 
around twice their historical average in 2024. As a consequence, in 2024, the cost 
range for the production of hydrogen from unabated fossil natural gas decreased 
to USD 0.8-4.6/kg H2. In contrast with this, the cost of equipment for the production 
of renewable hydrogen has increased in recent years due to inflation and the 
slower-than-expected deployment of the technology. This means that the lower  
 

https://iea.blob.core.windows.net/assets/23968aa1-73c7-4f29-86e8-38d9818fadfc/GasMarketReport%2CQ1-2025.pdf
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boundary cost for hydrogen from renewable electricity in 2024, achieved in China, 
was broadly aligned with the upper range limit for unabated natural gas, achieved 
in regions like Korea and the European Union. China can count on an important 
advantage with lower electricity prices (coming from lower capital expenditures 
[CAPEX] and cost of capital for renewables) and lower CAPEX for electrolysers, 
despite issues with efficiency and underperformance of Chinese electrolysers (see 
Electrolysis). This production route would therefore not have been cost-
competitive anywhere in the world, even if production capacities had been 
available.  

Figure 3.8 Hydrogen production cost by pathway, 2024, and in the Stated Policies 
Scenario, 2030 

 
Notes: CCUS = carbon capture, utilisation and storage; w/ = with; w/o = without. Cost ranges reflect regional differences in 
fossil fuel prices, renewable costs, CO2 prices, technology CAPEX and OPEX as well as cost of capital. Natural gas price is 
USD 5.7-50/MBtu for 2022, USD 1.7-25/MBtu for 2024 and USD 1.6-21/MBtu in the Stated Policies Scenario (STEPS) in 
2030. Coal price is USD 21-260/t for 2024 and USD 22-200/t for the STEPS in 2030. CO2 price is USD 0-90/t CO2 for 2022, 
USD 0-70/t CO2 for 2024 and USD 0-106/t CO2 for the STEPS in 2030. The levelised production cost of solar PV electricity 
is USD 20-110/MWh for 2024 and USD 13-85/MWh for the STEPS in 2030, with a capacity factor of 12-35%. The levelised 
production cost of onshore wind electricity is USD 25-100/MWh for 2024, USD 23-90/MWh for the STEPS in 2030, with a 
capacity factor of 30-53%. The offshore wind electricity levelised production cost is USD 52-270/MWh for 2024, 
USD 40-165/MWh for the STEPS in 2030, with a capacity factor of 30-67%. For China, electrolyser CAPEX is USD 900/kW 
in 2024 and USD 675/kW for the STEPS in 2030, whereas for the rest of the world, it is USD 2 300/kW in 2024 and 
USD 1 600/kW for the STEPS in 2030. Electrolyser CAPEX includes the electrolyser system, balance of plant, engineering, 
procurement and construction (EPC) and contingencies; electrolyser capacity factor is assumed to be the same as the 
renewable power plant. The cost of capital is 6-20%. Figure capped at USD 12/kg H2, although some production routes 
reach higher values. Water cost is not included. More details on the cost of producing low-emissions hydrogen using 
different technologies and in different regions can be found in the new Hydrogen Tracker available on the IEA website. 
Sources: IEA analysis based on data collected through a survey to original equipment manufacturers, EPC companies and 
project developers, data from McKinsey & Company and the Hydrogen Council; BloombergNEF, Argus Media Group, All 
rights reserved, NETL (2022); IEA GHG (2017). 

The recent drop in fossil fuel prices has increased the cost gap between low-emissions 
hydrogen production and unabated fossil-based routes. 

As such, it is clear that the use of supportive policies to close the cost gap with 
unabated fossil-based production will remain necessary if countries want to kick-
start large production of renewable hydrogen, and thus drive cost reductions from 
economies of scale and learning-by-doing. This is particularly important for  
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countries that are highly dependent on fossil fuel imports, since renewable 
hydrogen can both support achievement of decarbonisation goals and hedge 
against price volatility, thereby improving energy security. 

Under today’s policy settings, this situation may change slightly by 2030. In the 
IEA’s Stated Policies Scenario (STEPS), the production of hydrogen from natural 
gas without CCUS remains in the range of USD 0.7-3.7/kg H2 in 2030. There is a 
larger drop at the higher end of the cost range, since natural gas demand is often 
already lower in regions where natural gas prices are higher, due to efforts to 
reduce dependency on fossil fuels. This limits the potential for a robust demand 
response to the larger LNG supplies becoming available by 2030, thus pushing 
natural gas prices down. However, this drop is partially compensated by an 
increase in carbon prices. In the case of renewable hydrogen, the large-scale 
deployment of electrolysers leads to technology cost reductions, combined with 
the continued decrease in the cost of variable renewables, lead to a reduction of 
the cost of producing renewable hydrogen. This brings the lower end of the cost 
range close to under USD 2/kg in the case of China. Other regions with ample 
renewable potential and a low cost of capital, such as Australia, Chile, Brazil, the 
Middle East or the United States, can reach values in the range of USD 3-4/kg H2.  

Beyond the production costs, the key driver of offtake is the price of hydrogen, 
which differs from production costs since it includes other additional costs and 
factors (Box 3.2). 

 

Box 3.2 The differences between hydrogen production cost, price index 
and market price 

In the context of low-emissions hydrogen development, it is essential to distinguish 
between the concepts of production cost, price index and market price, which all 
refer to very different economic realities. 

Hydrogen production cost 

The production cost refers to the total expenditure incurred to produce one unit of 
hydrogen, typically expressed in monetary values per kg of hydrogen (e.g. 
USD/kg H₂ or EUR/kg H₂). In the case of hydrogen produced in electrolysers 
running on low-emissions electricity, this cost mainly depends on the price of 
electricity, the CAPEX, the cost of capital and the efficiency of the electrolyser and 
its utilisation rate. In the case of hydrogen produced from fossil fuels with CCUS, 
the production cost is largely dominated by the costs of the fuel input and the CO2 
prices. This is a theoretical value that does not account for commercial margins 
and does not reflect actual market behaviour. 
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Price indexes 

Price indexes are indicative references of hydrogen’s theoretical market value, 
based on various assumptions. While they may not reflect actual transactions, they 
provide useful signals for regulators, investors and market participants. 
Assumptions such as electricity prices, technological configurations, or financial 
parameters can influence their robustness and limit comparability across indexes. 
Notable initiatives include: 

 The HYDRIX index, the first renewable hydrogen price index published in 
Europe, developed by the European Energy Exchange with the H2Global 
Foundation. HYDRIX does not reflect actual transaction prices but is based on 
indicative prices voluntarily submitted by market participants. Contributors 
report a single average buy and/or sell price, expressed in EUR/MWh. Only 
data aligned with the index’s specification (hydrogen produced via electrolysis 
from renewable electricity) are accepted. The index is calculated as an 
arithmetic average of all qualifying submissions, provided that at least five 
contributors each submit four valid data points. If this condition is not met, the 
index is based on the average of the previous three weeks, or may go 
unpublished. 

 The IBHYX index, developed by MIBGAS, reflects the production cost of 
renewable hydrogen in the Iberian Peninsula. It is the outcome of a technical 
working group composed of key stakeholders across the hydrogen value chain 
in Spain and Portugal. The group defined a model plant, representative of a 
renewable hydrogen production project aligned with EU regulations. IBHYX 
represents the minimum price at which a producer would be willing to sell 
hydrogen to recover costs and earn a return. Its methodology is based on a 
project finance model that goes beyond the traditional LCOH approach, 
incorporating separate return expectations for equity and debt and key 
investment variables. The price is derived through an iterative process that 
ensures financial balance over the project’s life. The index is published weekly. 

 The GreenHydrogen index, developed by the Central European Gas Hub, 
estimates the LCOH of renewable hydrogen in Austria. It is based on a model 
electrolysis plant connected to a renewable energy source, using standardised 
technical and financial parameters. The calculation incorporates the average 
hourly price of renewable electricity from the European Power Exchange 
(EPEX) Spot market, along with investment costs, operating expenditure 
(OPEX), and system efficiency. The index is expressed in EUR/MWh and 
published every Tuesday. 

 The HYCLICX index, developed by HyXchange, estimates the variable 
production cost of renewable hydrogen from electrolysis in the Netherlands. 
The index links the hydrogen price to the hourly electricity spot market and 
incorporates costs related to electricity consumption, renewable electricity 

https://www.eex-transparency.com/hydrogen
https://greenenergy.mibgas.es/
https://www.cegh.at/en/greengas/cegh-greenhydrogen-index-specification/
https://hyxchange.nl/hyclicx/
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guarantees, and operational expenses. It is published monthly in EUR/MWh, 
based on the Higher Heating Value (HHV) of hydrogen.  

 

In addition to these initiatives, some consulting companies and data providers have 
developed hydrogen price indexes in other regions of the world. An example is 
S&P Global, which offers daily price assessments for various production pathways 
in North America (United States and Canada) and Asia (Japan) through Platts. The 
assessments include hydrogen produced through steam methane reforming 
(SMR) with and without carbon capture and storage, alkaline electrolysis and 
proton exchange membrane (PEM) electrolysis. 

Market price 

The market price refers to the actual value at which a good is exchanged in a 
commercial transaction between two parties. In mature markets, this price results 
from the balance of supply and demand, reflecting a liquid market with multiple 
buyers and sellers. In the case of low-emissions hydrogen, such a market has not 
yet been developed, so it is not possible, strictly speaking, to refer to a market 
price. The limited transactions that do occur are typically linked to pilot projects, 
confidential bilateral agreements, or publicly supported schemes, and are 
insufficient to establish a representative price reference. 

Moreover, hydrogen market prices are strongly shaped by regulatory frameworks, 
which define eligibility and influence demand. For instance, in some jurisdictions, 
only hydrogen meeting specific sustainability criteria qualifies for public support or 
market incentives. In the European Union, for example, only renewable hydrogen 
classified as a RFNBO qualifies for certain support schemes, and EU legislation 
distinguishes between renewable and “low-carbon” hydrogen.* These definitions 
could lead to differentiated demand and segmented price signals based on 
compliance with specific classifications. 

A clear understanding of these concepts is essential to avoid misinterpretation and 
to assess hydrogen market development rigorously in the coming years. 
* See explanatory notes annex regarding the use of the term “low-carbon” hydrogen in this report. 

The cost gap varies significantly across regions, and some are 
ready to close the gap by 2030 
The global ranges of hydrogen production cost give an indication of how 
technology cost can evolve over time, but do not enable a deep assessment of 
the competitiveness of different technology routes, which is strongly dependent on 
regional conditions.  

The cost of production of low-emissions hydrogen from renewable electricity 
depends primarily on the cost of the renewable electricity, which is ultimately 

https://www.spglobal.com/commodityinsights/PlattsContent/_assets/_files/en/our-methodology/methodology-specifications/hydrogen-factsheet.pdf
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related to the renewable energy resources of each region. However, other factors 
such as the cost of installing electrolysers (including CAPEX of the electrolyser, 
BoP and engineering, procurement and construction [EPC]) or the cost of capital 
for the development of the project, which can also vary across different regions 
(see Electrolysis section for more details), can strongly impact the cost of 
producing renewable hydrogen. In the STEPS, certain regions in China (that 
combine very low costs for electrolysis technology and installation, a low cost of 
capital and strong renewable resources), the Middle East (with a very low cost of 
capital and large renewable potential) and Australia and some areas of the 
United States (both benefitting from a low cost of capital and large renewable 
potential) can reduce the cost of producing renewable hydrogen down to 
USD 2-4/kg H2 (Figure 3.9). 

The cost of producing hydrogen from fossil fuels (either unabated or with CCUS) 
also varies regionally. Gas-producing regions like the United States or the Middle 
East have a competitive advantage due to their lower natural gas prices. On the 
other hand, regions like China and Europe, which depend on imports to meet 
natural gas demand, face higher natural gas prices. In the case of China, the 
combination of large coal reserves with low prices has historically led the country 
to move away from using natural gas for hydrogen production and to use coal 
instead (60% of domestic hydrogen production). In the case of Europe, the existing 
production capacity was developed when regional gas reserves were available, or 
demand could be met with low-cost imported natural gas. However, the 
combination of decarbonisation goals and growing concerns about the energy 
security risks of dependence on imported natural gas are now steering the region 
to replace existing production with renewable-based domestic production. 

These cost variations will determine when low-emissions hydrogen production 
routes will become competitive in each region, as well as the cost gap that would 
need to be covered by policy action in the interim period until these technologies 
can be deployed at scale without the need for policy intervention. In the case of 
renewable hydrogen, the cost gap with the incumbent technology is large in all 
regions, although there are significant differences. For example, in China, 
producing hydrogen with unabated coal is more than USD 1.5/kg H2 cheaper than 
using the best conditions for renewable electricity, whereas the cost gap with the 
use of unabated natural gas is more than USD 4/kg H2 in the case of the 
United States, and USD 6/kg H2 in the Middle East (Figure 3.10). 
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Figure 3.9 Hydrogen production cost from electrolysis using hybrid solar PV and 
onshore wind, and from offshore wind, in the Stated Policies Scenario, 
2030 

 
IEA. CC BY 4.0. 

Notes: Assuming optimal oversizing of the renewable plant in each location to minimise the levelised cost of hydrogen 
production. Solar PV CAPEX is USD 400-1 250/kW, Onshore Wind CAPEX is USD 950-2 300/kW, Offshore Wind CAPEX 
is USD 1 720-4 850/kW. The cost of capital is assumed to be between 6-20% across different locations in this map. Water 
cost is not included. More details on the cost of producing low-emissions hydrogen using different technologies and in 
different regions can be found in the new Hydrogen Tracker available on the IEA website. 
Source: Analysis by Jülich Systems Analysis at Forschungszentrum Jülich using the ETHOS model suite. 

Regions with large renewable resources and low costs for electrolysers and renewable 
energy technologies, plus a low cost of capital, could achieve competitive production of 
renewable hydrogen by 2030. 

In the coming years, the continued decline in the cost of renewable energy 
technologies, and the potential drop in electrolysis costs resulting from larger 
deployment, improved technology integration and manufacturing and technology 
innovation, is expected to narrow the cost gap. Some regions are well placed to 
close the gap entirely. By 2030, in the STEPS, the cost of producing hydrogen 
using optimal conditions for renewable electricity generation in China is within the 
range of producing hydrogen from unabated fossil fuels. In other regions, although 
renewable hydrogen does not reach competitiveness with unabated fossil-based 
generation, the cost gap narrows significantly. For example, in some areas of Latin 
America the cost gap in 2030 could be reduced to just above USD 0.5/kg H2, same 
as in some areas of Europe (assuming that CO2 prices reach more than 
USD 100/t CO2). However, although the cost gap is reduced across all the regions 
considered, in some cases it remains high, at more than USD 2/kg H2 in the  
 

https://www.iea.org/data-and-statistics/data-tools/hydrogen-tracker
https://www.fz-juelich.de/de/ice/ice-2/leistungen/model-services
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United States and around USD 3/kg H2 in the Middle East. Closing the cost gap in 
these cases will require the implementation of CO2 prices close to USD 200/t CO2 
and USD 270/t CO2 respectively. 

Figure 3.10 Hydrogen production cost by pathway and region in the Stated Policies 
Scenario, 2024-2030 

 
INotes: NG = natural gas; CCUS = carbon capture, utilisation and storage. Natural gas price is USD 2.5-25/MBtu for 2024 
and USD 1.8-18/MBtu for 2030. Coal price is USD 80-100/t for 2024 and USD 65-80/t for 2030. CO2 price is 
USD 0-70/t CO2 for 2024 and USD 0-106/t CO2 for 2030. Solar PV CAPEX is USD 600-1 000/kW for 2024 and 
USD 400-700/kW for 2030, Onshore Wind CAPEX is USD 1050-1 950/kW for 2024 USD 950-1 750/kW for 2030, Offshore 
Wind CAPEX is USD 2 400-4 900/kW for 2024 and USD 1 720-3 3800/kW for 2030. For China, electrolyser CAPEX is 
USD 900/kW in 2024 and USD 675/kW in 2030, whereas for the rest of the world, it is USD 2 300/kW in 2024 and 
USD 1 600/kW in 2030. Electrolyser CAPEX includes the electrolyser system, balance of plant, engineering, procurement 
and construction (EPC) and contingencies. The cost of capital is 6-18%. The grey shades represent the range of 
production costs for routes using unabated fossil fuels in each of the regions assessed. The ranges of the fossil-based 
routes for China include both natural gas reforming and coal gasification. Figure capped at USD 12/kg H2, although some 
production routes reach higher values. Water cost is not included. More details on the cost of producing low-emissions 
hydrogen using different technologies and in different regions can be found in the new Hydrogen Tracker available on the 
IEA website. 
Sources: IEA analysis based on data collected through a survey to original equipment manufacturers, EPC companies and 
project developers, data from McKinsey & Company and the Hydrogen Council; BloombergNEF, Argus Media Group, All 
rights reserved, NETL (2022); IEA GHG (2017) 

In regions that currently depend on imports and face high natural gas prices, renewable 
hydrogen production could become competitive by 2030 with the right policy incentives. 

Electrolysis 

Electrolyser deployment 

Capacity additions slowed in 2024, but will grow again in 2025 
The total installed capacity of water electrolysis reached almost 2 GW at the end 
of 2024 (Figure 3.11), despite a slight slowdown in annual capacity additions 
(around 600 MW) compared to 2023 (700 MW). Once again, the largest 
deployment took place in China (50%), which accounted for more than half of the 
global installed capacity of water electrolysis at the end of 2024. Europe saw the 
second-largest deployment, accounting for 25% of capacity additions and more 

0

 2

 4

 6

 8

 10

 12

2024 2030 2024 2030 2024 2030 2024 2030 2024 2030
China Europe Latin America Middle East United States

U
SD

/k
g 

H
₂

NG w CCUS Fossil w CCUS Electrolysis Range of unabated fossil-based production

https://www.iea.org/data-and-statistics/data-tools/hydrogen-tracker
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than 20% of global installed capacity at the end of the year. In the European Union, 
installed capacity reached around 340 MW, significantly less than the interim 
target of 6 GW by 2024 adopted in the EU Hydrogen Strategy. Alkaline remains 
the leading technology, with 60% of the additions and the global installed capacity.  

Figure 3.11 Installed electrolyser capacity by technology and region, 2020-2025e, and 
capacity reaching final investment decision by region, 2022-2025 

 
IEA. CC BY 4.0. 

Notes: ALK = alkaline electrolysers; PEM = proton exchange membrane electrolysers; FID = final investment decision. In 
this figure, FID includes projects under construction; ROW = rest of the world. “Other/unknown” technology includes solid 
oxide electrolysis, anion exchange membrane electrolysis, other novel designs, projects considering combining different 
technologies and projects for which the technology used is not known. The unit is GW of electrical input. Left hand figure: 
2025e = estimate for 2025 capacity, based on projects planned to start operations in 2025 and that have at least reached 
FID. Right hand figure: 2025* based on data up to July 2025. 
Source: IEA Hydrogen Production Projects Database (September 2025). 

Global installed water electrolysis capacity reached 2 GW in 2024 and deployment is 
expected to accelerate in the near term, mainly due to developments in China. 

The slowdown observed in 2024 will be reversed in 2025. More than to 1 GW had 
already been added by the end of July 2025, including what is now the world’s 
largest electrolysis plant (500 MW), commissioned by Envision in Chifeng (China) 
in July. Up to nearly 3 GW of capacity could be installed based on projects that 
have at least taken FID and have a target commercial operational date in this year. 
This growth is concentrated in China, with more than 30 projects aiming to start 
operation this year, accounting for close to 2 GW.  

Based on the projects that have at least reached FID, faster deployment can be 
expected in the coming years. At the time of writing, 26 GW of electrolysis capacity 
had taken FID or was under construction with the target of being in operation by 
2030. This is 12 times larger than all historical deployments at the end of 2024. 
There has been a significant acceleration in FIDs in the last 2 years, from less 
than 2 GW reaching FID in 2022, to 14 GW in 2024. China has been the main 
driver, thanks to a push from state-owned enterprises implementing government 

0

1

2

3

4

5

6

2020 2021 2022 2023 2024 2025e 2024 2025e

By technology Region

G
W

Historical installed capacity

Technoogy
Other/unknown
PEM
ALK
Region
ROW
India
Middle East
United States
China
Europe

0

 2

 4

 6

 8

 10

 12

 14

 16

2022 2023 2024 2025*

Region

G
W

Capacity taking FID
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https://www.iea.org/data-and-statistics/data-product/hydrogen-production-and-infrastructure-projects-database
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plans to reduce dependence on imported gas and stimulate manufacturing of 
electrolysers, building on the expertise of its industrial sector in mass-
manufacturing clean energy technologies. Europe, with close to 3 GW, is the 
second-largest market, followed by the Middle East (2.5 GW) and India (more than 
1 GW). In the case of the Middle East and India, the large capacity that has 
reached FID is concentrated in two projects – the largest to have reached financial 
closure in the world (NEOM in Saudi Arabia, 2.2 GW, and AM Green in India, 
1.3 GW). In the case of Europe, capacity is distributed across around 50 projects 
of small to medium size, with the largest development being the Stegra DRI project 
in Sweden (740 MW). 

However, the growing trend in projects reaching FID every year seems to have 
slowed down in 2025, with 4 GW having reached that stage by the end of July, 
creating uncertainty about pace of deployment of the technology in the medium 
and long term. The biggest decrease was seen in China, although the number of 
projects reaching FID is expected to increase again in the coming years thanks to 
a new programme launched in June 2025 by the National Energy Administration. 
This will support the development of large-scale (>100 MW) projects for the 
production of hydrogen from renewable electricity. In Europe, there has been a 
significant deceleration compared with 2024 (only 12 projects reached FID 
between the start of the year and the end of July 2025, 9 of which are smaller than 
25 MW), which may be a result of regulatory uncertainty in the region, particularly 
due to the transposition of RED targets into national legislation (see Chapter 6 
Policies). In the United States, only the Roadrunner project for the production of 
synthetic fuels (which has secured a 10-year offtake agreement with AIG), has 
taken FID this year. Project developers paused their plans awaiting a decision on 
the future availability of the 45V tax credits, which were finally approved in July 
2025. The tax credit, critical for project bankability, will remain available for 
projects that start construction before January 1, 2028, which is expected to lead 
to more FIDs in the near term. 

Electrolysis capacity will grow significantly to 2030, but only a 
small fraction of all announcements are expected to be realised 
The pipeline of announced electrolyser projects has decreased over the course of 
the past year due to projects being delayed, put on hold or cancelled (see Low-
emissions hydrogen production could reach 37 Mtpa by 2030, but this volume has 
shrunk since last year). Based on announced projects, around 440 GW of capacity 
targets operation by 2030 or before, compared with the assessment from GHR-24 
(520 GW) (Figure 3.12). Europe still accounts from the largest share of announced 
projects (more than 25%), followed by Latin America (close to 20%) and Australia 
(15%).  

https://nghc.com/
https://www.amgreen.com/wp-content/uploads/2024/08/AM-Green-Ammonia-Reaches-Final-Investment-Decision-FID-on-its-first-million-ton-green-27th-Aug-2024.pdf
https://stegra.com/the-boden-plant?gad_source=1&gad_campaignid=21696238715&gbraid=0AAAAApIbCutY0mr4vXT7Fs3jBacp3ast4&gclid=Cj0KCQjwgIXCBhDBARIsAELC9ZiUXZVapdzCJCrkO94BqxoLjp9jMbsjpyMTqYXSiNVCA3Rtk2IB4-UaAhDkEALw_wcB
https://www.nea.gov.cn/20250610/472b12c43f534aab9a95de81034dcd92/20250610472b12c43f534aab9a95de81034dcd92_2288580504e06346d39eb8d268c8e70947.pdf
https://www.infiniumco.com/roadrunner
https://www.infiniumco.com/news/iag-announces-new-e-saf-deal-with-infinium
https://www.congress.gov/bill/119th-congress/house-bill/1/text
https://www.congress.gov/bill/119th-congress/house-bill/1/text
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However, just 6% of the announced capacity has taken FID and nearly half is still 
at very early stages of development. In addition, two-thirds of the announced 
capacity is concentrated in projects of more than 1 GW of capacity. With only 
5 years available for the development of these projects until 2030, the 
achievement of 440 GW (more than 200 times larger than historical deployments 
and almost 100 times larger than the maximum capacity that could be operative 
this year) seems out of reach. Our likelihood assessment indicates that 65 GW of 
capacity is almost certain or has strong potential to be operative by 2030 (or more 
than 70 GW if already operational capacity is also taken into account), but more 
than 300 GW (more than two-thirds of the announcements) has low potential or is 
uncertain to be operative by 2030. 

Figure 3.12 Installed electrolyser capacity based on announced projects, 2030 

 
IEA. CC BY 4.0. 

Notes: FID/Construction = final investment decision and under construction; ROW = rest of the world. The unit is GW of 
electrical input. Only projects with a disclosed start year are included. 
Source: IEA Hydrogen Production Projects Database (September 2025). 

Announced projects account for 440 GW of electrolysis by 2030, but more than two-thirds 
of that capacity has low potential or is uncertain to be operational by 2030. 

There are significant regional differences in the likelihood of projects being 
operational by 2030. China alone accounts for one-third of the capacity that is 
almost certain or has strong potential to be available by 2030, and 85% of the 
announced capacity in the country falls under these two categories (Figure 3.13). 
Canada, Europe and the United States account for another 50% of the capacity 
that is almost certain or has strong potential to be available by 2030, with 18-26% 
of the capacity announced in these regions falling under these categories. On the 
other hand, Latin America and Africa are home to more than one-third of the 
capacity that has low potential or is uncertain to be operational by 2030, and 
around 95% of the capacity announced in these regions falls under these two 
categories. This points to a maturing pipeline in China and advanced economies, 
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where the majority of the advanced projects with robust business cases are 
located, and the most developed policy frameworks are in place. In EMDEs, a 
large share of projects are export-oriented, relying on offtake at scale from other 
regions and the development of a global hydrogen market, which is lagging. These 
projects are expected to go through the same process of maturation that has been 
seen in advanced economies, in which the least robust and more speculative 
projects have been (or are being) abandoned, with industry focusing instead on 
mature projects with clear business cases. 

Figure 3.13 Likelihood that announced electrolysis projects will be operational by 
2030 by region 

 
IEA. CC BY 4.0. 

Source: IEA Hydrogen Production Projects Database (September 2025). 

Large electrolysis capacities have been announced in EMDEs, but the current market and 
policy environment mean that it appears difficult for them to be operational by 2030. 

Electrolyser manufacturing 

Electrolyser manufacturing capacity continued to grow in 2024, 
but growth is slowing everywhere except China 
Electrolyser manufacturing capacity grew further in 2024 to reach close to 
38 GW/yr, based on the nominal facility size from company announcements 
(Figure 3.14). This is a 40% increase compared with the manufacturing capacity 
available at the end of 2023, with China responsible for the majority of this growth. 
However, we estimate that the output of these facilities reached only around 4 GW 
in 2024, meaning that there is a large excess capacity today and only around 10% 
of the existing capacity has been active. Based on company plans, manufacturing 
capacity could reach close to 60 GW/yr in 2025. However, this expansion is highly 
uncertain given recent announcements of delays and cancellations (Table 3.1) 
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resulting from existing excess capacity and slow market development for 
electrolysers globally (with the exception of China). Moreover, more than 3 GW/yr 
of manufacturing capacity is today idle due to a pause in operations at several 
manufacturing sites. In addition, some manufacturers have filed for bankruptcy 
(see next section), although some of the assets from these companies have 
already been acquired by other original equipment manufacturers (OEMs) and 
could start operating again soon.  

Figure 3.14 Electrolyser manufacturing capacity by region, 2022-2025e, and 
announced capacity additions by region, technology and status, 2030 

 
IEA. CC BY 4.0. 

Notes: ALK = alkaline electrolyser; PEM = proton exchange membrane; SOEC = solid oxide electrolyser; ROW = Rest of 
World; 2025e = estimate for 2025 based on projects already under construction that target commencing operations in 2025. 
“Committed” refers to capacity that is operational, under construction or with FID. 
Source: IEA analysis based on announcements by manufacturers and personal communications. 

Manufacturing capacity is expected to increase again in 2025, mainly driven by 
developments in China as manufacturers elsewhere are struggling with low demand. 

Looking forward, based on announced expansions by OEMs, electrolysis 
manufacturing capacity could reach almost 190 GW by 2030. However, only China 
has significantly increased this potential capacity for 2030 compared with the 
estimate presented in GHR-24. The capacity that is committed (i.e. starting 
construction or having reached FID) has grown by around 20% since the release 
of GHR-24, but nearly one-third of the announced capacity has no target year for 
starting operations, meaning that its availability by 2030 is highly uncertain. 

In terms of technology breakdown, alkaline electrolysers are expected to remain 
the leader, accounting for almost 60% of the potential capacity by 2030 and three-
quarters of the growth in potential capacity by 2030 compared with last year’s 
estimate. Alkaline is the technology with the largest manufacturing capacity at 
present, and it is also the preferred technology for Chinese manufacturers (more 
than 90% of existing manufacturing capacity in the country is for alkaline 
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electrolysers). Although some OEMs in China are aiming to expand to other 
electrolyser designs, alkaline is still expected to dominate the technology mix in 
2030, with nearly 90% of potential capacity in China.  

Electrolyser manufacturers are facing headwinds from slow 
market development 
With the exception of China, the ramp-up of electrolysis deployment has fallen far 
short of electrolyser manufacturers’ expectations. Electrolyser sales contracts are 
being significantly delayed or cancelled as project developers struggle to secure 
financing and reach FIDs. 

As a consequence, several electrolyser manufacturers outside of China are 
experiencing sharp reductions in revenue and increased losses, and for some this 
has spelled the end of operations or acquisition by other OEMs (Table 3.1). 
However, such difficulties are not widespread and some large players are 
weathering the storm well, particularly alkaline electrolyser manufacturers with 
large market shares in the traditional chlor-alkali business, which is helping to 
compensate negative results from the hydrogen production business. In addition, 
some manufacturers are still raising capital to support strategic development or 
are developing and testing new business models. 

To preserve cash and adjust to lower demand, manufacturers have paused factory 
operations, re-assessed their manufacturing businesses and announced 
significant job cuts. These measures are being seen across the sector, as 
companies try to survive a period of low order intake, with the long-term outlook 
for renewable hydrogen still positive, driven by decarbonisation and energy 
security goals. Nevertheless, it seems inevitable that the sector will go through a 
wave of consolidation, with partnerships, mergers or exits likely to occur. In this 
context, the most competitive and well-capitalised firms are better placed to 
survive the current downturn. 

Table 3.1 Selected examples of the effects of slow market development for 
electrolyser manufacturers  

Manufacturer Country Impact 

McPhy France EUR 74.1 million loss in 2024, share price down almost 80%. Moving into 
judicial liquidation in Q2 2025. Some assets acquired by John Cockerill. 

Nel Norway 1 GW/yr factory in Herøya idled due to weak demand, 20% staff cut, 48% 
revenue drop Q2 2025 and order backlog down 40% y-o-y. 

Elogen France Factory project cancelled after failing to secure orders, which could lead to 
110 layoffs. 

https://www.hydrogeninsight.com/electrolysers/hygreen-to-incorporate-bosch-green-hydrogen-electrolyser-technology-into-its-pem-systems/2-1-1843055
https://www.hydrogeninsight.com/electrolysers/hygreen-to-incorporate-bosch-green-hydrogen-electrolyser-technology-into-its-pem-systems/2-1-1843055
https://investors.thyssenkrupp-nucera.com/news/thyssenkrupp-nucera-continues-stable-business-development-in-the-third-quarter-and-specifies-outlook-for-20242025/b5395863-8574-4165-919a-04affc97ff2d
https://johncockerill.com/en/press-and-news/news/john-cockerill-hydrogen-116million-capital-increase/
https://itm-power.com/news/launch-of-hydropulse-solving-the-industrial-green-hydrogen-challenge
https://www.hydrogeninsight.com/electrolysers/hydrogen-electrolyser-maker-mcphy-heading-for-liquidation-after-failing-to-find-a-buyer/2-1-1820057
https://johncockerill.com/en/press-and-news/news/john-cockerill-acquires-key-assets-from-mcphy-to-accelerate-the-development-of-its-new-generation-of-pressurized-alkaline-electrolysers/
https://www.h2-view.com/story/nel-pauses-alkaline-electrolyser-production-in-heroya-announces-layoffs/2119593.article/
https://nelhydrogen.com/press-release/nel-asa-first-quarter-2025-financial-results/#:%7E:text=Revenue%20from%20contracts%20with%20customers,(Q1%202024%3A%20276).&text=EBITDA%20in%20the%20quarter%20was%20NOK%20%2D115%20million%20(Q1%202024,(Q1%202024%3A%2039).
https://nelhydrogen.com/press-release/nel-asa-first-quarter-2025-financial-results/#:%7E:text=Revenue%20from%20contracts%20with%20customers,(Q1%202024%3A%20276).&text=EBITDA%20in%20the%20quarter%20was%20NOK%20%2D115%20million%20(Q1%202024,(Q1%202024%3A%2039).
https://www.h2-view.com/story/elogen-ceo-resigns-as-company-halts-electrolyser-gigafactory-construction/2121336.article/
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Manufacturer Country Impact 

Quest One Germany 120 jobs cut at Augsburg headquarters and Hamburg factory due to slow 
market ramp-up. 

HydrogenPro Norway Loss of NOK 200 million (Norwegian kroner) (~USD 19 million) in 2024 due to 
cancellations of large projects from prospective clients. 

Green 
Hydrogen 
Systems 

Denmark Filed for bankruptcy in June 2025. Intellectual property and test site acquired 
by thyssenkrupp nucera. 

Fortescue Australia Paused manufacturing on its 2 GW factory in Gladstone to redirect resources 
to other technology developments to support green iron plans. 

Slower-than-expected electrolyser deployment is limiting 
equipment reduction cost potential by 2030 
The cost of installing an electrolyser represents a significant part of the levelised 
cost of hydrogen (LCOH). With the momentum seen in the past few years, it had 
been expected that this cost could be reduced quickly in the short term, thanks to 
factors including innovation, learning-by-doing, economies of scale and improved 
manufacturing techniques. However, slower-than-expected deployment (outside 
of China) has prevented the achievement of significant economies of scale that 
can meaningfully reduce cost. In addition, the high inflation of 2022-2023 has led 
to an opposing trend, with the cost of electrolysers increasing everywhere in the 
world except in China in the last few years, in line with a general trend in chemical 
plant equipment.  

Based on a survey carried out by the IEA among companies across the supply 
chain for electrolyser projects, in 2024, the capital cost of installing an electrolyser 
made outside of China ranged between USD 2 000/kW and USD 2 600/kW 
(Figure 3.15).34 In the case of an electrolyser made in China and installed in China, 
these costs are significantly lower, reaching USD 600/kW-1 200/kW.35 However, 
more than half of the total cost of an installed electrolyser corresponds to EPC and 
contingency costs, which entirely depend on the project location. Higher EPC 
costs, along with the need to adapt the technology to local standards,36 mean that 
the capital cost of installing an electrolyser made in China elsewhere in the world 
ranges between USD 1 500/kW and USD 2 450/kW, significantly reducing the 
cost savings (see next section). 

 
 

34 The reported range of capital cost of electrolysers considers only alkaline technology and includes the equipment, gas 
treatment, plant balancing, EPC cost, and contingencies. 
35 Costs are dropping falling fast and some electrolyser tenders in China have reached values below USD 200/kW, but it is 
unclear whether they include all the cost components considered in the USD 600-1 200/kW range. 
36 Electrolyser price survey 2024: rising costs, glitchy tech, BloombergNEF, 1 March 2024. 

https://www.hydrogeninsight.com/electrolysers/german-electrolyser-maker-to-cut-120-staff-due-to-slower-than-expected-growth-of-green-hydrogen-sector/2-1-1778932
https://www.hydrogeninsight.com/electrolysers/hydrogenpro-reports-18m-loss-for-2024-amid-falling-revenues-and-green-hydrogen-market-slowdown/2-1-1784926
https://storage.googleapis.com/inderes-widgets-prod-assets/greenhydrogen/attachments/e0ced45a-f5c8-4a6e-a4d4-417f5c1d6d86/ghs-to-file-for-bankruptcy.pdf
https://www.thyssenkrupp-nucera.com/thyssenkrupp-nucera-signs-an-agreement-to-acquire-key-technology-assets-from-green-hydrogen-systems/
https://www.thyssenkrupp-nucera.com/thyssenkrupp-nucera-signs-an-agreement-to-acquire-key-technology-assets-from-green-hydrogen-systems/
https://direct.argusmedia.com/newsandanalysis/article/2688285?keywords=Fortescue
https://www.chemietechnik.de/anlagenbau/ct-baupreisindex-fuer-chemieanlagen-pcd-q1-2025-92-14-295.htm
https://www.chemietechnik.de/anlagenbau/ct-baupreisindex-fuer-chemieanlagen-pcd-q1-2025-92-14-295.htm
https://www.hydrogeninsight.com/electrolysers/exclusive-cost-of-chinese-alkaline-electrolysers-falls-by-33-in-two-years-with-pem-prices-dropping-even-faster/2-1-1828628
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Figure 3.15 Costs of electrolysers manufactured outside of China in 2024 and 
potential cost reduction based on a level of deployment compatible with 
announced projects and the Stated Policies Scenario, 2030 

 
Notes: STEPS = Stated Policies Scenario; FID = final investment decision. “Projects (FID)” refers to the capacity deployed 
according to announced projects that have at least reached FID, which is 29 GW by 2030. “Projects (excl. early stage)” 
refers to the capacity deployed according to all announced projects excluding those that are at early stages of 
development, which is 240 GW by 2030. “Projects (all)” refers to the capacity deployed according to all announced 
projects, which is 440 GW by 2030. In the case of the STEPS, this capacity is 40 GW by 2030. The learning rate for the 
electrolyser stack is assumed at 13%, while for the other components of the balance of plant it is 2-5%. For the 
engineering, procurement and construction (EPC) costs, a learning rate of 8% has been assumed. 
Sources: IEA analysis based on data collected through a survey to original equipment manufacturers, EPC companies and 
project developers, data from McKinsey & Company and the Hydrogen Council; BloombergNEF, Argus Media Group, All 
rights reserved, the IEA Hydrogen Production Projects Database (September 2025) and IEA (2024), Advancing Clean 
Technology Manufacturing. 

The cost of installing electrolysers could fall by 50% by 2030, but the current slower-than-
expected deployment is likely to significantly limit these cost reductions. 

Breaking down the CAPEX of installing an electrolyser helps to assess where the 
cost reduction potential is and how big it could be. Around 15-20% of the CAPEX 
corresponds to stack components, which are the components that present most 
potential for cost reduction through innovation. In contrast, 25-30% corresponds 
to balance of plant components (such as power electronics, piping, compressors 
and gas treatment), which are already commercially available equipment with 
limited potential to reduce costs. As noted above, more than half of the capital cost 
corresponds to EPC and contingency, for which cost reduction potential is 
uncertain. EPC companies and project developers are gaining experience with 
electrolyser projects, but they are still seen as first-of-a-kind, with significant 
development risks associated. As more experience is gained and more technology 
providers can guarantee the performance of their products, these costs will fall. In 
addition, several OEMs and project developers are working on novel technical 
alternatives with the objective of reducing the total CAPEX by more than 50% in 
projects that have already reached FID (Box 3.3).  
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In the STEPS, the capital cost of installing an electrolyser manufactured outside 
of China declines by around 30% by 2030, in line with the cost reduction that could 
be achieved with the level of deployment expected from projects that have already 
taken FID. This can slightly close the cost gap with projects developed in China 
using Chinese-made electrolysers, which will remain significantly cheaper in the 
short term. If the full project pipeline is realised, the capital cost could fall by 50% 
by 2030, although achieving this level of deployment in just 5 years in the current 
market and policy environment is unlikely. 

 

Box 3.3 Modular and standardised designs to reduce the cost of 
electrolysis projects 

As outlined above, more than 80% of an electrolysis project’s CAPEX is attributed 
to the balance of plant (BoP) and EPC, where opportunities for cost reduction 
through innovation and learning-by-doing are limited. In response, OEMs and EPC 
companies are exploring ways to lower the costs of these components. Scaling-up 
and standardisation are key strategies, enabling reduced equipment redundancy, 
bulk purchasing and automated production, thereby lowering per-unit overheads. 

To this end, several OEMs, including thyssenkrupp nucera and ITM Power, are 
commercialising skid-mounted or containerised solutions. These modular designs 
optimise plant footprint and facilitate efficient integration of core electrolysis 
components with BoP through “plug-and-play” solutions. Standardised modules 
can also be pre-fabricated and pre-tested, reducing delivery risks and project lead 
times. 

In addition, OEMs are partnering with EPC companies to develop integrated, 
standardised plant designs that can be replicated across multiple projects, 
reducing engineering costs by avoiding ad-hoc designs for each project. In March 
2025, Nel Hydrogen and Samsung E&A signed a collaboration agreement – 
including a 9.1% equity investment by Samsung – to develop integrated hydrogen 
production solutions. In November 2023, Technip Energies and John Cockerill 
established Rely, a joint venture which is now commercialising the Clear100+, a 
standardised 100 MW low-emissions hydrogen facility using John Cockerill’s 
pressurised alkaline electrolysers. In May 2025, InterContinental Energy 
presented its P2H2Node system, a standardised project architecture aiming to 
reduce engineering time and streamline project development, targeting modest 
cost reductions of around 10%. 

Electric Hydrogen (EH2) has also developed the HYPRPlant modular plant 
(configurable from 75 MW to 120 MW), based on proprietary PEM electrolyser 
technology. EH2 combines the modularisation strategy, using skid mounting 
equipment along with an approach to shift more engineering and construction 

https://www.thyssenkrupp-nucera.com/wp-content/uploads/2022/11/thyssenkrupp-nucera-green-hydrogen-solutions-brochure.pdf
https://itm-power.com/products/poseidon
https://www.samsungena.com/en/newsroom/news/view?idx=15685
https://www.relysolutions.com/sites/rely/files/2025-05/clear100-new-generation-high-resolution.pdf
https://www.h2-view.com/story/intercontinental-energy-says-new-hydrogen-plant-architecture-can-cut-costs-by-10/2126050.article/?utm_source=dlvr.it&utm_medium=twitter&utm_campaign=rss
https://eh2.com/hyprplant/
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activities to manufacturing sites, rather than on-site construction, reducing both 
costs and delivery risks. EH2 is deploying this design for the first time in the 
Infinium Roadrunner project, which reached FID in May 2025, targeting a total 
project CAPEX of less than USD 1 000/kW. If this value is achieved, it could make 
the cost of electrolysers manufactured and installed outside of China comparable 
to costs for alkaline electrolysers manufactured and installed in China. 

While these solutions mark significant progress in reducing technology costs, they 
also present challenges. For brownfield projects, existing site layouts may 
constrain equipment placement or access to essential services, or require 
additional engineering, potentially reducing the cost savings associated with 
standardisation. Furthermore, the fixed size of standard modules may limit their 
suitability for projects that require intermediate capacities, especially during the 
early ramp-up phase of the renewable hydrogen market. 

The use of Chinese electrolysers outside China can reduce 
hydrogen production costs, but the impact is rather limited 
Electrolysers manufactured in China are starting to attract interest from project 
developers outside the country. This interest has grown in the last couple of years, 
mostly due to the lower CAPEX of Chinese alkaline technology, but also thanks to 
a growing offer, both from traditional electrolyser manufacturers and new market-
entrants (including solar PV and wind manufacturers that have moved into 
electrolysis manufacturing, such as LONGi, Sungrow, Trina and Envision), and 
increasing confidence in the technology provided. Some Chinese OEMs have 
started addressing concerns that project developers have raised in terms of the 
efficiency and performance of their products, and are already manufacturing 
equipment that can meet standards elsewhere. Commercial projects of 5-10 MW 
in scale using electrolysers manufactured in China are already operating in 
different countries (for example in Norway and Namibia), and projects larger than 
100 MW are under construction (in Germany, Oman and the United States). 

In addition, several Chinese OEMs are exploring the option of expanding 
operations overseas to reach emerging markets and to respond to trade 
restrictions, such as local content requirements in policies, or trade sanctions. In 
September 2024, Hygreen Energy announced plans to build a manufacturing site 
in Spain that could reach up to 5 GW/yr of manufacturing capacity depending on 
demand developments in Europe. Chinese companies are also starting to 
establish co-operations with companies elsewhere to sell their technology outside 
of China. In 2023, PERIC, China’s largest electrolyser manufacturer, signed an 
agreement with Metacon, a Swedish technology provider, to license PERIC 
electrolyser technology for manufacture in Sweden. In May 2024, Sungrow  
 

https://www.infiniumco.com/news/infinium-announces-construction-of-large-scale-efuels-production-facility-in-texas
https://www.longi.com/fr/products/hydrogen/
https://en.sungrowpower.com/productDetail/3474/alk-water-electrolysis-equipment-alk-water-electrolysis-equipment
https://www.trinahydrogen.com/en/
https://www.envision-group.com/news-detail?id=66e05a837bdfae0a7fceb403&lang=en
https://www.hydrogeninsight.com/electrolysers/chinas-longi-ships-electrolysers-to-what-will-soon-be-australias-largest-completed-green-hydrogen-project/2-1-1820828
https://www.hydrogeninsight.com/electrolysers/chinese-electrolyser-maker-hygreens-planned-78m-factory-in-spain-to-be-fast-tracked-to-approval/2-1-1826656
https://www.hygreenenergy.com/hygreen-energy-announces-expansion-plans-in-europe-electrolyzer-production-factory-high-efficiency-electrolyzer-hydrogen-generation-plants-spain/
https://metacon.com/news/historic-agreement-for-own-production-of-electrolysis-plants/
https://metacon.com/news/historic-agreement-for-own-production-of-electrolysis-plants/
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Hydrogen signed an agreement with BrightHy Solutions (a subsidiary of the 
Portuguese company Fusion Fuel Green) to sell hydrogen equipment in Spain and 
Portugal. 

These rapid developments have raised concerns among governments and 
companies outside of China that there could be a repeat of the experience seen 
with other clean energy technologies, such as solar PV, wind or batteries, for 
which China has become the global leader having overtaken earlier leads from 
other countries, particularly in Europe. In addition to challenges to 
competitiveness, such a situation could raise concerns about supply chain 
concentration. However, although the CAPEX for Chinese electrolysers is 
significantly lower than for electrolysers manufactured elsewhere, using 
equipment manufactured in China instead of equipment manufactured in other 
countries has only a small impact on the final cost of producing hydrogen for 
projects developed outside of China. The total cost of using Chinese-
manufactured electrolysers in projects outside of China is significantly larger than 
installing that equipment in China due to the large share of EPC and contingency 
costs. As a result, the total CAPEX of installing a Chinese electrolyser in countries 
other than China is around 5-25% lower than using electrolysers manufactured 
outside of China, once the cost of transporting components from China is added. 
In addition, the cost of electricity accounts for a significant share of the cost of 
producing hydrogen, and given that Chinese electrolysers generally still present 
issues with underperformance and efficiency, the cost of electricity has a higher 
impact, partially cancelling out the cost savings achieved through the lower 
CAPEX associated with the electrolysers. 

For example, for projects running on renewable electricity in Europe, the potential 
cost reduction that can be achieved today by using Chinese equipment ranges 
between 3% and 13% (Figure 3.16), depending on the electricity source and the 
share of equipment that is replaced with Chinese components (i.e. the stack alone 
or components of the BoP as well). Moreover, in some project configurations 
where the cost of electricity accounts for a very large share of the final cost of 
producing renewable hydrogen, the lower efficiency and performance of Chinese 
equipment can wipe out the potential savings from the lower CAPEX, and even 
lead to slightly higher LCOH production than using European equipment alone. 

https://www.h2-view.com/story/fusion-fuel-subsidiary-to-lead-sungrow-hydrogens-iberian-rollout/2126739.article/?utm_source=dlvr.it&utm_medium=twitter&utm_campaign=rss
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Figure 3.16 Levelised cost of hydrogen production for different project configurations 
using electrolysers manufactured in Europe and imported from China, 
2024 

 
Notes: BoP = balance of plant. “100% European” refers to a project configuration which only uses equipment manufactured 
in Europe, with an electrolyser CAPEX of USD 2 300/kW. “Chinese stack” refers to a project configuration using 
electrolyser stacks imported from China with all the rest of the equipment procured from original equipment manufacturers 
(OEMs) from Europe, with an electrolyser CAPEX of USD 2 150/kW. “Chinese stack & BoP” refers to a project 
configuration using electrolyser stacks and the rest of BoP components imported from China, with an electrolyser CAPEX 
of USD 1 800/kW. Electrolyser efficiency is 62% for “100% European” and 56% for the other two cases. The total import 
cost of Chinese components includes the manufacturing cost in China, shipping costs and an import tariff of 3.7% tariff on 
electrolyser stacks and 2% on BoP components. Engineering, procurement and construction (EPC) and contingency costs 
are considered to be at European prices for all project configurations.  
Sources: IEA analysis based on data collected through a survey to original equipment manufacturers, EPC companies and 
project developers, data from McKinsey & Company and the Hydrogen Council; BloombergNEF, Argus Media Group, All 
rights reserved. 

Despite the significantly lower CAPEX of Chinese electrolysers, their use in projects 
outside of China leads to only small reductions in the cost of producing hydrogen. 

This difference in cost does, of course, have policy implications. With regards to 
support in the form of CAPEX grants, using Chinese components would enable a 
larger-scale deployment within the same budget. For example, a programme with 
a budget of USD 1 billion would be able to support the deployment of 1.1 GW of 
electrolysis capacity, if components manufactured outside of China are used, 
compared to up 1.4 GW if the use of Chinese components is permitted, although 
the potential production from that capacity using Chinese electrolysers could be 
slightly lower due to their lower performance.37 Similarly, a 200 MW project 
running on solar PV in southern Europe that receives support from the European 
Hydrogen Bank would require a fixed premium of EUR 0.6-1.8 more per 
kilogramme of hydrogen if using components manufactured outside of China 
rather than imported Chinese equipment in order to recover the additional 

 
 

37 Assuming the use of alkaline technology and that the grant cannot cover more than 40% of the project CAPEX cost. 
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investment in the 10 years of support provided by the scheme.38 When designing 
support schemes for electrolysis projects, governments will need to carefully 
balance these potential cost savings with the need to develop a domestic 
manufacturing industry that can help to diversify the supply chain, protect jobs and 
boost economic growth.  

Fossil fuels with CCUS 
Coal, oil and natural gas-based processes made up more than 80% of total 
hydrogen produced in 2024. Less than 1% of these processes were equipped with 
CCUS technology, based in about 16 hydrogen facilities39 around the world, 
largely in North America. Most of these CCUS facilities have been retrofitted to 
hydrogen production units in refining and fertiliser production, and some date back 
to the 1980s. These have a cumulative capture capacity of around 12 Mtpa CO2. 
However, only around 1 Mtpa of the captured CO2 is injected in dedicated storage 
(at the Quest facility in Canada), and the remainder is injected for enhanced oil 
recovery (EOR) or used in other applications. While most of the CO2 injected for 
EOR can be retained in the reservoir over the life of the project, additional 
monitoring and verification is required to confirm that the CO2 has been 
permanently stored. All facilities in operation at the end of 2024 have been 
retrofitted with partial capture, meaning that only process emissions – which have 
a high concentration of CO2 – are captured. This resulted in only around 
0.6 Mtpa H2 production at the end of 2024 qualifying as low-emissions out of the 
0.9-1.2 Mtpa produced (Figure 3.17),40 with 0.35 Mtpa from natural gas reforming 
(3.5 Mtpa CO2 captured), and 0.3 Mtpa from coal and oil gasification 
(7.5 Mtpa CO2 captured). 

Hydrogen production represents about a third of announced capture capacity by 
2030, making it one of the leading applications in CCUS announcements. These 
applications are not limited to dedicated hydrogen production facilities, but also 
include hydrogen produced for internal use in ammonia, fertiliser, steel and iron 
industries.  

The United States accounts for almost half of announced hydrogen production 
projects with CCUS by 2030, with two projects having taken FID in the past year. 
In July 2024, CF Industries took FID for the retrofit of the Yazoo City Complex 
ammonia plant in Mississippi, targeting the partial capture of the plant’s emissions, 

 
 

38 Assuming 1 400 full load hours of annual operation, 56% system efficiency and full replacement of stack and BoP with 
Chinese components. 
39 Only projects with a capture capacity above 100 000 t CO2 per year are considered here. 
40 Low-emissions hydrogen production is estimated from the plant CO2 capture capacity, and therefore only includes 
hydrogen production for which CO2 is captured and stored. The range of total hydrogen production is estimated assuming a 
40-60% overall unit capture rate for gas-based production and 90-95% for coal and oil-based production, including projects 
capturing CO2 for utilisation. 

https://www.shell.ca/en_ca/about-us/projects-and-sites/quest-carbon-capture-and-storage-project.html
https://www.cfindustries.com/newsroom/2024/yazoo-city-ccs-exxonmobil
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amounting to around 0.5 Mtpa CO2, with ExxonMobil providing the CO2 transport 
and storage services. This was followed in April 2025 by a USD 4 billion FID 
through a joint venture between CF Industries, JERA and Mitsui to develop a new 
1.4 Mtpa ammonia facility in Louisiana. The project aims to capture 2 Mtpa CO₂, 
approximately 95% of the plant’s emissions, for storage at the Pelican 
Sequestration Hub. Additionally, CF Industries’ partial capture retrofit at its 
Donaldsonville facility commenced operations in July 2025, capturing 2 Mtpa CO2 
for interim use for EOR with a planned transition to dedicated storage once the 
necessary infrastructure is ready. Linde’s Beaumont plant is also expected to start 
producing hydrogen for an adjacent ammonia facility (now under Woodside 
Energy ownership); however, CO2 capture at the site, targeting 1.7 Mtpa CO2, is 
scheduled to begin in 2026. ExxonMobil will provide CO2 transportation and 
storage services for both the Donaldsonville and Beaumont facilities using Class 
VI wells. A major incentive for these investments is the availability of tax credits 
under Section 45Q and Section 45V (credits cannot be combined). Section 45Q 
provides up to USD 85 (around USD 0.8/kg H2)41 per tonne of CO2 stored, and 
USD 60 (around USD 0.55/kg H2) per tonne of CO2 used, over the first 12 years 
of operation. Meanwhile, Section 45V offers up to USD 3.2/kg H2 produced in the 
first decade of operation depending on the well-to-gate carbon intensity of the 
production process (see Chapter 6 Policies). However, it would be difficult for 
fossil-powered hydrogen production facilities to qualify for the highest 45V tier of 
support reserved for hydrogen with emissions below 0.45 kg CO2-eq/kg H2, given 
that upstream and midstream emissions alone average around 1.8 kg CO2-
eq/kg H2, nearly four times the threshold. Although the US Treasury released final 
guidelines for the 45V programme in January 2025, enabling project developers 
to submit applications, only a narrow window remains to access the credit, as 
eligibility is now limited to projects that begin construction before the end of 2027. 
In parallel, the future of the four hubs that include projects using natural gas with 
CCUS under the USD 7 billion Regional Clean Hydrogen Hubs Program remains 
unclear, with discussions ongoing about potential reductions in funding which 
might hamper progress.  

Canada is the second-largest producer of hydrogen from fossil fuels with CCUS, 
accounting for more than one-fourth of global output in 2024. By 2030, Canada is 
expected to account for approximately one-sixth of the announced global 
production. Federal incentives such as the CCUS Investment Tax Credits and the 
Clean Hydrogen Investment Tax Credits are supporting investments, alongside 
state-level programmes like the Alberta Petrochemicals Incentive Program and 
the Alberta Carbon Capture Incentive Program. In June 2024, Shell Canada 
reached FID for both the Polaris project and associated transport and storage 
infrastructure, Atlas Carbon Storage Hub, a joint venture with ATCO EnPower. 

 
 

41 Assuming gas-based production, 0.9105 kg CO2 emitted per normal cubic metre (Nm3) H2 and 90% capture rate. 

https://www.cfindustries.com/newsroom/2025/blue-point-joint-venture
https://www.1pointfive.com/projects/livingston
https://www.1pointfive.com/projects/livingston
https://www.cfindustries.com/who-we-are/clean-energy-initiatives
https://www.linde.com/news-and-media/2023/linde-to-invest-1-8-billion-to-supply-clean-hydrogen-to-oci-s-world-scale-blue-ammonia-project-in-the-u-s-gulf-coas
https://www.woodside.com/what-we-do/growth-projects/beaumont-new-ammonia
https://www.iea.org/policies/4986-section-45q-credit-for-carbon-oxide-sequestration
https://www.energy.gov/articles/clean-hydrogen-production-tax-credit-45v-resources
https://www.iea.org/policies/4986-section-45q-credit-for-carbon-oxide-sequestration
https://www.energy.gov/articles/clean-hydrogen-production-tax-credit-45v-resources
https://www.irs.gov/irb/2025-30_IRB
https://www.federalregister.gov/documents/2025/01/10/2024-31513/credit-for-production-of-clean-hydrogen-and-energy-credit
https://www.federalregister.gov/documents/2025/01/10/2024-31513/credit-for-production-of-clean-hydrogen-and-energy-credit
https://www.energy.gov/oced/regional-clean-hydrogen-hubs-0
https://www.reuters.com/business/energy/us-weighs-funding-cuts-four-seven-hydrogen-hubs-2025-03-26/
https://www.canada.ca/en/revenue-agency/services/tax/businesses/topics/corporations/business-tax-credits/clean-economy-itc/carbon-capture-itc.html
https://www.canada.ca/en/revenue-agency/services/tax/businesses/topics/corporations/business-tax-credits/clean-economy-itc/clean-hydrogen-itc.html
https://www.alberta.ca/alberta-petrochemicals-incentive-program
https://www.alberta.ca/alberta-carbon-capture-incentive-program
https://www.shell.com/news-and-insights/newsroom/news-and-media-releases/2024/shell-to-build-carbon-capture-and-storage-projects-in-canada.html
https://www.atco.com/en-ca/about-us/projects/atlas-carbon-storage-hub.html
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Polaris is designed to capture and store approximately 0.6 Mtpa of CO₂ from 
hydrogen production units at Shell’s Scotford refinery, with operations expected to 
begin in 2028. The project builds on the success of the nearby Quest facility which 
has sequestered over 9 Mt CO2 since start-up in 2015. However, project delays 
continue: despite initial plans for a 2024 start, the commissioning of Air Products’ 
Net-Zero Hydrogen Complex in Alberta has been pushed to late 2027 or early 
2028, with capital costs almost tripling from USD 1.2 to USD 3.3 billion due to 
project management difficulties. 

Hydrogen production from fossil fuels with CCUS is experiencing renewed 
momentum in Europe, driven primarily by government funded decarbonisation 
programmes and major investments in CO2 transport and storage infrastructure. 
By 2030, the region could account for around one-quarter of global low-emissions 
hydrogen production from fossil fuels with CCUS. With USD 28 billion made 
available by the UK Government to support CCUS deployment for two industrial 
clusters, the United Kingdom is leading hydrogen-CCUS developments in Europe, 
making up roughly 40% of the region’s planned production for 2030. In April 2025, 
an FID was reached for Hynet’s Liverpool Bay CCS project, which aims to 
transport and store about 4.5 Mtpa CO2 starting from 2028. The project will 
facilitate CO2 capture from the Hynet industrial cluster, including EET Hydrogen’s 
Hydrogen Production Project with the capacity to produce more than 0.3 Mtpa H2. 
Similarly, the Northern Endurance Partnership, which will facilitate sequestration 
of captured carbon from H2Teesside, reached FID in December 2024. While 
investments are yet to be finalised for the associated hydrogen plants, the 
progress on the CCS infrastructure indicates a significant step forward. In the 
Netherlands, two retrofit capture projects on existing hydrogen plants are currently 
under construction, along with associated transport and storage infrastructure 
(Porthos), steadily aiming for a 2026 start. Recent FIDs in CO2 transport and 
storage infrastructure in Denmark and Norway could further support capture 
announcements across industries, including hydrogen production. 

In the Middle East, fossil-based hydrogen production with CCUS is expected to 
increase almost fourfold by 2030 if all announced projects come to fruition. This 
expansion is fuelled by available low-cost natural gas, accessible CO2 storage 
capacity and the region’s ambition to produce low-emissions fuels. In December 
2024, project partners for Saudi Arabia’s Jubail CCS hub, one of the largest hubs 
in the pipeline, reached an equity agreement with FID expected by the end of 
2025. In anticipation, Linde is exploring the development of a hydrogen plant to 
leverage the hub’s infrastructure. In Oman, while the national hydrogen strategy 
prioritises electrolytic hydrogen, Shell is undertaking a feasibility study for the Blue 
Horizons project, a large-scale fossil-based hydrogen and ammonia production 
facility with CCUS, which is expected to be the first of its kind in Oman. 

https://www.airproducts.com/energy-transition/canada-net-zero-hydrogen-energy-complex
https://www.gov.uk/government/news/government-reignites-industrial-heartlands-10-days-out-from-the-international-investment-summit
https://www.eni.com/content/dam/enicom/documents/press-release/migrated/2025-en/04/pr-Financial-Close-Eni.pdf
https://eethydrogen.com/projects/
https://eethydrogen.com/projects/
https://northernendurancepartnership.co.uk/
https://www.porthosco2.nl/en/project/
https://greensandfuture.com/next-chapter
https://www.equinor.com/news/20250327-northern-lights-phase-2
https://www.aramco.com/en/news-media/news/2024/aramco-linde-and-slb-sign-shareholders-agreement-for-one-of-the-largest-ccs-hubs-globally
https://hydrom.om/Media/Pdf/Oman-Green-Hydrogen-Strategy-2024.pdf
https://www.shell.com.om/media/2024-media-releases/powering-change-shells-pioneering-projects-stand-out-at-oman-sustainability-week-2024.html
https://www.shell.com.om/media/2024-media-releases/powering-change-shells-pioneering-projects-stand-out-at-oman-sustainability-week-2024.html


Global Hydrogen Review 2025 Chapter 3: Hydrogen production 

PAGE | 115  IE
A.

 C
C 

BY
 4

.0
. 

If all announced projects are realised in full and on time, low-emissions hydrogen 
production with CCUS could increase from 0.6 Mtpa in 2024 to around 9 Mtpa by 
2030. Projects that have at least taken FID represent about 15% of the potential 
additional production, whereas early-stage projects account for less than 10%. 
Natural gas with CCUS remains the dominant pathway, making up more than 90% 
of the announced hydrogen production by 2030, primarily through steam methane 
reforming (SMR) or autothermal reforming (ATR) technologies. In contrast, coal 
and oil-based hydrogen plants mainly using gasification could make up less than 
a tenth of operational facilities by 2030.  

Figure 3.17 Production of low-emissions hydrogen from fossil fuels with carbon 
capture, utilisation and storage, historical and from announced projects, 
2020-2030 

 
IEA. CC BY 4.0. 

Notes: CCUS = carbon capture, utilisation and storage; FID = final investment decision; Moderate pot. = Moderate 
potential; 2025e= estimate for 2025, based on projects planned to start operations in 2025 and that have at least reached 
FID. FID refers to projects have at least taken FID and those that are under construction. Only includes projects with an 
announced operating date before 2030, assuming they will start on time. 
Source: IEA Hydrogen Production Projects Database (September 2025). 

More than half of the potential hydrogen production from planned projects using fossil 
fuels with CCUS is almost certain or has strong potential to be operational by 2030. 

Our assessment suggests that over half (around 5 Mt) of the potential production 
from planned projects is almost certain or has strong potential to be operational 
by 2030. Of the remaining half, roughly one-third has moderate potential to be 
operational by 2030 and less than one-tenth has low potential. Planned projects 
are often impeded by several bottlenecks, resulting in long project lead times or in 
some cases, cancellations. Given that most operating plants are capital-intensive 
first-of-a kind facilities, securing project financing remains a major hurdle and a 
leading cause of delays, especially in countries with limited government-backed 
financial incentives.  
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Connecting capture projects to existing transport and storage infrastructure could 
lower associated costs and improve the business case, but securing commitments 
from all stakeholders requires effective co-ordination, which has proven to be 
challenging. A notable example is the Alberta Carbon Trunk Line project, which 
captures, transports and stores CO2 from two facilities including a fertiliser plant, 
and took a decade to reach completion due to such complexities. Moreover, 
challenges in securing permits and other relevant regulatory approvals often 
extend project timelines. These delays can, in turn, lead to inflated project costs 
which undermine project viability and delay FIDs. Another major barrier stalling 
project development is the challenge of securing offtake agreements, which are 
essential for derisking investments. For instance, construction of Air Products’ 
0.7 Mtpa H2 facility in Louisiana, which reached FID in 2023, has been paused 
until offtake agreements are secured. Given these constraints, the successful and 
timely deployment of planned projects is dependent on the full implementation of 
existing and planned policy and financial incentives. Projects that have moderate 
or low potential to be operational by 2030, in particular, will require further support 
to move forward. 

Production of hydrogen-based fuels and 
feedstock 

The production of low-emissions hydrogen for the subsequent production of 
hydrogen-based fuels and feedstocks grew 4% in 2024, with nearly all of this 
growth concentrated in the production of methanol and ammonia (Figure 3.18). 
Based on announced projects that have taken FID and are under construction with 
the aim of starting operation this year, production is expected to increase nearly 
40% to reach nearly 0.5 Mt H2, primarily boosted by large CCUS projects in North 
America for the production of ammonia. More than half of the low-emissions 
hydrogen produced for the manufacturing of hydrogen-based fuels and feedstocks 
in 2024 was used for the production of ammonia, followed by synthetic methane, 
for which almost all the production was concentrated in the Great Plains Synfuels 
plant in the United States. The plant owners announced an agreement in 2021 to 
sell the plant and transform it into a hub for the production of hydrogen from fossil 
fuels with CCUS from 2025, but this has not yet materialised.  

Based on announced projects, the use of low-emissions hydrogen in the 
production of hydrogen-based fuels and feedstocks could reach 17 Mt H2 by 2030, 
accounting for 45% of all potential low-emissions hydrogen production. This is 
nearly 3 Mt H2 lower than the potential production estimated in GHR-24, mostly 
due to cancellations and delays in very large ammonia export-driven projects. On 
the other hand, synthetic methanol projects have nearly doubled compared to last 
year, whereas projects for Fischer–Tropsch (FT) fuel production have remained 
at similar levels. The implementation of policies to stimulate demands for these 

https://wolfmidstream.com/carbon/
https://www.cleanenergylouisiana.com/project-overview
https://www.cleanenergylouisiana.com/project-overview
https://investors.airproducts.com/static-files/a9d41252-e3ce-4042-ab37-aa758adc57a4
https://netl.doe.gov/research/Coal/energy-systems/gasification/gasifipedia/great-plains
https://apnews.com/article/business-environment-and-nature-north-dakota-407b773f6891b0bf8cfc945f8e41c755
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fuels, particularly the sustainable aviation fuel (SAF) mandates in the 
European Union and the United Kingdom, suggest that we may see an increase 
in these projects in the near term, although market participants have raised 
concerns about supply availability to meet those mandates by 2030.42 In the case 
of synthetic methane, despite its large share in today’s low-emissions hydrogen 
use for the production of hydrogen-based fuels and feedstocks, it accounts for a 
very minor share of announced projects by 2030. 

Figure 3.18 Projects for hydrogen-based fuels and feedstocks by product, 2022-2025, 
and announced projects by product, region, status and likelihood, 2030 

 
IEA. CC BY 4.0. 

Notes: FID = final investment decision; FT = Fischer–Tropsch; ROW = rest of world; 2025e= estimate for 2025, based on 
projects planned to start operations in 2025 and that have at least reached FID. The percentage share represents the 
share of hydrogen inputs for the production of hydrogen-based fuels and feedstocks in the total low-emissions hydrogen 
production from all announced projects for low-emissions hydrogen and hydrogen-based fuels production. 
Source: IEA Hydrogen Production Projects Database (September 2025). 

Hydrogen-based fuels and feedstocks account for 45% of the pipeline of low-emissions 
hydrogen production, but half has low potential or is uncertain to be operative by 2030. 

Regionally, there has been a significant decrease in export-oriented projects in 
Australia and to a lower extent in Africa and Latin America, some of which have 
been cancelled, while others have delayed their targeted operational date until 
after 2030 given the slow development of a global market for these products. On 
the other hand, there has been a significant increase in planned projects in Latin 
America (nearly 25% higher than in GHR-24, reaching 3.4 Mt H2). Brazil has been 
the main driver, thanks to the acceleration enabled by the hydrogen hubs 
programme launched in 2024. However, practically all the projects in the region 
are still at early stages of development or are undergoing feasibility studies, and 
their realisation by 2030 remains in question. 

 
 

42 EU alternative aviation fuel mandates highlight synthetic fuel supply concerns, Platts Hydrogen Daily, 9 April 2025. 
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Across announced projects, the production that has reached FID has grown 
almost 40% compared with last year. This still accounts for only 11% of the total 
announced production, although this is larger than the share for all hydrogen 
projects. This suggests that projects targeting the production of hydrogen-based 
feedstocks and fuels are better placed to find offtake and reach financial closure 
in the short term. The majority of this production is concentrated in the 
United States, China and the Middle East (highly concentrated in the NEOM 
Green Hydrogen project in Saudi Arabia). The potential production by 2030 from 
projects at an early stage has decreased significantly compared to last year 
(-40%). In part, this is because some projects have progressed to feasibility 
studies, but the majority of this drop is a consequence of delays to the plans for 
after 2030, due to slow market development (which makes it difficult to secure 
long-term offtakers) and the abandonment of initiatives with weak business cases 
announced during the hydrogen boom period of the past few years. 

In our assessment of the likelihood of projects being operational by 2030, nearly 
35% of the potential capacity is operative, almost certain or has strong potential 
to be operative by 2030. Projects for the production of hydrogen-based fuels and 
feedstocks represent more than half of the total low-emissions hydrogen 
production in these categories, highlighting the potential that these fuels and 
derivatives present to stimulate demand and mobilise investment in production. 
However, half of the production coming from these projects has low potential or is 
uncertain to be operative by 2030, with the bulk of this production coming from 
early-stage export-oriented projects based in EMDEs, where the hydrogen boom 
period is still not over.
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Chapter 4. Hydrogen trade and 
infrastructure 

Highlights 

 Trade is a major driver of project announcements. Nearly 45% of low-emissions 
hydrogen from announced production projects is intended for export, exceeding 
16 Mtpa H₂-eq by 2030 if all materialise. Yet export-oriented projects are less likely 
to reach the investment stage, with only 5% having done so. These projects tend 
to be large scale, lacking off-takers. More than half are in emerging and developing 
economies, where affordable capital and export infrastructure may be limited. 

 Some governments are supporting the large-scale offtake of low-emissions 
hydrogen by providing funds for long-term premiums through competitive auctions. 
However, not all allocated funding has been awarded in initial rounds due to a 
range of difficulties, including regulatory uncertainty, limited funding volumes and 
currency risk, prompting modifications to the design of subsequent rounds. 

 Around 37 000 km of hydrogen pipelines have been announced to 2035, but less 
than 6% have reached final investment decision (FID). Most projects are in Europe 
and China, where the world’s longest, largest-diameter hydrogen pipelines are 
currently being built. In Germany, work began on repurposing a 400 km section of 
a natural gas pipeline in 2025, in a world-first repurposing project of this scale. 

 If all announced underground hydrogen storage projects are realised by 2035, 
around 11 TWh of capacity (325 kt H₂) will be available. However, only 5% has 
reached FID or is under construction, equivalent to 2.5% of the annual output from 
committed low-emissions hydrogen projects. Progress remains concentrated in 
Germany, where one commercial-scale salt cavern project has reached FID. 

 By 2030, over 130 high-traffic ports could have access to at least 100 ktpa of low-
emissions hydrogen within a distance of 500 km, based on announced production 
projects, though availability varies widely by location and cargo segment.  

 Nearly 80 ports score more than 5 (out of 10) in the IEA’s Chemical-handling 
Infrastructure Score, which reflects physical infrastructure and operational 
expertise that can enable the adoption of low-emissions fuels. 

 Of these, 55 ports have significant nearby hydrogen supply and high infrastructure 
readiness, meaning they could be early candidates for low-emissions hydrogen-
based fuel bunkering. However, ability to support methanol or ammonia bunkering 
will also depend on access to sustainable carbon sources in the case of methanol, 
and sufficient space for handling ammonia safely.  
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Overview and outlook for hydrogen trade 
The potential for trade is a major driver behind many 
announced low-emissions hydrogen projects  
Today, most hydrogen is produced and consumed on-site. Limited volumes of 
pure hydrogen are transported by truck or pipeline, mainly for industrial use within 
regional networks, including some cross-border infrastructure in Europe. Although 
hydrogen derivatives such as ammonia and methanol are traded internationally, 
volumes remain modest, as they are currently used as chemical feedstocks rather 
than energy carriers. Around 10% of global ammonia production is traded as 
liquefied gas in tankers, while, among its main derivatives, urea, easier to store 
and handle, is traded in bulk more widely, at about 30% of its production. Around 
a third of methanol is traded internationally in liquid tankers. 

Traditionally, the trade of hydrogen-derived products has been driven by the 
availability of natural gas, with major exporters typically being countries that 
produce large amounts of natural gas. Looking forward, countries with abundant 
renewable resources, or those with the capacity to use natural gas alongside 
carbon capture, utilisation and storage (CCUS), could become key suppliers of 
low-emissions hydrogen and its derivatives, such as ammonia, methanol and 
synthetic kerosene. In addition to these energy carriers and feedstocks, countries 
may export higher-value hydrogen-based products, such as other nitrogen-based 
fertilisers and hot briquetted iron. While some producers and consumers may be 
able to use existing infrastructure, many will require new or adapted supply chains 
to support future trade on a large scale. 

Publicly backed competitive offtake is gaining momentum to 
enable initial low-emissions hydrogen trade 
Publicly backed offtake contracts, i.e. firm purchase agreements, have long been 
used in the energy sector to reduce investment uncertainty, with governments 
awarding long-term purchase commitments through competitive auctions. Similar 
competitive procurement mechanisms are now being applied to low-emissions 
hydrogen. Moreover, given that international hydrogen supply chains will require 
large-scale, long-term offtake commitments in order to justify infrastructure 
investment and reduce early-stage project risk, several countries aiming to import 
hydrogen are now adopting schemes that are open to or target international 
producers. As well as supporting domestic production, some governments are 
also implementing broader, trade-oriented policy frameworks in recognition of the 
crucial role of trade. 

 

https://www.methanol.org/wp-content/uploads/2023/05/Marine_Methanol_Report_Methanol_Institute_May_2023.pdf
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H2Global scheme, launched in December 2022, was the first competitive initiative 
specifically designed to support international trade in low-emissions hydrogen 
(see Chapter 6 Policies) through a double-auction scheme. The first 
EUR 900 million tender, funded by Germany’s Federal Ministry for Economic 
Affairs and Energy (BMWE), was divided in 3 lots and offered 7-year supply 
contracts via Hintco, a subsidiary of H2Global Foundation, with 1-year demand-
side auctions to follow closer to the delivery date of the product (Table 4.1). While 
ammonia attracted strong interest (22 bids), no final bids were submitted for the 
synthetic sustainable aviation fuel (SAF) lot, with participants raising concerns 
about the small lot size (EUR 300 million), short contract duration and regulatory 
uncertainty relating to renewable fuels of non-biological origin (RFNBO). These 
factors were seen as particularly risky for less-mature technologies, such as 
synthetic SAF. In response, Hintco revised the auction design and launched the 
consultation phase of a second tender in February 2025, allocating EUR 2.5 billion 
(potentially rising to EUR 3 billion).43 The Netherlands and Germany will jointly 
open a vector-neutral tender for the import of hydrogen compliant with RFNBO 
regulation to Europe, whose application phase has not yet started. In addition, 
since the beginning of 2025, BMWE has committed up to EUR 588 million for 
bilateral H2Global tenders with Canada and Australia, where hydrogen production 
for export would take place. These tenders are currently undergoing EU state aid 
approval, and in July 2025 a public market consultation for the joint German-
Canadian tender was launched. Natural Resources Canada (NRCan) pledged up 
to CAD 300 million (Canadian dollars) (USD 219 million) to co-fund the Canada–
Germany tender, while Australia has an estimated AUD 33 million (Australian 
dollars) (USD 21 million) for 2028-29 in its 2025 Federal Budget, with further 
annual funding needed thereafter.  

While not exclusively focused on trade, the EU Hydrogen Mechanism was 
launched in July 2025 under the European Hydrogen Bank. This market 
aggregation initiative may support export projects by collecting demand (from off-
takers) and supply (including foreign suppliers) information to facilitate matches, 
with first calls planned for September 2025. 

Contracts for Difference (CfD)44 have been introduced in several countries to 
support domestic production (see Chapter 6: Policy), and in Japan and Korea are 
also being used to enable hydrogen imports. These schemes are designed to 
facilitate international supply chains and are complemented by broader 
infrastructure and import-enabling policies. 

 
 

43 During the first year, producers may offer non-firm volumes to facilitate ramp-up, while Hintco guarantees offtake for 
delivered quantities. Unused annual funds cannot be carried over, and full firm delivery must begin no later than 5 years after 
contract award. 
44 CfDs are a type of contract typically awarded through long-term auctions, that cover only the cost gap above a market 
reference price. They are well-established in the electricity sector. 

https://hintco.eu/how-it-works/
https://www.hintco.eu/hpa-auctions
https://www.hintco.eu/news/hintco-starts-second-h2global-auction-worth-eur-25-billion
https://www.hintco.eu/news/hintco-starts-second-h2global-auction-worth-eur-25-billion
https://hintco.eu/news/germany-commits-eur-588-million-to-bilateral-h2global-tenders-with-australia-and-canada/
https://www.bundeswirtschaftsministerium.de/Redaktion/DE/Pressemitteilungen/2025/07/20250728-marktkonsultation-zur-gemeinsamen-deutsch-kanadischen-ausschreibung-in-h2g-global-gestartet.html
https://www.h2-global.org/news/canada-announces-cad-300-million-for-h2global-initial-auction
https://www.dcceew.gov.au/sites/default/files/documents/dcceew-2025-26-pbs.pdf
https://energy.ec.europa.eu/news/new-eu-energy-and-raw-materials-platform-support-competitiveness-and-decarbonisation-european-2025-07-02_en
https://iea.blob.core.windows.net/assets/26e9f71e-3a3f-4c82-802b-c2ed97aaae24/Thestateofenergyinnovation.pdf
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Table 4.1 Government-backed mechanisms to support imports of low-emissions 
hydrogen and hydrogen-based fuels 

Importing 
country Product Supplying 

regions Status and description* 

Germany 

Ammonia compliant 
with EU RFNBO 

(≤3.38 kg CO2eq/kg 
H2, well-to-wheel) 

Any 
outside 

EU/EFTA 

Contract awarded. 
Part of H2Global’s first import tender 
(Lot 1). Fertiglobe was awarded a 
EUR 397 million contract to supply 
397 kt of ammonia (40 ktpa of 
guaranteed minimum offtake for 
6 years) via the port of Rotterdam from 
Egypt’s Ain Sokhna port from 2027 to 
2033, at a fixed price† of EUR 1 000/t. 

Germany Methanol compliant 
with EU RFNBO 

Any 
outside 

EU/EFTA 

Contract under negotiation. 
H2Global’s first import tender assigned 
EUR 300 million for Lot 2.  

Germany 
Synthetic SAF 

compliant with EU 
RFNBO 

Any 
outside 

EU/EFTA 

Tender cancelled. 
H2Global´s first import tender assigned 
EUR 300 million for Lot 3, with no final 
bids submitted. 

Germany 

Product-open 
compliant with EU 

RFNBO (H2, 
ammonia or 
methanol) 

Africa, 
Asia, North 

America 
and South 
America & 
Oceania 

Tender opened in July 2025. 
H2Global’s second import tender 
allocates at least EUR 484 million per lot 
across four regional lots for deliveries to 
a German hub between 2028 and 2036. 
Contracts are expected to be awarded 
by end-2026, with a price cap of 
EUR 11.75/kg H2. 

Germany, 
Netherlands 

Vector-open‡ 
compliant with EU 

RFNBO 

Global 
(other than 
Germany 

or the 
Netherland

s) 

Tender announced. 
H2Global’s second import tender has at 
least EUR 567 million of joint funding 
from Germany and the Netherlands, for 
deliveries to a virtual trading point in 
their hydrogen network in 2028 - 2036. 

https://www.hintco.eu/lot-1-renewable-ammonia
https://fertiglobe.com/fertiglobe-chosen-as-winning-bidder-in-h2global-pilot-auction-for-supply-of-renewable-ammonia-at-a-delivered-price-of-e1000-per-ton-into-europe/
https://www.hintco.eu/supply-hpa-lot-2-methanol
https://www.hintco.eu/supply-hpa-lot-3-esaf
https://hintco.eu/news/hintco-opens-application-phase-for-four-regional-lots/
https://hintco.eu/wp-content/uploads/2025/07/Hintco-Fact-Sheet-v5.pdf
https://www.hintco.eu/tender-2
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Importing 
country Product Supplying 

regions Status and description* 

Korea 

Low-emissions 
hydrogen and 

ammonia 
(≤4 kg CO2eq 

/kg H2, well-to-gate) 

Global 

Contract awarded. 
In 2024, MOTIE launched its first CHPS 
tender, offering 15-year CfDs for 
6.5 TWh/year of low-emissions 
hydrogen-fired power, awarding a 
750 GWh/year contract to KOSPO. 
Operations will begin in 2028, with 
ammonia imports for coal co-firing. 

Korea 

Low-emissions 
hydrogen and 

ammonia 
(≤4 kg CO2eq 

/kg H2, well-to-gate) 

Global 

Tender opened. 
In 2025, MOTIE launched a second 
tender under the CHPS scheme, 
offering 15-year CfDs for 3 TWh/year of 
low-emissions hydrogen-fired power to 
be operational by 2029. 

Japan 

Low-emissions 
hydrogen-based 

fuels 
(≤3.4 kg CO2eq 

/kg H2, well-to-gate) 

Global 

Tender closed, under evaluation. 
METI launched a USD 20 billion CfD 
auction for hydrogen-based fuels from 
domestic and overseas producers 
through 15-year contracts. Project 
selection will start on a rolling basis in 
2025, with imports expected by 2030. 

* Status as of July 2025. † The price includes the net product price (EUR 811/t ammonia), transport and logistics charges, 
and import and export duties. ‡ In the vector-open lot, hydrogen must be the final product, but the suppliers are free to 
choose any transport method (e.g. liquid organic hydrogen carriers [LOHC], ammonia) provided that the carrier is 
converted back to hydrogen before delivery. 
Notes: CHPS = Clean Hydrogen Portfolio Standard; EFTA = European Free Trade Association; METI = Ministry of 
Economy, Trade and Industry (Japan). Well-to-gate emissions include those generated up to the point hydrogen leaves the 
production facility, while well-to-wheel emissions also account for transport, storage, and end-use. 
 

In 2024, Korea’s Ministry of Trade, Industry and Energy (MOTIE) launched a 15-
year CfD tender to support low-emissions hydrogen-fired power generation and 
enable international hydrogen supply chains (see Chapter 2 Hydrogen demand). 
However, only 11.5% of the targeted capacity was awarded, as most bids 
exceeded an undisclosed price ceiling and concerns were raised over currency 
risks and certification procedures, among other aspects. In the second round, 
launched in 2025, MOTIE introduced changes including a settlement system to 
manage foreign exchange (forex) risk more effectively, a key concern in cross-
border projects involving long-term agreements using different currencies. It also 
introduced a “volume carry-over system”, allowing generators to offset production 
surpluses or shortfalls in one year in the following year. 

The global market remains uncertain, meaning that only a few 
announced projects will be realised by 2030 
Export-oriented projects account for more than 16 Mtpa hydrogen equivalent (H₂-
eq) by 2030, or about 45% of total low-emissions hydrogen production expected 

https://english.motie.go.kr/eng/article/EATCLdfa319ada/2153/view
https://www.korea.net/Government/Briefing-Room/Press-Releases/view?articleId=8013&insttCode=A110412&type=O
https://www.enecho.meti.go.jp/category/saving_and_new/advanced_systems/hydrogen_society/carbon_neutral/index.html
https://oilgas-info.jogmec.go.jp/_res/projects/default_project/_page_/001/010/446/3_Session_B-1_Overview_of_Japans_CfD_Support_Scheme_JOGMEC_Suehiro.pdf
https://english.motie.go.kr/eng/article/EATCLdfa319ada/2153/view
ttps://www.argusmedia.com/en/news-and-insights/latest-market-news/2686770-south-korea-opens-second-clean-h2-to-power-tender
https://english.motie.go.kr/eng/article/EATCLdfa319ada/2273/view
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if all announced projects are realised. This highlights the important role of trade in 
driving project announcements, despite continued uncertainty around the 
development of a global hydrogen market. However, more than 40% of these 
export-oriented projects are still at very early stages and around 55% are 
undergoing feasibility studies. Only less than 5% of the potential traded volume – 
equivalent to 0.8 Mtpa H₂-eq – comes from projects operational, that have 
reached FID or are under construction. This compares to a 11% share of projects 
with committed investments (i.e. with FID, under construction or completed) in the 
total low-emissions hydrogen project pipeline by 2030. 

Across all project types, the total committed production (i.e. operational or having 
reached FID) is 4.2 Mtpa H₂-eq by 2030, with export-oriented projects making up 
roughly 20% of that figure. This suggests that although trade is a major factor in 
project announcements, export-oriented projects are currently less likely to 
progress to investment stage. 

Of all projects that have reached FID, export-oriented projects targeting 
electrolysis and fossil-based hydrogen with CCUS routes account for a similar 
share of around 20% each. However, investment drivers and import markets differ, 
as the role of fossil-based hydrogen with CCUS in Europe remains uncertain, while 
in Japan and Korea, such projects may be eligible for tenders, given that eligibility 
is based only on carbon footprint. Notably, Korea’s first CHPS tender included an 
award for CCUS-based ammonia imports. 

Figure 4.1 Announced projects for low-emissions hydrogen and hydrogen-based 
fuels intended for exports, 2030 

 
IEA. CC BY 4.0. 

Notes: CCUS = carbon capture, utilisation and storage; FID = final investment decision. 
Source: IEA Hydrogen Production Projects Database (September 2025). 

Around 45% of announced low-emissions hydrogen projects by 2030 target exports, but 
only one-quarter have identified off-takers and less than 5% have secured investment. 
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Several factors are limiting the progression of export-oriented projects towards 
FID: 

 Lack of off-takers. Only one in four trade-oriented projects has identified a 
potential off-taker (Table 4.2), but offtake agreements are often necessary for FIDs 
(see Chapter 5 Investment and innovation). Regulatory uncertainty and the 
absence of clear definitions for low-emissions fuels further limit offtake 
commitments. 

 Large project scale. Export-oriented projects tend to be larger, as dedicated 
export infrastructure is only economically viable when used at scale. Among all 
projects that have reached FID, 90% have a planned production below 
200 ktpa H2. In contrast, more than 50% of announced trade-oriented projects are 
above this threshold. First-of-a-kind, larger-scale projects are often perceived as 
riskier, hindering progress to FID. To date, two large projects, NEOM’s ammonia 
project in Saudi Arabia and Greenko ZeroC in India, account for nearly 70% of 
low-emissions hydrogen trade volumes from electrolysis projects that have taken 
FID. 

 Infrastructure readiness. Around 85% of trade-oriented projects plan to transport 
hydrogen as ammonia, i.e. 13.7 Mtpa H₂-eq, equivalent to more than 75 Mtpa of 
ammonia. This volume is significant compared to current global ammonia 
production of roughly 200 Mtpa and is nearly 4 times larger than the ammonia 
traded today (20 Mtpa). A sharp increase of this scale would require a rapid, large-
scale expansion of ammonia handling infrastructure at ports, which may face 
physical, regulatory and timing constraints. It would also require substantial new 
demand creation, including for ammonia cracking, which is still in the early stages 
of commercial validation. 

 High concentration in emerging economies. Almost 60% of trade-oriented 
projects are located in emerging markets and developing economies (EMDEs), 
excluding China (Figure 4.2), where limited infrastructure, regulatory uncertainty 
and a high cost of capital may delay FIDs.  

Table 4.2 Selected projects for low-emissions hydrogen fuels and derived products 
targeting exports with offtake agreements 

Project & 
Export 
country 

Product 
Trade-oriented 

off-takers & 
Import region 

Description 

Hyphen, 
Namibia Ammonia 

RWE, Approtium, 
Other chemical 

company 
(Germany, Korea) 

Non-binding offtake agreements for 
~1 Mtpa ammonia, with first exports 
expected by 2027. 

ACME Oman 
project, Oman Ammonia Yara, 

(Global) 
Binding offtake agreement for 
100 ktpa ammonia by 2027. 

https://www.spglobal.com/commodity-insights/en/news-research/latest-news/agriculture/020223-hyphen-hydrogen-signs-further-offtake-mous-for-namibia-green-ammonia-project
https://www.yara.com/corporate-releases/yara-and-acme-signed-a-binding-agreement-for-supply-of-green-ammonia/
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Project & 
Export 
country 

Product 
Trade-oriented 

off-takers & 
Import region 

Description 

H2-hub 
Gladstone 
Australia 

Ammonia 
Korea East-West 

Power, MHI 
(Japan, Korea) 

Long-term non-binding offtake 
agreements, with exports expected 
by 2027. 

ACME Odisha 
plant, India Ammonia IHI 

(Japan)  

Non-binding offtake agreements for 
up to 400 ktpa ammonia for power 
generation from 2028. 

Egypt Green 
Hydrogen Ammonia 

Fertiglobe, 
(Global, part will 
be shipped to the 
Netherlands as 

part of H2Global) 

20-year offtake agreement 
(Fertiglobe has already allocated 
part of this volume through 
H2Global to Hintco). 

NEOM Green 
Hydrogen, 

Saudi Arabia 
Ammonia Air Products 

(Global) 

Binding 30-year offtake agreement 
for 1.2 Mtpa ammonia (exclusive 
off-taker), expected from 2027. Air 
Products does not intend to act as 
a retail marketer and instead plans 
free on board sales via partners. 

ATOME 
La Villeta, 
Paraguay 

Calcium 
ammonium 

nitrate 

Yara 
(Global) 

Non-binding offtake agreement for 
260 ktpa (exclusive off-taker), 
expected to begin by 2027. 

Stegra, 
Sweden Steel 

Mercedes-Benz, 
Cargill Metals, 
Lindab, BMW, 

others. 
(Europe) 

Binding multiyear offtake 
agreements with more than 20 
customers (most commonly 5-7 
years) for ~1.5 Mtpa steel, with a 
25% premium cost. 

DG Fuels, 
United States Aviation fuel 

Air France-KLM 
(International 

aviation) 

Offtake agreement for 600 ktpa of 
sustainable aviation fuel, to be 
delivered between 2027 and 2036, 
securing a further 75 ktpa from 
2029. 

HyIron 
Oshivela, 
Namibia 

DRI Benteler 
(Germany) 

Offtake agreement for 
200 ktpa DRI, expected to start 
operations by 2026. 

Notes: DRI = Direct Reduced Iron; MHI = Mitsubishi Heavy Industries. “Free on board” means the seller is responsible for 
delivering and loading the product onto a tanker, after which the buyer assumes all costs and risks, including shipping, 
insurance and onward transport. 

https://www.vopak.com/newsroom/news/news-h2u-and-vopak-collaborate-h2-hubtm-gladstone-green-hydrogen-and-green-ammonia
https://www.vopak.com/newsroom/news/news-h2u-and-vopak-collaborate-h2-hubtm-gladstone-green-hydrogen-and-green-ammonia
https://www.ihi.co.jp/en/all_news/2023/resources_energy_environment/1200584_3523.html
https://scatec.com/2024/07/11/scatecs-egypt-green-hydrogen-project-signed-20-year-offtake-agreement-with-fertiglobe-based-on-h2global-award/
https://www.airproducts.com/energy-transition/neom-green-hydrogen-complex
https://www.atomeplc.com/atome-secures-milestone-off-take-deal-with-yara-international-as-it-progress-villeta-project/
https://stegra.com/news-and-stories/h2-green-steel-has-pre-sold-over-15-million-tonnes-of-green-steel-to-customers
https://stegra.com/news-and-stories/h2-green-steel-has-pre-sold-over-15-million-tonnes-of-green-steel-to-customers
https://www.airfranceklm.com/en/newsroom/air-france-klm-confirms-its-strategic-cooperation-saf-producer-dg-fuels-investing-their
https://miningandenergy.com.na/hyiron-secures-germany-steel-manufacturer-benteler-as-first-off-taker/
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Figure 4.2 Bilateral trade flows of low-emissions hydrogen by carrier, excluding 
projects at earlier stages, 2030 

 
IEA. CC BY 4.0. 

Notes: HBI = hot briquetted iron; LOHC = liquid organic hydrogen carrier. “Not defined” refers to projects for which the 
import destination has not been identified or disclosed. Earlier-stage projects that are not included are those that remain at 
the conceptual stage and have not yet progressed to feasibility studies. Total traded volume represented in the diagram 
corresponds to 9.6 Mtpa H2-eq by 2030.  
Source: IEA Hydrogen Production Projects Database (September 2025). 

Most low-emissions hydrogen trade projects target exports to Europe, mainly to Germany 
and the Netherlands, or to Japan and Korea, while one-third have no specified destination. 

The methodology developed to evaluate how much low-emissions hydrogen 
production could feasibly be operative by 2030 (Box 3.1) has been applied to 
projects targeting exports. For trade-oriented projects, those that are either 
already operational or almost certain, i.e. under construction or having reached 
FID, represent just above 0.8 Mtpa H₂-eq by 2030. An additional 1 Mtpa H₂-eq 
has strong potential to be traded within this timeframe, provided that the cost gap 

https://www.iea.org/data-and-statistics/data-product/hydrogen-production-and-infrastructure-projects-database
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with domestic hydrogen production in importing countries is closed, off-takers are 
secured, and delivery infrastructure is in place. Necessary infrastructure includes 
port handling and, where reconversion into hydrogen is required, infrastructure 
such as ammonia crackers, along with available appropriate shipping tankers. 

Figure 4.3 Likelihood of low-emissions hydrogen trade projects with an identified off-
taker or with no off-taker being available in 2030  

 
IEA. CC BY 4.0. 

Note: “With off-taker” includes projects that have an identified off-taker and an agreement in place, and projects with an 
identified off-taker but no agreement in place.  
Source: IEA Hydrogen Production Projects Database (September 2025). 

Only around 0.8 Mtpa H2-eq is almost certain to be traded by 2030; the potential of other 
projects is dependent on off-takers and enabling export infrastructure. 

An additional 1.8 Mtpa H₂-eq has moderate potential to be traded by 2030, but 
achieving that potential will depend on stronger policy support to increase demand 
in importing countries, where trade can help meet hydrogen needs more cost-
effectively while also diversifying supply sources for greater energy security. 
However, more than 75% of the announced volume from trade-oriented projects 
in the pipeline has low potential or is uncertain to become operational before 2030. 
Most of this volume is associated with large-scale electrolysis projects in EMDEs, 
where abundant renewable resources offer theoretical advantages, but these are 
often offset by high costs of capital, a lack of off-takers and underdeveloped port 
infrastructure, among other challenges. The scale and complexity of these 
projects suggest that many may not proceed or are more likely to be 
commissioned only after 2030, with the first operations expected between 2035 
and 2040, depending on the pace of global trade development. 
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Status and perspectives for hydrogen 
infrastructure  

Transport by pipeline 

Building the backbone for hydrogen transmission requires 
updated pipeline standards 
Around 5 000 km of hydrogen pipelines are in operation worldwide, primarily 
connecting refineries and chemical facilities. These pipelines are typically privately 
owned, located onshore, and designed for relatively short-distance transport using 
small-diameter pipes operating at low pressure under steady flow conditions. In 
contrast, planned future hydrogen transmission systems look markedly different. 
Pipelines may be regulated as open access, feature larger diameters and operate 
at higher pressures, spanning both onshore and offshore routes. They would offer 
greater operational flexibility, including the ability to manage pressure swings that 
may result from load fluctuations and linepack storage. While some pipelines will 
serve as regional distribution lines, particularly in the early phases, to link supply 
and demand in proximity, most of the total announced length would function more 
like natural gas transmission systems. However, hydrogen networks are expected 
to follow a more centralised layout, built around high-capacity trunklines 
connecting major production and demand centres, with some branches to key 
industrial hubs. 

This shift is also reflected in evolving pipeline standards. Today’s hydrogen 
pipelines are often designed under the American Society of Mechanical Engineers 
(ASME) B31.12 standard, originally developed for short-distance, small-diameter 
onshore pipelines. While this standard addresses hydrogen embrittlement,45 it is 
widely regarded as overly conservative for future high-pressure transmission, 
particularly for repurposed natural gas pipelines. In response, there are plans to 
integrate hydrogen-specific requirements into the broader ASME B31.8 gas 
transmission and distribution standard update for 2026, supported by a 
Consensus Engineering Requirements project completed in 2024. This update 
aims to streamline hydrogen pipeline design, facilitate repurposing of existing 
infrastructure and harmonise regulations relating to different gases. 

 
 

45 Hydrogen embrittlement occurs when hydrogen atoms are absorbed into steel, reducing its ductility and making it more 
susceptible to cracking. This can accelerate fatigue crack growth and reduce the lifespan of pipelines. 

https://www.pipeline-conference.com/abstracts/consensus-engineering-requirements-hydrogen-pipelines
https://www.asme.org/about-asme/media-inquiries/press-releases/prci-provides-guidance-for-the-addition-of-hydrogen-pipeline-requirements-to-asme-b31-8-gas-transmission-and-distribution-piping-systems-standard
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World’s longest and largest-diameter hydrogen pipelines are 
now under construction in China and Europe, despite delays 
Natural gas transmission pipelines span around 1.1 million km globally, with an 
additional 80 000 km under construction and 160 000 km under consideration. In 
contrast, announced hydrogen pipeline projects, including new pipelines and 
repurposed natural gas pipelines, total around 37 000 km by 2035. However, less 
than 6% of this (by length) has reached FID or is under construction, which is 
equal to 2.7% of the natural gas pipelines currently being constructed. If all 
announced hydrogen pipeline projects proceed, they would represent about 3.4% 
of the current global gas transmission network. While small in relative terms, the 
pace of growth is significant: natural gas transmission pipelines have expanded at 
an average of 15 000 km per year over the past 40 years, with an acceleration in 
the last decade. 

Figure 4.4 Global hydrogen transmission pipeline length based on announced 
projects by type and region, 2035 

 
IEA. CC BY 4.0. 

Notes: FEED = front end engineering design; FID = final investment decision; MENA = Middle East and North Africa. While 
2030 is generally used as the reporting year throughout this report, 2035 is used for infrastructure developments to reflect 
longer lead times required for their planning and construction. More details on announced projects for hydrogen pipelines 
can be found in the new Hydrogen Tracker on the IEA website. 
Source: IEA Hydrogen Infrastructure Projects Database (September 2025). 

Of the 37 000 km of hydrogen pipelines announced by 2035, a third involves repurposing, 
but less than 6% of the total length has at least reached FID, with most projects in Europe. 

Announced plans for hydrogen pipelines remain geographically concentrated, 
particularly in Europe. For example, the length of hydrogen transmission pipelines 
in the Netherlands would be equivalent to over 10% of the country’s existing 
natural gas transmission network, and in Germany and Spain, it would be more 
than 20%. Importantly, these networks were built over more than 45 years, while 
plans for hydrogen infrastructure target development within less than a decade. 
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https://globalenergymonitor.org/projects/global-gas-infrastructure-tracker/
https://www.iea.org/data-and-statistics/data-tools/hydrogen-tracker
https://www.iea.org/data-and-statistics/data-product/hydrogen-production-and-infrastructure-projects-database
https://www.gasunie.nl/en/expertise/hydrogen/gasunie-and-hydrogen
https://fnb-gas.de/en/security-of-supply/transmission-system/
https://www.enagas.es/content/dam/enagas/en/files/enagas-communication-room/publications/informe-sistema-gasista/2024-spanish-gas-system-report.pdf
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Northwest Europe has made notable progress on hydrogen pipeline infrastructure 
since the Global Hydrogen Review 2024 was published. In October 2024, the 
German Federal Network Agency (BNetzA) approved the construction of the 
9 040 km national hydrogen network, to be completed by 2032. That same month, 
Gascade took FID on the northern section of the 400 km Flow – Making Hydrogen 
Happen (East) project. In March 2025, it began repurposing 1.4-metre diameter 
natural gas pipelines46 – the world’s first repurposing at this scale – targeting 
commissioning by end-2025. Regional and industrial networks that will connect 
with the national core network are also progressing. In central Germany, ONTRAS 
completed hydrogen-filling of a 25 km repurposed pipeline in April 2025, for test 
operations. In Lower Saxony, Nowega began hydrogen-filling of the first 55 km of 
the GET H2 Nukleus project, with 95% repurposed pipelines. In June 2025, as 
part of the broader GET H2 project in neighbouring North Rhine-Westphalia, 
Evonik completed a 55 km hydrogen pipeline, 75% repurposed, connecting one 
of the largest chemical park in Germany to a refinery. In Hamburg, construction of 
the 60 km HH-WIN industrial hydrogen network began in February 2025, with the 
first 40 km expected to be operational by 2027. In Belgium, Fluxys began 
construction in March 2025 on the first phase of the national hydrogen pipeline 
network, connecting the port areas of Antwerp and Ghent via 35 km of newly built 
pipelines, although construction was halted a month later (see below). Hydrogen 
pipeline construction in the Netherlands is progressing, despite delays to the full 
national network. The first 30 km section in Rotterdam, under construction since 
October 2023, remains on track to begin operations by 2026 as initially planned. 
In early 2025, Gasgrid awarded front-end engineering design (FEED) contracts 
for Finland’s planned 1 100 km hydrogen network, Enagás launched pre-FEED 
studies47 for Spain’s 2 600 km network, while in Denmark Energinet opened an 
Engineering, Procurement and Construction Management tender for the 133 km 
Esbjerg – Egtved – Frøslev section, which will connect to Gasunie Deutschland.  

In China, construction of the approximately 1 000 km Kangbao (Zhangjiakou) –
Caofeidian (Tangshan) hydrogen pipeline in Hebei Province is expected to begin 
in 2025, following completion of temporary land use procedures in April 2025, with 
operations targeted by the end of 2026. The pipeline, with an approximate 
diameter of 0.8 m, will operate at around 70 bar, which is well above China’s 
current 40 bar standard for hydrogen, enabling higher capacity for hydrogen 
transport. In early 2025, Inner Mongolia, China, launched a bid for feasibility 
studies on a 4 400 km network comprising hydrogen, methanol and ammonia 
pipelines. This includes 10 hydrogen pipelines connecting production sites to 
ammonia plants, anchored by an 800 km trunkline between Ordos and Chifeng 
(both in Inner Mongolia). It also features two pipeline rings within these hubs, and 

 
 

46 A pipeline of this diameter would be capable of transporting over 2 Mtpa H2 when operating at 80 bar and at 75% of its 
nominal design capacity, assuming 5 000 full-load operating hours per year. 
47 Awarding a EUR 70 million contract to several engineering firms. 

https://www.bundesnetzagentur.de/SharedDocs/Pressemitteilungen/EN/2024/20241022_H2.html
https://www.flow-hydrogen.com/en/2025/03/12/hydrogen-here-we-come/
https://fuelcellsworks.com/2025/04/08/electrolyzer/ontras-launches-25km-green-hydrogen-pipeline-to-totalenergies-refinery-in-germany
https://www.hydrogeninsight.com/production/commissioning-begins-for-first-stretch-of-hydrogen-pipelines-to-serve-rwes-300mw-green-h2-project/2-1-1800653
https://hydrogeneurope.eu/evonik-completes-50km-green-h2-pipeline-connecting-two-major-h2-demand-centres/
https://www.hafen-hamburg.de/en/press/news/hh-win-approved-as-part-of-the-hydrogen-core-network/
https://fuelcellsworks.com/2025/02/14/h2/hamburg-advances-in-hydrogen-network-development
https://www.fluxys.com/en/press-releases/fluxys-belgium/2025/250325-press-fluxys-starts-building-first-fase-hydrogen-network
https://www.fluxys.com/en/press-releases/fluxys-belgium/2025/250325-press-fluxys-starts-building-first-fase-hydrogen-network
https://www.argusmedia.com/en/news-and-insights/latest-market-news/2679505-belgian-h2-pipeline-faces-year-delay-in-fruit-dispute
https://www.argusmedia.com/en/news-and-insights/latest-market-news/2679505-belgian-h2-pipeline-faces-year-delay-in-fruit-dispute
https://www.gasunie.nl/en/news/national-hydrogen-network-roll-out-plan-updated-2
https://www.gasunie.nl/en/news/national-hydrogen-network-roll-out-plan-updated-2
https://www.offshore-energy.biz/netherlands-starts-construction-of-national-hydrogen-network/
https://www.worley.com/en/insights/our-news/low-carbon-energy/2025/advancing-finlands-hydrogen-economy-with-gasgrid
https://elperiodicodelaenergia.com/enagas-confia-a-las-grandes-ingenierias-espanolas-el-diseno-de-la-gran-red-de-hidrogeno-espanola/
https://eu.eu-supply.com/ctm/Supplier/PublicPurchase/425437/0/0?returnUrl=ctm/Supplier/publictenders
https://www.ft.dk/samling/20241/almdel/KEF/bilag/308/3045065/index.htm
https://www.thepaper.cn/newsDetail_forward_29776808
https://h2.in-en.com/html/h2-2442193.shtml
https://news.huanbohainews.com.cn/2024-07/07/content_50344984.html
https://www.biddetail.com/procurement/procurement-news/61171
https://caifuhao.eastmoney.com/news/20250320164005202496980
https://caifuhao.eastmoney.com/news/20250320164005202496980
https://ammoniaenergy.org/articles/shared-hydrogen-pipeline-infrastructure-for-renewable-ammonia-production-in-inner-mongolia/
https://elperiodicodelaenergia.com/enagas-confia-a-las-grandes-ingenierias-espanolas-el-diseno-de-la-gran-red-de-hidrogeno-espanola/
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multiple branch lines supplying industrial areas, as well as Hebei (via the Kangbao 
–Caofeidian pipeline), Shaanxi, Ningxia and Liaoning. While large-scale 
construction is unlikely to begin before 2026, authorities have already approved 
an initial 85 km hydrogen pipeline in Chifeng (Aohan-Yuanbaoshan) with a 
planned capacity of 210 ktpa. In July 2025, Sinopec approved China’s first cross-
provincial hydrogen pipeline, spanning 400 km from low-emissions hydrogen 
production sites in Inner Mongolia to the Beijing–Tianjin–Hebei region. In August 
2025, the China Huadian Group launched a tender for the construction of a 195 km 
hydrogen pipeline in Inner Mongolia with a capacity of 100 ktpa H2. 

Outside Europe and China, announcements remain limited, but Oman’s gas 
network operator OQGN plans to take FID in 2027 on a 300-400 km hydrogen 
pipeline, starting with regional pipelines before expanding nationally. Engineering 
firm Wood was contracted to complete pre-FEED work by 2025. A project in 
Indonesia’s Riau Islands, targeting the transport of around 110 ktpa H2 to 
Singapore via a ~40 km offshore pipeline, has entered the FEED phase. The 
European Union has granted EUR 3 million to BOTAŞ, Türkiye’s state-owned 
pipeline operator, to assess the technical suitability of repurposing existing 
infrastructure for hydrogen and to develop a national hydrogen network master 
plan. 

Developing cross-border hydrogen pipelines requires strong international co-
operation and political will, as projects must navigate multiple jurisdictions. One of 
the most well-established initiatives is the European Hydrogen Backbone, 
launched in 2020, which now consists of 33 energy infrastructure operators across 
Europe. Other recent efforts are helping to transform high-level ambitions into 
structured co-operation. In January 2025, Italy, Germany, Austria, Algeria and 
Tunisia signed a Joint Declaration of Political Intent, reaffirming their political and 
institutional commitment to advancing the SouthH2Corridor, a planned 3 300 km 
hydrogen pipeline linking North Africa to Central Europe. In May 2025, UK 
National Gas and Germany’s Gascade signed a Memorandum of Understanding 
(MoU) to assess a potential offshore hydrogen pipeline across the North Sea, 
building on findings from a feasibility study under the United Kingdom-Germany 
hydrogen partnership. 

Securing the enablers for hydrogen networks: demand 
certainty, finance and social licence to operate 
The rollout of hydrogen transmission infrastructure has been slower than initially 
planned, reflecting both broader delays in low-emissions hydrogen deployment 
and specific challenges related to the development of gas transmission grids. 
Planning such infrastructure is inherently complex, as construction timelines often 
exceed those of the supply and demand projects they aim to link. This requires 
infrastructure investment decisions to be made before connected projects reach 

https://inews.nmgnews.com.cn/system/2025/05/19/030152738.shtml
https://www.hydrogeninsight.com/innovation/sinopec-granted-approval-for-china-s-first-cross-provincial-green-hydrogen-pipeline/2-1-1841766
https://www.metal.com/en/newscontent/103479440
https://www.hydrogeninsight.com/policy/final-investment-decision-on-omans-300-400km-hydrogen-pipeline-network-to-be-taken-in-2027/2-1-1811338
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/energy-transition/052825-aslan-energy-targets-2026-fid-for-600-mw-hydrogen-project-in-indonesia
https://www.botas.gov.tr/Icerik/eu-support-to-botas-for-green/1139
https://www.botas.gov.tr/Icerik/eu-support-to-botas-for-green/1139
https://ehb.eu/
https://www.south2corridor.net/milestone-for-the-south2-corridor-five-countries-sign-declaration-of-intent-in-rome/
https://www.nationalgas.com/media/news/national-gas-and-gascade-collaboration-boosts-europes-hydrogen-economy-and-energy
https://www.arup.com/insights/uk-germany-joint-study-on-the-trade-of-hydrogen/#:%7E:text=This%20joint%20study%20by%20Arup%2C%20Dena%20and,hydrogen%20trade%20between%20the%20UK%20and%20Germany.&text=The%20main%20objective%20of%20this%20study%20was,trade%20of%20hydrogen%20between%20the%20two%20countries.
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FID. A key consideration is balancing the long-term potential for hydrogen 
transport with the continued short- to medium-term need for natural gas, 
particularly when evaluating options to repurpose existing pipelines. A number of 
projects have faced challenges during the past year: 

 Belgium’s Ghent–Antwerp hydrogen pipeline faced delays after the Flemish 
Council for Permit Disputes suspended the project’s environmental permit, 
following appeals from fruit growers over per- and polyfluoroalkyl substances 
(PFAS) discharges into water. Fluxys estimates the process may take up to a year. 

 In October 2024, Danish transmission system operator Energinet delayed the 
Denmark-Germany hydrogen pipeline from 2028 to end-2031 at the earliest, for 
multiple reasons, including an environmental impact assessment now expected to 
take 40 months, compared with the initial estimate of 18 months. In December 
2024, the Danish Energy Agency cancelled its entire 6 GW North Sea offshore 
wind tender after receiving no bids for the first phase, with investors raising 
concerns including uncertainty over the pipeline, seen as critical to using offshore 
wind power for electrolysis for hydrogen exports. In January 2025, the government 
committed additional public funding for the pipeline, targeting commissioning by 
2030. 

 The Delta Rhine Corridor between the Netherlands and Germany initially 
planned a multi-pipeline bundle for hydrogen, natural gas, CO₂, ammonia, 
liquefied petroleum gas (LPG), propylene, and underground DC power cables. 
Due to technical and financial challenges, the scope was narrowed to three 
pipelines (hydrogen, CO₂, ammonia) and DC cables, but combining pipelines and 
power cables proved too complex. In December 2024, the Dutch government 
reprioritised the project to focus solely on hydrogen and CO₂ pipelines, limiting the 
delay to 4 years, with commissioning now expected by 2032. 

 In the Netherlands, completion of the national hydrogen backbone has been 
delayed by 3 years to 2033. Gasunie cited longer permitting timelines under the 
new Dutch Environment and Planning Act, which requires more extensive public 
consultation, unforeseen interdependencies between permitting and engineering 
(such as environmental and archaeological studies affecting pipeline design), and 
shortages of qualified staff. 

 In September 2024, Norway’s Equinor halted plans for a 10 GW (2.6 Mtpa H₂) 
offshore pipeline to Germany, citing high costs (EUR 4-6 billion) and lack of 
demand. A joint Gassco-Dena study had confirmed technical feasibility, but the 
business case was deemed insufficient to proceed. 

 

Market assessments play a critical role in breaking the deadlock between 
development of accessible infrastructure and demand certainty. As seen in 
Denmark, hydrogen suppliers and upstream power producers are hesitant to 
commit without guaranteed infrastructure, while pipeline development is held back 
by the lack of firm demand, as was the case with the planned offshore pipeline 
between Norway and Germany. Calls for interest are being used to address this 

https://www.belganewsagency.eu/year-long-delay-looms-for-hydrogen-pipeline-linking-ghent-and-antwerp-ports
https://investindk.com/insights/driving-green-energy-transition
https://ens.dk/en/press/north-sea-offshore-wind-tendering-procedure-danish-energy-agency-has-not-received-any-bids
https://ens.dk/en/press/north-sea-offshore-wind-tendering-procedure-danish-energy-agency-has-not-received-any-bids
https://www.europeanpensions.net/ep/Danish-govt-proposes-offshore-wind-expansion-hydrogen-pipeline-to-attract-investment.php
https://www.europeanpensions.net/ep/Danish-govt-proposes-offshore-wind-expansion-hydrogen-pipeline-to-attract-investment.php
https://www.en.kefm.dk/news/news-archive/2025/jan/the-danish-government-invests-in-more-offshore-wind-and-green-hydrogen-
https://gasunie-nederland.activehosted.com/social/93db85ed909c13838ff95ccfa94cebd9.71
https://gasunie-nederland.activehosted.com/social/9b8619251a19057cff70779273e95aa6.112
https://gasunie-nederland.activehosted.com/social/9b8619251a19057cff70779273e95aa6.112
https://www.rijksoverheid.nl/documenten/kamerstukken/2024/12/05/scope-en-vervolg-delta-rhine-corridor
https://www.gasunie.nl/en/news/national-hydrogen-network-roll-out-plan-updated-2
https://www.argusmedia.com/en/news-and-insights/latest-market-news/2610545-equinor-halts-norway-germany-h2-pipeline-planning
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challenge by collecting information from both prospective hydrogen producers and 
buyers (Table 4.3). These assessments help define the necessary transmission 
capacity in terms of location, volume and timing, providing inputs for the routing 
and sizing of hydrogen networks, and eventually for binding capacity bookings that 
enable projects to move towards FID. In Denmark, aligning pipeline development 
with market demand has proved challenging. Initial state support required 
bookings of at least 1.4 GW, equivalent to 44% of capacity, (around 210 ktpa H2, 
assuming 5 000 full-load operating hours per year) over 10–15 years for the 
pipeline to Germany. In early 2025, this threshold was lowered to 0.5 GW 
(75 ktpa H2) to allow the project to advance, based on commitments from a single 
potential hydrogen producer. 

Table 4.3 Market surveys and capacity bookings for selected hydrogen transmission 
projects, Q3 2024 – Q2 2025 

Project Length 
(km) Organisers Description 

mosaHYc 
France – 
Germany 

94 
NaTran, 
Creos 

Deutschland 

Binding capacity booking; 
SHS steelmaker has booked 50 ktpa H2, equivalent to 80% of 
the pipeline's capacity, for 25 years under a take-or-pay 
agreement. 

Belgium – 
France (Dunkirk) 150 Fluxys, 

NaTran 

Non-binding call for interest; 
30 respondents, ongoing clarification meetings and results 
expected in 2025. 

Belgium – 
Germany 
(Eynatten) 

~320 Fluxys, OGE 
Non-binding call for interest; 
30 respondents, ongoing clarification meetings and results 
expected in 2025. 

H2med corridor 
(Spain, Portugal, 

France, 
Germany) 

~5 500 

Enagás, 
REN, 

Térega, 
NaTran, 

OGE 

Non-binding call for interest,  
170 respondents,  
CelZa (PT–ES): 0.4 Mtpa H2 demand by 2030 (capacity 
0.75 Mtpa); BarMar (ES–FR): 1.2 Mtpa by 2030 (capacity 
2 Mtpa, full by 2032); HY-FEN (FR–DE): up to 50% of H2med 
by 2035; North Africa: transit interest post-2040 

Get H2 Nukleus 
(Germany) 130 

Nowega, 
OGE, 

Thyssengas 

Network access contract published. 
This introduces a two-part model for booking both fixed and 
freely allocable capacities, with an energy balancing contract 
under development. 

Italian H2 
backbone 

(Italy) 
2 300 Snam 

Non-binding call for interest; 
101 respondents. Average 2031-2040 demand: domestic (IT): 
0.6 Mtpa H2; 
transit to AT&DE: 1.6 Mtpa H2.  

Notes: AT = Austria; DE = Germany; ES = Spain, FR = France; PT = Portugal. 
 

https://www.acer.europa.eu/sites/default/files/documents/Publications/ACER_2024_MMR_Hydrogen_Markets.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/ACER_2024_MMR_Hydrogen_Markets.pdf
https://stateofgreen.com/en/news/agreement-reached-for-a-danish-hydrogen-backbone-to-germany/
https://www.natrangroupe.com/en/our-energy-transition/hydrogen-transport/mosahyc
https://pgjonline.com/news/2024/april/grtgaz-invests-434-million-in-first-french-german-cross-border-hydrogen-pipeline
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/energy-transition/032724-germanys-shs-launches-green-hydrogen-tender-for-saarland-steel-plants
https://www.fluxys.com/en/hydrogen/empowering-you/customer-interactions/call-for-market-interest-h2-cross-border-2024
https://www.fluxys.com/en/hydrogen/empowering-you/customer-interactions/great-success-for-our-cmi-on-hydrogen
https://energy.ec.europa.eu/document/download/944b96b9-4efd-44a3-bbfe-45b752b0b55f_en?filename=Technical_document_1st%20PCI_PMI%20list_15.05.2024_FINAL.pdf
https://energy.ec.europa.eu/document/download/944b96b9-4efd-44a3-bbfe-45b752b0b55f_en?filename=Technical_document_1st%20PCI_PMI%20list_15.05.2024_FINAL.pdf
https://www.fluxys.com/en/hydrogen/empowering-you/customer-interactions/call-for-market-interest-h2-cross-border-2024
https://www.fluxys.com/en/hydrogen/empowering-you/customer-interactions/great-success-for-our-cmi-on-hydrogen
https://h2medproject.com/results-of-the-call-for-interest-h2med-promoters-share-insights-and-outline-future-steps-of-the-project/
https://www.get-h2.de/geth2-projekte/
https://www.get-h2.de/wp-content/uploads/pi-get-h2-AGB-Netzzugang_241010_final.pdf
https://www.snam.it/en/our-businesses/hydrogen/survey-on-potential-market-for-hydrogen-and-CCS.html
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Large-scale hydrogen infrastructure requires substantial upfront investment, even 
while early demand is uncertain. Pipelines offer significant economies of scale: 
constructing a 2 Mtpa (48-inch/1.2 m) pipeline costs less than 3 times more than 
a 150 ktpa (20-inch/0.5 m) pipeline, while providing nearly 15 times the capacity. 
For repurposed pipelines, where the main asset is already in place, investments 
can be as low as one-fifth of those for new hydrogen pipelines. Given long lead 
times and initially limited demand, pipeline networks are typically oversized to 
accommodate expected utilisation growth.  

To mitigate investment risks, several countries are now introducing dedicated 
financial mechanisms (see Chapter 6 Policies). Germany has established a 
EUR 24 billion amortisation account, backed by a state loan, enabling early 
network development while users pay stable network fees, with repayment 
targeted by 2055. Germany’s Federal Network Agency has set the ramp-up tariff 
at EUR 25/kWh/h per year, which corresponds to the annual fee for booking 1 kW 
of pipeline capacity. In many other jurisdictions, financing models and the role of 
public support are still under discussion, influencing the pace of FIDs. At the EU 
level, approximately EUR 250 million was allocated in 2024 from the Connecting 
Europe Facility (CEF) for grants for feasibility studies, including the BarMar-
H2Med interconnection between Spain and France, the backbone projects in Italy, 
Portugal and Spain, and the hydrogen corridors and routes in the Baltic region. In 
June 2025, the United Kingdom allocated GBP 500 million (~EUR 590 million) for 
hydrogen transport and storage infrastructure, though details on the funding 
mechanism are still to be confirmed at the time of writing.  

Market calls for interest and public consultations play complementary roles in 
reducing the investment risks associated with hydrogen infrastructure 
development. Calls aimed at commercial actors can help assess potential 
demand, attract investment, and inform project sizing and design. Public 
consultation and information-sharing is particularly important to secure a social 
licence to operate, as public opposition – including legal challenges – can delay 
or halt projects even after permitting. In Belgium, the Ghent–Antwerp pipeline is 
facing delays following environmental litigation, despite permit approval. To 
mitigate such risks, pipeline developers are strengthening early stakeholder 
engagement. The Netherlands' Delta Rhine Corridor initiated consultations with 
regional authorities early in the planning phase, including water authorities. In the 
United Kingdom, Cadent conducted statutory consultations in-person and online 
for its HyNet North West hydrogen pipeline. Enagás in Spain launched a Public 
Participation Plan for its hydrogen backbone, covering 550 municipalities. In 
France, NaTran organised five public information meetings for the mosaHYc 
project. Early and transparent consultation will remain essential to enable timely 
project delivery, particularly for pipelines that cross multiple jurisdictions. 

https://iea.blob.core.windows.net/assets/c5bc75b1-9e4d-460d-9056-6e8e626a11c4/GlobalHydrogenReview2022.pdf
https://www.kfw.de/About-KfW/Newsroom/Latest-News/Pressemitteilungen-Details_830720.html
https://www.bundesnetzagentur.de/SharedDocs/Pressemitteilungen/EN/2025/20250714_Hochlauf.html
https://ec.europa.eu/commission/presscorner/detail/en/ip_25_377
https://www.gov.uk/government/news/500m-boost-for-hydrogen-to-create-thousands-of-british-jobs
https://www.hynetwork.nl/en/knowledge-base/article/consultation-hynetwork-completed-proposal-for-adjustment-of-roll-out-plan-sent-to-minister
https://mailchi.mp/7b08c1f86cc9/cadents-hynet-north-west-hydrogen-pipeline-targeted-consultation-under-section-42-of-the-planning-act-2008?e=b37b8bd03d
https://www.enagas.es/en/press-room/news-room/press-releases/public-participation-plan-extremadura/
https://www.enagas.es/en/press-room/news-room/press-releases/public-participation-plan-extremadura/
https://www.natrangroupe.com/en/our-energy-transition/hydrogen-transport/mosahyc
https://www.natrangroupe.com/en/our-energy-transition/hydrogen-transport/mosahyc
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Table 4.4 Estimated investment needs for selected hydrogen pipeline projects, 2025 

Project Length (km) Estimated 
investment* Finance source 

Hydrogen 
backbone 
(Germany) 

9 040 EUR 18.9 billion First loan payment of EUR 172 million from KfW 
to the amortisation account. 

Hydrogen 
backbone 

(Netherlands) 
1 200 EUR 3.8 billion 

Cost estimate raised to EUR 3.8 billion (2025) 
from EUR 1.5 billion (2021) due to fewer 
repurposing possibilities, higher material and 
labour costs and an expansion of the original 
plan. 

Hydrogen 
backbone 

(Spain) 
2 600 EUR 4.2 billion† EUR 40 million for feasibility studies from the 

EU CEF. 

H2med CelZa 
(Portugal, 

Spain) 
248 EUR 350 million 

EUR 35 million for feasibility studies from the 
EU CEF. 

H2med BarMar 
(Spain, France) 450 EUR 2.1 billion 

Syvtal 
(Denmark) 360 EUR 2.0 billion 

(under review) 

EUR 1 billion state loan for pipeline to German 
border; up to EUR 1.1 billion in operational 
subsidies (for 30 years). 

mosaHYc 
(France – 
Germany) 

94 EUR 110 million NaTran (France) will invest 35% and Creos 
Deutschland 65%. 

H₂HighwayZBB
XL 

(Belgium) 
97 EUR 300 million 

EUR 95 million from EU Recovery and 
Resilience fund via the Belgian government for 
first phase. 

HH-WIN 
(Germany) 60 EUR 223 million IPCEI project, co-financed by the 

European Union and the German Senate. 

Zhangjiakou -
Caofeidian 

pipeline (China) 
~1 000 USD 850 million [Information not available]. 

Chifeng pipeline 
(China) 85 USD 60 million [Information not available]. 

* As of information available in May 2025. † This figure also includes certain investments in underground hydrogen storage 
facilities, in addition to pipelines, as part of the broader hydrogen infrastructure backbone. 
Note: IPCEI =Important Projects of Common European Interest. 
 

https://www.fluxys.com/en/news/fluxys-deutschland/2024/241022_news_green-light-germany-hydrogen-core-network
https://www.kfw.de/About-KfW/Newsroom/Latest-News/Wasserstoff-Kernnetz.html#:%7E:text=KfW%20made%20the%20first%20payment,to%20around%20172%20million%20euros.
https://www.rijksoverheid.nl/documenten/kamerstukken/2025/02/21/kostenraming-transportnet-voor-waterstof-en-warmtelinq
https://www.enagas.es/content/dam/enagas/en/files/accionistas-e-inversores/informacion-economico-financiera/informes-resultados-presentaciones/informacion-publica-periodica/Rtdos%202024%20y%20Actualizaci%C3%B3n%20estrat%C3%A9gica%202025-2030_EN.pdf
https://h2medproject.com/h2med-projects-secures-cef-funding-for-over-35-million-euro-opening-a-new-chapter-for-the-southwestern-hydrogen-corridor/
https://energywatch.com/EnergyNews/Policy___Trading/article17883505.ece
https://via.ritzau.dk/pressemeddelelse/14255588/bred-politisk-aftale-om-milliarder-til-brintror-til-tyskland
https://www.kefm.dk/Media/638744580036601360/Aftale%20om%20brintinfrastruktur%20til%20Tyskland_muligg%C3%B8relse%20af%20Syvtallet.pdf
https://www.kefm.dk/Media/638744580036601360/Aftale%20om%20brintinfrastruktur%20til%20Tyskland_muligg%C3%B8relse%20af%20Syvtallet.pdf
https://www.natrangroupe.com/sites/default/files/2024-04/pr-grtgaz-mosahyc-first-network-crossborder-french_german.pdf
https://www.fluxys.com/en/projects/h2highwayzbbxl
https://www.fluxys.com/-/media/project/fluxys/public/corporate/fluxyscom/documents/fluxys-belgium/corporate/finance/annualfinancialreport/en/2024_annualreport_fluxysbelgium_en2.pdf
https://www.tube-tradefair.com/en/Media_News/News/Industry_News/EU_funding_Hamburg_H2_industrial_network_HH-WIN_clears_important_hurdle
https://www.chinadailyhk.com/upload/main/pdf/2024/12/10/0ecd665f22116230ea3dbd0b769abe14.pdf
http://nmg.news.cn/20250506/522440b25c454362b757db3af0a566a7/c.html
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Box 4.1 How much hydrogen is leaking and what does it mean for the 
climate? 

Hydrogen is not a GHG as it does not absorb infrared radiation, but when released 
into the atmosphere, it can indirectly contribute to climate change due to 
atmospheric reactions that affect the concentrations of certain GHGs. The scale of 
this impact depends on two key uncertainties: leakage rates across the hydrogen 
supply chain and the resulting effects on atmospheric chemistry. 

Hydrogen’s indirect climate impact occurs mainly through three mechanisms: (1) 
reaction with hydroxyl radicals (OH) which extends the lifetime of methane (CH4); 
(2) reaction with oxygen, contributing to tropospheric ozone (O3) formation; and (3) 
increasing water vapour levels in the stratosphere. Hydrogen does not have a 
Global Warming Potential (GWP) assigned by the Intergovernmental Panel on 
Climate Change (IPCC); however, atmospheric chemistry model studies 
incorporating these three indirect climate effects have attributed a GWP of 12±3 
over 100 years (GWP-100). A 2025 study, incorporating updated estimates of 
atmospheric OH levels and reactivity, suggests a GWP-100 approximately 20% 
lower. 

Uncertainty remains in model-derived estimates of hydrogen’s climate effects, due 
in part to limited understanding of key atmospheric processes, such as global OH 
concentrations, their reactivity, and the relative importance of OH versus soil 
uptake as hydrogen sinks. Additional uncertainty arises from the dependence of 
indirect effects on atmospheric conditions and the concentration of other GHGs, 
such as methane. For instance, since hydrogen reduces OH availability and can 
extend methane’s lifetime, any change in methane concentrations would also 
change the climate impact of hydrogen. 

Given hydrogen’s small molecular size, high diffusivity, and low resistance to flow, 
it is particularly prone to leakage across the supply chain, especially during 
transport, handling and use, with liquefied hydrogen showing the highest estimated 
losses in some studies due to boil-off, though strategies exist to minimise and 
recover these losses. Real-world field measurements of hydrogen leakage remain 
very limited, with most available data based on theoretical models or extrapolated 
from natural gas systems that have not yet been validated. In October 2024, the 
first study measuring industrial hydrogen emissions from production and storage 
reported median leakage rates of 1-2%. A theoretical study had previously 
summarised hydrogen leakage rates ranging from 0.2% to 20.0%, highlighting the 
wide range of possible outcomes. However, due to the limited availability of 
empirical data, estimates vary widely, and significant uncertainties remain 
regarding total leakage rates and the parts of the supply chain that present the 
highest risks and require targeted mitigation efforts. When assuming a GWP-100 
value in the upper uncertainty range from the literature (12+3), leakage rates above 
13% could result in emissions intensities exceeding 2 kg CO₂-eq/kg H₂. However, 

https://doi.org/10.1029/2024GL112445
https://www.dnv.com/article/is-hydrogen-a-greenhouse-gas--243214/
https://doi.org/10.1016/j.ijhydene.2025.06.103
https://hal.univ-lorraine.fr/hal-04146246v1/document
https://doi.org/10.1038/s41598-024-76373-2
https://www.hydrogeninsight.com/industrial/urgent-hydrogen-is-leaking-from-dutch-production-and-storage-facility-at-a-rate-of-up-to-4-2-study/2-1-1726107
https://www.frontiersin.org/journals/energy-research/articles/10.3389/fenrg.2023.1207208
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given the cost of low-emissions hydrogen, high leakage rates would not only 
induce climate impacts, but also compromise the economic viability, providing a 
strong incentive to minimise losses across the supply chain. 

Attributed GWP-100 of hydrogen from atmospheric chemistry models and 
corresponding emission intensities at varying leakage rates 

 
IEA CC BY 4.0 

Note: The right-hand figure uses a GWP-100 value of 12 as reference, with ±3 as the upper and lower bounds. 

Sources: IPCC (2021) Sixth Assessment Report Global Warming Potentials, Warwick et al. (2022), Hauglustaine et al. 
(2022), Sand et al. (2023), Chen et al. (2024), Yang et al. (2025). 

 

Reducing hydrogen leakage requires a combination of advanced materials, 
improved infrastructure design, effective monitoring systems and supportive 
regulatory frameworks. 

Advanced materials and infrastructure design play a critical role in minimising 
and containing hydrogen leaks. Specialised coatings and sealants, such as high-
performance polymers and composites, help limit permeation in storage tanks, 
pipelines and equipment. Multi-layered safety barriers and optimised infrastructure 
design further enhance containment and reduce potential leaks. 

Early detection and repair. Industry is starting to implement leak detection and 
repair programmes specifically targeting hydrogen leaks. However, suitable 
detection technologies are still limited. Most sensors have been developed 
primarily for safety, focusing on detecting large, potentially explosive leaks rather 
than accurately measuring small emissions. Conventional sensors are typically 
designed to detect hydrogen concentrations near its lower flammability limit of 4% 
(40 000 ppm), with lower detection thresholds often in the ppm range, such as 
Honeywell’s Hydrogen Leak Detector, with a threshold of 50 ppm. However, 
detecting much lower concentrations, in the parts-per-billion (ppb) range, is 
needed to quantify supply chain emissions and assess their potential climate 
impact. Recent developments in hydrogen detection have enabled sensors with 
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ppb level sensitivity and fast response times, though further innovation is needed 
for broader deployment of these ultra-sensitive sensors in a cost-efficient manner. 

Enabling regulatory frameworks. The absence of internationally agreed standards 
for measuring hydrogen leaks remains a challenge, limiting data comparability and 
slowing mitigation efforts. Given hydrogen’s different physical properties compared 
to methane, existing methane regulations may require adaptation. Several national 
and international initiatives are underway to develop dedicated measurement 
protocols and safety standards tailored to hydrogen: 

 The European Network of Network Operators for Hydrogen has proposed draft 
rules promoting best practices and international co-operation on hydrogen leak 
management standards. 

 The Pre-normative Research on Hydrogen Releases Assessment (NHyRA), 
an EU-based project involving stakeholders from 9 countries, is adapting 
methane regulations for hydrogen by revising detection methods, assessing 
technologies, identifying leak points and developing leakage scenarios. 

 The EU-funded HYDRA project assesses the climate impacts of hydrogen 
using atmospheric modelling, and develops improved monitoring tools and 
mitigation guidelines for leakage. 

 In the United States, the Clean Air Task Force has suggested a framework 
combining safety, data collection, agency co-ordination and public access to 
hydrogen emissions information. 

 An international research initiative is measuring hydrogen emissions from 
infrastructure in North America and Europe, with participation from industry (Air 
Products, Air Liquide, Shell, TotalEnergies), the Environmental Defense Fund 
and research institutions, with field measurements ongoing since March 2025. 

Underground hydrogen storage 

Underground hydrogen storage is advancing in technological 
readiness 
Underground storage plays an important role in natural gas systems, providing a 
buffer to manage seasonal demand fluctuations and supply disruptions. Global 
underground gas storage capacity stands at around 490 bcm, equivalent to almost 
12% of annual gas demand. In Europe, underground gas storage capacity is today 
equivalent to nearly one-third of consumption,48 and is large enough to 
accommodate peak winter demand. Approximately 90% of the global capacity is 

 
 

48 This ratio was not intended by design, as natural gas consumption peaked in 2010 at levels around 30% higher than those 
seen today. This implies that the storage-to-demand ratio was lower at that time. 

https://doi.org/10.1038/s41928-025-01352-y
https://www.acer.europa.eu/sites/default/files/documents/Official_documents/Public_consultations/PC_2024_G_10/Draft_ENNOH_Rules_of_Procedure_Stakeholders_Consultation_2024.pdf
https://nhyra.eu/
https://www.hydraproject.eu/partners/
https://www.catf.us/resource/regulatory-framework-hydrogen-us/
https://www.edf.org/media/major-collaborative-research-study-launches-measure-real-world-hydrogen-emissions
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in porous reservoirs, mainly depleted gas fields. For hydrogen, underground 
storage is expected to serve a different function. In the near term, it would provide 
short-term flexibility49 to balance variable production. As hydrogen markets scale 
up, storage may also contribute to energy security by mitigating supply risks and 
price volatility, including vulnerabilities that may arise from geopolitical tensions, 
with countries determining appropriate storage levels based on national 
circumstances.  

Technological readiness for underground hydrogen storage is advancing across 
multiple geological options, supported by recent demonstrations. Salt caverns 
offer high operational flexibility where geological conditions allow, with higher 
investment costs offset by frequent cycling that lowers levelised storage costs. In 
May 2025, the HyPSTER project in France announced the successful completion 
of fast-cycling testing, with larger-scale fast-cycling demonstrations planned from 
2027 in salt caverns in France and Germany under the FrHyGe project. The 
world’s largest underground hydrogen salt cavern facility, the ACES Delta project, 
is under construction in Utah, United States. 

Lined hard rock caverns can be developed in a wider range of geologies, require 
less cushion gas and offer greater flexibility, albeit at higher investment costs. 
Results from the HYBRIT project in Sweden, published in February 2025, 
demonstrated successful hydrogen storage in a 100 m³ lined hard rock cavern 
(around 70 MWh H2, equivalent to 2 t H2 at 250 bar). Commercial-scale facilities 
are expected to reach up to 120 000 m³ in cavern size (~70 GWh/2 kt H2 at 
250 bar), equivalent to the sizes of lined hard rock caverns used for natural gas 
storage in Sweden and the Czech Republic today.  

Porous reservoirs, including depleted gas fields and saline aquifers, are more 
widely available than salt caverns and offer larger storage capacities at lower 
investment cost, but their suitability for pure hydrogen storage at commercial scale 
has not yet been demonstrated. In Austria, the Underground Sun Storage 2030 
project completed the world's first field test of 100% hydrogen storage in a 
depleted porous sandstone reservoir, storing 3.3 GWh/100 t H2 with a 98% purity 
recovery. Launched in 2024, the EUH2STARS project aims to validate large-scale 
hydrogen storage in depleted gas fields by the end of the decade, with several 
storage cycles planned in Austria, Hungary, the Netherlands and Spain. 

 
 

49 In addition to underground hydrogen storage, flexibility may also come from compressed hydrogen storage via pipeline 
linepack, though its full potential remains uncertain; by comparison, natural gas linepack can provide up to 50% of within-day 
flexibility during peak periods. 

https://hypster-project.eu/press-release-may-2025/
https://frhyge-project.eu/wp-content/uploads/2024/07/pressrelease_frhyge_kick_off_eng.pdf
https://www.wsp.com/en-gl/projects/aces-delta-i-hydrogen-production-and-storage
https://www.hybritdevelopment.se/en/hybrit-large-scale-storage-of-fossil-free-hydrogen-gas-successfully-proven/
https://www.hybritdevelopment.se/en/hybrit-a-unique-underground-fossil-free-hydrogen-gas-storage-facility-is-being-inaugurated-in-lulea/
https://www.uss-2030.at/en/public-relations-/-publications/press/details/article/seasonal-electricity-storage-in-the-form-of-hydrogen-ready-for-scale-up.html
https://www.hydrogeninsight.com/power/world-first-green-hydrogen-produced-in-summer-to-be-burned-for-heat-and-power-this-winter/2-1-1724331
https://www.euh2stars.eu/en/project/project-description.html
https://ukerc.ac.uk/publications/linepack/
https://ukerc.ac.uk/publications/linepack/
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Few commercial-scale projects have reached FID 
If all announced underground hydrogen storage projects, including new facilities 
and repurposed natural gas storage sites, are realised by 2035,50 around 11 TWh 
of storage capacity (equivalent to 325 kt H₂) would be available. However, of this 
volume, only 5% has reached FID or is under construction, equivalent to around 
2.5% of the annual production of committed low-emissions hydrogen projects 
(either operational or with FID). If all announced projects are fully realised, global 
underground hydrogen storage capacity by 2035 would be equivalent to 0.2% of 
today’s global underground natural gas storage capacity, and around 1.5% of 
current natural gas storage capacity in salt caverns and domes. 

Figure 4.5 Global underground geological storage capacity for hydrogen based on 
announced projects by technology, status and region, 2035 

 
IEA. CC BY 4.0. 

Notes: FEED = front end engineering design; FID = final investment decision. “Salt caverns” covers both underground 
storage in salt caverns and salt domes. More details of the announced projects for underground hydrogen storage can be 
found in the new Hydrogen Tracker on the IEA website. 
Source: IEA Hydrogen Infrastructure Projects Database (September 2025). 

Up to 11 TWh/0.3 Mt H2 of underground hydrogen storage could be available by 2035, but 
only 5% has reached FID, with most projects in Germany, Austria and the United Kingdom. 

Progress on underground hydrogen storage has been mostly limited to 
demonstration-scale projects in salt caverns, primarily in Germany, with only one 
commercial-scale project having reached FID and a few others nearing FID during 
the past year. Despite other countries assessing underground hydrogen storage, 
particularly in Europe, projects have not yet advanced to implementation. 
Developers cite challenges such as the need to transpose EU rules on regulated 

 
 

50 The development timeline for underground hydrogen storage is estimated at 6-11 years, including around 2.5 years before 
FID, with repurposing projects expected to fall towards the lower end of this range. Given the long lead times, projects aiming 
for commissioning by 2035 should already be at least at the concept or planning stage. 
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https://www.iea.org/data-and-statistics/data-tools/hydrogen-tracker
https://www.iea.org/data-and-statistics/data-product/hydrogen-production-and-infrastructure-projects-database
https://h2eart.eu/wp-content/uploads/2024/01/H2eart-for-Europe_Report_Role-of-UHS-in-Europe.pdf
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access to infrastructure and to create viable business models, particularly in the 
early stages when public support may be needed to get projects off the ground. 
The most notable milestones of the past year include:51 

 RWE (Germany). Took FID for the Epe-H2 project (115 GWh/3.4 kt H₂), 
Germany’s first commercial hydrogen salt cavern storage facility, now under 
construction with 70% federal and 30% state funding and commercial operation 
targeted for 2027. 

 EWE (Germany). Completed the HyCAVmobil pilot in a salt cavern in Rüdersdorf 
(0.2 GWh/6 t H₂) in December 2024. Under the Clean Hydrogen Coastline project, 
EWE is preparing conversion of underground natural gas storage caverns at 
Wesermarsch, commissioning Neuman & Esser in March 2025 to supply 
compressors for a repurposed salt cavern (60 GWh/1.8 kt H₂), with first operations 
targeted for 2027. 

 Storag Etzel (Germany). Started hydrogen filling of the H2Cast demonstration in 
May 2025 (3 GWh/90 t H₂), with operations expected by end-2026. In February 
2025, the company secured a contract with EnBW to develop new salt cavern 
hydrogen storage at Etzel with a geometric volume of around 0.8 million m³ 
(~200 GWh/6 kt H₂), targeting 2027 operations. 

 VNG (Germany). Secured EUR 60 million public funding through IPCEI for the 
Go! Speicher project at Bad Lauchstädt (August 2024) to convert an existing 
natural gas storage salt cavern for hydrogen storage (~140 GWh/4.1 kt H₂). 

 Uniper (Germany). Commissioned the Hydrogen Pilot Cavern project at a salt 
cavern in Krummhörn in August 2024 (1.8 GWh/54 t H₂), with testing ongoing, 
supported by EUR 2.4 million of regional public funding. 

 Enagás (Spain). Signed an agreement with Solvay in June 2025 to repurpose 
Solvay’s salt caverns originally developed for sodium carbonate production for 
hydrogen storage. 

 UK Oil & Gas. Announced completion of pre-FEED design in January 2025 by 
DEEP.KBB for an underground hydrogen storage salt cavern facility in Weymouth-
Dorset (24 caverns, 30.2 TWh/900 kt H₂), with the first cavern planned by 2032. 

 Pingmei Shenma (China). Began construction in November 2024 of a salt cavern 
in Henan (~4.5 GWh/135 t H₂), with operations planned for late 2025. 

 

Only a limited number of public consultations on underground hydrogen storage 
have been launched in the past year. Additional information on infrastructure 
needs may emerge in the coming months, following the launch of the Hydrogen 
Mechanism under the EU Energy and Raw Materials Platform in July 2025, as part 
of the European Hydrogen Bank. The first round of demand and supply matching 

 
 

51 A comprehensive list of project announcements related to the construction of new underground hydrogen storage facilities 
or the repurposing of existing natural gas storage facilities for hydrogen can be found in the IEA Hydrogen Infrastructure 
Database (September 2025). 

https://www.rwe-gasstorage-west.com/en/hydrogen/hydrogen-storage-epe-h2/
https://www.ewe.com/en/media-center/press-releases/2024/12/pioneering-work-hydrogen-storage-works-ewe-ag
https://fuelcellsworks.com/news/first-hydrogen-storage-milestone-achieved-by-ewe-in-rudersdorf
https://www.ewe.com/en/media-center/press-releases/2025/03/ewe-awards-contract-for-hydrogen-storage-project-in-northern-germany-to-neumanesserewe-ag
https://www.powermag.com/neuman-esser-receives-order-for-hydrogen-storage-project-in-northern-germany/
https://h2cast.com/news/detail/gasunie-and-storag-etzel-start-filling-hydrogen-caverns-and-constructing-the-above-ground-facility-for-the-h2cast-etzel-pilot-project
https://h2cast.com/
https://www.enbw.com/media/presse/docs/gemeinsame-pressemitteilungen/2025/250210_press-relase_storag-etzel-and-enbw-agree-on-next-step-for-large-scale-hydrogen-storage-at-the-etzel-site.pdf
https://www.vng.de/en/Pressestatements-IPCEI-Foerdermitteluebergabe-GoSpeicher
https://www.uniper.energy/hydrogen-pilot-cavern
https://www.enagas.es/es/sala-comunicacion/actualidad/notas-prensa/acuerdo-almacenamiento-hidrogeno-solvay/
https://fuelcellsworks.com/2025/01/27/h2/uk-oil-and-gas-advances-underground-hydrogen-storage-project-in-dorset-with-preliminary-design-by-deep-kbb-gmbh
https://chinahydrogen.substack.com/p/the-first-large-scale-deep-salt-cavern
https://energy.ec.europa.eu/news/new-eu-energy-and-raw-materials-platform-support-competitiveness-and-decarbonisation-european-2025-07-02_en
https://energy.ec.europa.eu/news/new-eu-energy-and-raw-materials-platform-support-competitiveness-and-decarbonisation-european-2025-07-02_en
https://www.iea.org/data-and-statistics/data-product/hydrogen-production-and-infrastructure-projects-database
https://www.iea.org/data-and-statistics/data-product/hydrogen-production-and-infrastructure-projects-database
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is planned for September 2025. The Mechanism may help to identify potential 
storage and transport infrastructure requirements (see Chapter 6 Policies). 

Table 4.5 Market surveys for selected underground hydrogen storage projects, 
Q3 2024 – Q2 2025 

Project Country Organiser Description 

French section 
of the 

hydrogen 
backbone 

Salt caverns 

France Storengy 

Non-binding call for interest 
received 26 responses - interest in fast-cycling 
storage for daily use rather than seasonal 
storage. Storage demand estimated at up to 
2.8 TWh/85 kt H2 by 2035. 

Gronau-Epe 
Salt cavern 

(repurposed) 
Germany RWE Gas 

Storage 

Has already sold 70% of its capacity; Binding 
tender for 30% of unbooked storage capacity 
available from 2028. 

Infrastructure at ports 
Ports are critical nodes in the global energy supply chain. In 2024, more than 40% 
of crude oil, 13% of natural gas (as liquefied natural gas [LNG]), nearly 40% of 
LPG and 18% of coal were globally traded, mainly by ship In 2023, the value of 
trade in fossil fuels was equivalent to USD 2.6 trillion, and accounted for about 
15% of global seaborne trade in economic terms. However, in tonnage terms, this 
share is larger, representing roughly 40% of all cargo. 

Energy trade by ship is central to the global economy, and its smooth operation is 
a cornerstone of energy security. Maritime transport allows for diversified supply 
routes, reducing reliance on fixed infrastructure such as pipelines, and enabling 
countries to tap into a wider range of suppliers. In addition, ports typically host 
substantial storage capacity, allowing countries to buffer short-term fluctuations in 
supply and demand. For example, Japan can store the equivalent of around 10% 
of its annual gas consumption in its LNG storage tanks at regasification terminals, 
and Spain around 8%52. Port-based facilities function as strategic assets for 
managing energy stocks, responding to crises and supporting market stability. 

Trade in chemical feedstocks, while smaller in volume, is closely linked to energy 
trade. Ammonia and methanol have long-established global markets as chemical 
feedstocks. Before LNG trade became widespread, both were used as means to 

 
 

52 These shares may vary over time, as natural gas demand fluctuates, but are provided here to give a sense of the order of 
magnitude. 

https://www.storengy.com/en/medias/news/storengy-launches-market-survey-underground-hydrogen-storage-france
https://www.storengy.com/en/medias/news/storengy-unveils-results-its-market-survey
https://direct.argusmedia.com/newsandanalysis/article/2678534
https://www.rwe.com/en/press/rwe-gasstorage-west-gmbh/2025-06-16-rwe-to-start-marketing-free-capacity-in-gronau-epe-hydrogen-storage-facility/
https://www.rwe.com/en/press/rwe-gasstorage-west-gmbh/2025-06-16-rwe-to-start-marketing-free-capacity-in-gronau-epe-hydrogen-storage-facility/
https://iea.blob.core.windows.net/assets/203eb8eb-2147-4c99-af07-2d3804b8db3f/StraitofHormuzFactsheet.pdf
https://www.igu.org/press-releases/2025-world-lng-report-press-release
https://safety4sea.com/wp-content/uploads/2024/06/LR_Fuel_for_Thought_LPG_Report_2024_06.pdf
https://www.iea.org/reports/coal-mid-year-update-2025/trade
https://www.iea.org/reports/energy-technology-perspectives-2024
https://www.iea.org/reports/energy-technology-perspectives-2024
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export natural gas from resource-rich regions,53 with ammonia shipped as a 
liquefied gas at -33°C and methanol as a liquid at ambient conditions. Today, 
global anhydrous ammonia54 trade amounts to around 20 Mtpa (equivalent to 
~3.5 Mtpa H₂), representing around 10% of global production. This is transported 
on liquefied gas tankers primarily serving the larger LPG market, as both products 
share similar handling requirements and boiling points, though ammonia55 trade 
remains smaller-scale. In addition, a significant share of ammonia-derived trade 
occurs in the form of solid fertilisers such as urea, which accounts for around 60% 
of global ammonia consumption; urea trade represents the equivalent of about 
16% of total ammonia production. Global methanol trade stands at around 
30 Mtpa (equivalent to ~6 Mtpa H₂), mainly supplying the chemical sector. 
Looking ahead, both ammonia and methanol may increasingly serve dual roles as 
chemical feedstocks and low-emissions fuels, potentially expanding traded 
volumes and reshaping logistics chains and port infrastructure requirements. 

Ports could play an important role in developing a more competitive liquid market 
for low-emissions hydrogen, hydrogen-based fuels and derivatives, providing 
advantages including: 

 Cost advantage: Providing access to lower-cost hydrogen and its derivatives 
produced in more favourable locations, even if distant. 

 Supplier diversity and flexibility: Enabling diversified import routes that can be 
adapted over time, reducing reliance on specific suppliers or countries and 
improving resilience to geopolitical risks, unlike fixed pipelines. 

 Storage and system resilience: Offering above-ground storage at import terminals 
to buffer market or logistical disruptions and provide back-up supply. 

 

Although trade in low-emissions hydrogen is expected to remain relatively small 
by 2030, even in the very unlikely case that all announced projects materialise 
(see section on Trade), a notable expansion of port infrastructure may still be 
required. If all announced projects realise, most traded volumes would be in the 
form of ammonia, which would imply handling volumes equivalent to almost 50% 
of today’s combined LPG and ammonia trade (Figure 4.6). Given the potential of 
ammonia and LPG to use similar infrastructure (albeit subject to different safety 
regulations) low-emissions hydrogen trade could drive significant investment in 
LPG/ammonia infrastructure, even at modest trade volumes. Over the longer term, 
if climate pledges are met and fossil fuel trade declines, growing trade in low-
emissions hydrogen-based fuels could reshape port infrastructure currently 

 
 

53 Several natural gas–rich countries used to convert natural gas into ammonia and methanol as a means to monetise their 
resources. This approach offered a practical export route at a time when LNG infrastructure was limited. In Trinidad and 
Tobago, for example, industrial-scale ammonia production began in 1959 and expanded significantly through the 1970s and 
1980s, making the country a major global exporter of both ammonia and methanol. 
54 Anhydrous ammonia is a pure form of ammonia containing over 99% ammonia and no water. 
55 Hereafter, the term “ammonia” refers to anhydrous ammonia. 

https://api.ifastat.org/reports/download/14325
https://www.methanol.org/wp-content/uploads/2023/05/Marine_Methanol_Report_Methanol_Institute_May_2023.pdf
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centred on fossil energy products. Accommodating this shift may require 
significant port redesigns to ensure appropriate safety zones for storing and 
handling hydrogen-based fuels, particularly where space is constrained. 

Figure 4.6 Seaborne trade of key energy products in 2024 and for low-emissions 
hydrogen based on announced projects in 2030 

 
IEA. CC BY 4.0. 

Notes: LPG = liquefied petroleum gas; LNG = liquefied natural gas; LH2 = liquid hydrogen.  
Source: IEA Hydrogen Production Projects Database (September 2025). 

Trade in low-emissions hydrogen remains limited in 2030 compared to global fuel trade, but 
announced projects would be equivalent to nearly 50% of current LPG and ammonia trade. 

Trade announcements for low-emissions hydrogen show 
diversified export infrastructure and expanding import capacity 
Based on announced projects, around 120 new hydrogen-based fuel terminals 
and port infrastructure developments are planned by the end of the decade. While 
the focus of the announcements is on ammonia handling, a larger number of 
methanol facilities are already under construction, mainly to support maritime 
bunkering. The announcements suggest a more diversified supply base across 
exporting ports compared to importing countries. In addition to earlier 
announcements in Australia, Brazil, Egypt, Namibia and Mauritania, further 
progress over the past year includes potential ammonia export infrastructure 
developments, such as the AM Green–Port of Rotterdam agreement for Indian 
exports, the Chbika project in Morocco, new projects in the Aqaba Special 
Economic Zone in Jordan, and more than USD 2 billion in engineering, 
procurement and construction (EPC) contracts awarded for the Ta’ziz chemicals 
hub port infrastructure in Ruwais, United Arab Emirates. 
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https://www.iea.org/data-and-statistics/data-product/hydrogen-production-and-infrastructure-projects-database
https://www.methanol.org/marine/
https://www.methanol.org/marine/
https://www.portofrotterdam.com/en/news-and-press-releases/am-green-and-port-rotterdam-authority-establish-green-energy-supply-chain
https://totalenergies.com/news/press-releases/renewables-green-hydrogen-te-h2-cip-and-ap-moller-capital-partner-large-scale
https://enterprise.news/climate/en/news/story/ecddfce5-6e1f-46c3-b98f-41378c6f752f/jordan-green-ammonia-signs-land-use-agreements-for-green-ammonia-plant
https://www.adnoc.ae/en/news-and-media/press-releases/2024/taziz-announces-over-2-billion-awards-for-key-infrastructure-projects
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Figure 4.7 Existing and announced port infrastructure projects for hydrogen and 
hydrogen-based fuels trade and bunkering 

 
IEA. CC BY 4.0. 

Source: IEA Hydrogen Infrastructure Projects Database (September 2025). 

Ports already handle ammonia in almost 60 countries and methanol in mor than 40, new 
facilities are planned in over 30 countries for ammonia and about 20 for methanol. 

Today, almost 60 countries have port terminals for handling ammonia and more 
than 40 for methanol. Traditionally, this infrastructure was concentrated on the 
export side in a few gas-rich countries for supply to a wider range of importers. In 
contrast, low-emissions hydrogen trade shows the reverse pattern: more than 
20 countries are planning new port infrastructure for ammonia exports, while 
import plans are concentrated in a significantly smaller number of countries, with 
new infrastructure planned in a few countries in Europe, and Japan and Korea.  

In Europe, Yara opened a new 3 Mtpa ammonia import terminal in Brunsbüttel, 
Germany, in October 2024. OCI is tripling capacity at its Rotterdam terminal to 
1.2 Mtpa by expanding its loading and unloading infrastructure, without adding 
new storage tanks, though progress has been delayed, partly due to updates to 
the Dutch ammonia storage and handling code. Other projects, such as 
Mabanaft’s planned terminal in Hamburg, Germany, have been postponed to 
2028, with the reason given being the absence of a clear EU regulatory framework, 
among other factors.  

https://www.iea.org/data-and-statistics/data-product/hydrogen-production-and-infrastructure-projects-database
https://www.yara.com/corporate-releases/yara-drives-hydrogen-economy-with-new-ammonia-import-terminal/
https://ammoniaenergy.org/articles/updated-pgs-12-code-preparing-for-increased-ammonia-imports-to-the-netherlands/
https://www.qcintel.com/ammonia/article/mabanaft-confirms-delay-to-hamburg-ammonia-terminal-37342.html
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In Korea, Samsung is building the ammonia import terminal that will serve the 
project awarded in the first CHPS tender (Table 4.1). With regards to policy 
developments, in Japan, the government launched a USD 39 million subsidy 
tender in March 2025 to cover 50% of FEED costs for hydrogen-related storage 
infrastructure, including import clusters.  

An increase in ammonia trade may lead to the development of ammonia cracking 
infrastructure where the final demand is for hydrogen rather than ammonia. In 
September 2024, the largest ammonia cracking pilot plant to date (15 ktpa 
ammonia) became operational at the port of Antwerp, Belgium (excluding larger 
legacy facilities such as Arroyito in Argentina). Another ammonia cracker is under 
construction in Gelsenkirchen-Scholven (Germany) by Uniper and thyssenkrupp 
Uhde, with a capacity of 28 t/day ammonia (~10 ktpa ammonia). In December 
2024, Air Liquide secured a EUR 110 million grant from the European Innovation 
Fund to develop, among others, a large-scale ammonia cracker at the same port. 
In Korea, a small facility in the Chungbuk Special Zone  became operational in 
October 2024. In April 2025, KBR was awarded a second ammonia cracking 
technology contract by Hanwha for power generation in Korea, with a capacity of 
214 t/day H₂ (~400 ktpa ammonia), following an earlier contract in 2023. 
Additional facilities are under assessment in several ports, with recent public 
consultations on ammonia infrastructure also gauging market interest for ammonia 
cracking capacity (Table 4.6). 

Table 4.6 Market surveys on selected ammonia above-ground storage facilities at 
ports, Q3 2024 – Q2 2025 

Location Organiser Description 

Port of Rotterdam 
(Netherlands) Chane Non-binding call of interest for a new ammonia 

import terminal. 

Port of Rotterdam 
(Netherlands); 

Port of Antwerp 
(Belgium) 

VTTI 

Non-binding call of interest for its Amplifhy 
Rotterdam and Antwerp projects to assess ammonia 
and cracking infrastructure needs; the project has 
now moved to negotiation of Heads of Agreements in 
response to strong demand. 

Port of Vlissingen 
(Netherlands) LBC Non-binding call of interest for ammonia and 

cracking infrastructure. 

Port of Antwerp 
(Belgium) Vopak Non-binding call of interest for a new ammonia 

import terminal. 
 

Most low-emissions hydrogen export projects currently plan to ship hydrogen in 
the form of ammonia or via pipelines as compressed hydrogen. Trade in liquefied 
hydrogen remains at a lower level of technological readiness,56 with no firm 

 
 

56 More information on the status of hydrogen liquefaction, storage and liquefied hydrogen tankers is available in the ETP 
Clean Energy Technology Guide.  

https://news.samsungcnt.com/en/features/engineering-construction/2024-07-samsung-cnt-is-building-koreas-first-ammonia-import-terminal-for-co-firing-power-generation/
https://www.meti.go.jp/main/yosan/yosan_fy2025/pr/pdf/pr_gx.pdf
https://direct.argusmedia.com/newsandanalysis/Article/2616937
https://www.uniper.energy/news/uniper-and-thyssenkrupp-uhde-join-forces-for-key-technology-of-the-global-hydrogen-economy
https://www.uniper.energy/news/uniper-and-thyssenkrupp-uhde-join-forces-for-key-technology-of-the-global-hydrogen-economy
https://www.airliquide.com/group/press-releases-news/2024-12-10/air-liquide-receives-eu-support-develop-first-large-scale-project-production-liquefaction-and
https://www.mss.go.kr/site/eng/ex/bbs/View.do?cbIdx=244&bcIdx=1054101
https://www.kbr.com/en/insights-news/press-release/kbrs-ammonia-cracking-technology-selected-hanwha-hydrogen-project-korea
https://www.kbr.com/en/insights-news/press-release/kbrs-ammonia-cracking-technology-selected-hanwha-hydrogen-project-korea
https://chane.eu/open-season-for-chanes-rotterdam-ammonia-import-terminal-development/
https://www.vtti.com/launch-of-open-season-for-ammonia-storage-and-ammonia-cracking-capacity-at-vttis-terminals-in-rotterdam-and-antwerp/
https://www.vtti.com/vtti-moves-to-next-phase-of-its-open-season-for-project-amplifhy-following-strong-market-interest/
https://www.lbctt.com/news/launch-of-open-season-for-ammonia-storage-and-ammonia-cracking-capacity-at-lbc-vlissingen/
https://www.vopak.com/newsroom/news/news-vopak-energy-park-antwerp-starts-market-consultation-ammonia-storage?language_content_entity=en
https://www.iea.org/data-and-statistics/data-tools/etp-clean-energy-technology-guide?layout=trl&selectedTechID=6d246f0c
https://www.iea.org/data-and-statistics/data-tools/etp-clean-energy-technology-guide?layout=trl&selectedTechID=6f7f72f7
https://www.iea.org/data-and-statistics/data-tools/etp-clean-energy-technology-guide?layout=trl&selectedTechID=4241e551
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investment commitments for large-scale infrastructure as yet. Over the past year, 
several agreements have been signed to explore potential liquid hydrogen (LH2) 
corridors, including Singapore-based Keppel’s conditional offtake agreement with 
Woodside for LH2 from Australia; a joint development agreement between the Port 
of Duqm (Oman), the Port of Amsterdam (Netherlands), and the Port of Duisburg 
(Germany) for an LH2 corridor; and an agreement between Ecolog and Tata Steel 
to explore LH2 trade from Norway to the Port of Amsterdam. 

Feasibility of first low-emissions hydrogen exports will depend 
on access to brownfield port sites or natural shelters 
Using existing port sites offers important advantages for low-emissions hydrogen 
export projects, as brownfield developments can reduce capital costs and 
accelerate project timelines. Existing ports often provide deep-water access, 
available processing space and integrated logistics networks that facilitate faster 
deployment. Nevertheless, almost 60% of planned low-emissions hydrogen 
projects targeting trade by 2030 are for development in EMDEs (excluding China), 
where suitable port infrastructure may not always be available. In such cases, 
particularly in remote areas aiming to harness high-quality renewable resources, 
greenfield port development or major expansions may be required. However, long 
lead times and high capital requirements could have a significant impact on the 
overall feasibility of low-emissions hydrogen export projects. 

Figure 4.8 Indicative investment and levelised cost for ammonia export terminal 
infrastructure by utilisation rate and illustrative port archetype 

 
IEA. CC BY 4.0. 

Notes: BW = Breakwater; Port 1 = Naturally sheltered jetty port; Port 2 = Naturally sheltered quay wall port; Port 3 = Open 
coastal jetty port with small breakwater; Port 4 = Open coastal jetty port with large breakwater. 
Source: IEA analysis based on data from the Port of Rotterdam. 

Port costs are low for sheltered, highly utilised terminals, but a need for costly breakwaters 
and low utilisation rates can undermine the case for low-emissions ammonia exports. 
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https://www.keppel.com/media/woodside-and-keppel-sign-offtake-term-sheet-for-liquid-hydrogen/
https://www.gasunie.nl/en/news/historic-agreement-signed-for-worlds-first-liquid-hydrogen-import-corridor-between-oman-the-netherlands-and-germany
https://h2amsterdam.com/ecolog-and-tata-steel-collaborate-on-a-liquid-hydrogen-and-co2-corridor-between-norway-and-amsterdam/
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The location of new ports will be influenced not only by land availability, but also 
by geographic and environmental conditions. Water depth is critical to 
accommodate large vessels used for transporting energy products, particularly 
liquefied gases, though liquefied hydrogen may require less draft (depth) due to 
its lower density. Weather conditions such as wind, waves and currents also play 
a key role in determining the operational reliability of port infrastructure. Access to 
natural or artificial shelter reduces downtime by limiting periods when loading and 
unloading cannot be conducted safely. Excessive downtime can undermine the 
economic viability of a port and means that larger storage capacity is needed to 
maintain operational continuity, which can substantially increase costs, particularly 
for liquefied gas storage. Mitigation options include relocating berths, selecting 
alternative sites, or building breakwaters to reduce wave exposure, which can be 
costly. Port site selection and infrastructure design therefore requires careful 
consideration of potential trade-offs. 

Port terminal costs include several major components, notably for the berth 
(covering elements such jetties, mooring piles and quay walls57), superstructure, 
dredging, land preparation, and potentially a breakwater. Figure 4.8 illustrates the 
cost of a jetty capable of receiving vessels up to very large gas carrier size; 
accommodating larger ships, comparable to today’s LNG tankers, would require 
larger and more costly jetties (although the incremental cost increase is relatively 
modest). When no breakwater is required, berth costs typically account for around 
one-third of total terminal costs at jetty ports. At quay-wall ports, berth costs are 
roughly three times higher and therefore represent a larger share. Superstructure 
costs are similar in absolute terms across both configurations, but they account 
for a larger share at jetty ports and a smaller share at quay-wall ports due to their 
higher berthing costs. 

The superstructure – loading arms, manifolds, pipelines and support frames for 
the safe transfer of hydrogen and its derivatives – varies depending on the carrier. 
For methanol and liquid organic hydrogen carriers (LOHC), superstructure costs 
are similar than for oil product terminals, and roughly 20% lower than for ammonia. 
In contrast, LH2 would require significantly more complex and costly 
superstructures due to its very low boiling point (-253°C compared to – 33°C for 
ammonia and -162°C for LNG), requiring advanced cryogenic piping and loading 
systems. Breakwater construction can add substantial cost, ranging from 
EUR 100 million to EUR 1 billion depending on site-specific factors, particularly 
water depth, and may translate into a levelised cost of up to EUR 0.5/kg H₂-eq at 
low utilisation rates, for example when production volumes are still limited. While 
breakwaters improve operational reliability by reducing downtime, their high cost 
may offset potential advantages from siting terminals in locations with excellent 

 
 

57 A jetty is a structure projecting into the water to allow vessels to berth offshore, while a quay wall is constructed parallel to 
the shoreline, providing linear space for multiple berths directly along the coast. 
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renewable energy resources, particularly wind. Several approaches can help 
reduce the capital burden of port infrastructure for low-emissions hydrogen, 
primarily by maximising asset utilisation: 

 Hydrogen hubs: clustering production. Concentrating multiple producers 
near the port increases throughput, improves utilisation rates and strengthens 
the business case for shared storage and export infrastructure. These hubs 
often develop within free zones or special economic zones, which may offer 
regulatory flexibility, tax incentives and integrated logistics. Several announced 
projects are in Jordan’s Aqaba Free Zone, Egypt’s Ain Sokhna within the Suez 
Canal Economic Zone, and Oman’s Port of Duqm in the Duqm Special 
Economic Zone. By centralising production, storage and export facilities, these 
hubs could reduce costs and enable more efficient infrastructure development. 
Demand is already relatively concentrated (see Chapter 2 Hydrogen demand) 
with low-emissions hydrogen expected to arrive at key distribution points for 
further inland delivery. 

 Multi-molecule terminals: flexible handling. Designing terminals to 
accommodate multiple molecules (e.g. ammonia, methanol, LNG or CO2) 
allows operators to share infrastructure across carriers, lowering unit handling 
costs. In such cases, quay walls, though more expensive than jetties, offer 
greater flexibility by providing extensive berthing space that can be divided to 
handle different molecules with distinct loading systems and allow for 
simultaneous operations. In contrast, jetties offer more limited operational 
flexibility (see next section). 

 Common-user infrastructure: enabling industrial clusters. Developing 
dedicated port infrastructure for a single commodity can be costly, but shared 
facilities serving multiple users and sectors can improve utilisation, reduce 
costs, and support broader industrial development. In Chile, the Cabo Negro 
Industrial Park in the Magallanes Strait aims to attract a range of industries, 
including hydrogen production, with ENAP and EDF signing an agreement to 
use the site for ammonia exports. In Namibia, expansion of the Port of Walvis 
Bay is being positioned as a platform for industrialisation and manufacturing, 
and there are plans for a EUR 250 million hydrogen and ammonia export 
terminal built by the Port of Antwerp-Bruges. 

 Offshore terminals: phasing investments. Floating terminals can offer a 
cost-effective and flexible alternative to fixed infrastructure, requiring lower 
upfront capital and allowing for leasing structures, thus shifting part of the 
investment to operating costs and providing financial flexibility. Terminals are 
relocatable, enabling adaptation to changing market conditions, and can serve 
as interim solutions during phased port development when cargo volumes 
remain limited or uncertain. However, they require favourable weather and sea 
conditions with generally sheltered locations. Several concepts for ammonia 
floating storage and regasification units (FSRUs) are advancing, although the 
technology has still to be demonstrated. In recent years, ClassNK has issued 

https://petra.gov.jo/Include/InnerPage.jsp?ID=68456&lang=en&name=en_news&cat=en_news
https://www.weforum.org/publications/unleashing-the-full-potential-of-industrial-clusters-infrastructure-solutions-for-clean-energies/
https://www.weforum.org/publications/unleashing-the-full-potential-of-industrial-clusters-infrastructure-solutions-for-clean-energies/
https://www.cabonegro.cl/proyecto
https://www.cabonegro.cl/proyecto
https://chile.edf.com/es/noticias/edf-y-enap-firman-acuerdo-para-el-uso-del-complejo-industrial-cabo-negro-en-magallanes
https://www.hydrogeninsight.com/production/belgian-port-plans-to-build-250m-hydrogen-and-ammonia-export-terminal-in-namibia/2-1-1637210
https://www.hydrogeninsight.com/production/belgian-port-plans-to-build-250m-hydrogen-and-ammonia-export-terminal-in-namibia/2-1-1637210
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Approvals in Principle for designs developed by MOL and Mitsubishi 
Shipbuilding, as well as NYK Line, Nihon Shipyard and IHI. In addition, Single 
Point Mooring Terminals are also being considered. 

Multi-molecule terminals could make infrastructure fit for more 
users 
As the energy transition advances, ports are set to play an even more vital role, 
serving as gateways for fossil fuels and low-emissions fuels and feedstocks, as 
well as logistical anchors for CO₂ transport and storage infrastructure. However, 
planning this infrastructure in isolation for each “molecule” may be less efficient 
and more costly. With legacy fossil fuel infrastructure and emerging low-emissions 
carriers likely to coexist for some time, developing multi-molecule terminals could 
present a strategic opportunity to optimise existing assets, reduce redundancy and 
mitigate the risk of future stranded fossil infrastructure. Key advantages of such 
an approach include: 

 Phased transition and operational flexibility. Existing terminals can be 
incrementally adapted to enable the coexistence of fossil and low-emissions 
fuels, providing operational flexibility amid evolving market demand. These 
multi-molecule terminals have the potential to become integrated energy hubs, 
supporting the trade and storage of alternative fuels and facilitating the early 
deployment of low-emissions bunkering hubs. They can also provide services 
that offer system flexibility, such as virtual liquefaction. 

 Economies of scope: reduced infrastructure needs and enhanced cost 
efficiency. Co-locating multiple molecules within existing port terminals, 
whenever possible, reduces the need for new infrastructure. Even when 
different molecules are handled in adjacent rather than integrated terminals, 
the shared use of assets like deep-water berths, grid connections and road 
access can reduce costs and accelerate construction timelines compared to 
building separate infrastructure for each molecule. However, safeguards must 
be in place to prevent co-mingling and ensure quality control, particularly where 
low-emissions fuels share infrastructure with conventional fuels, including 
robust traceability and verification systems such as fuel fingerprinting and well-
to-wake carbon intensity monitoring. 

 Land use and social licence to operate. Consolidation within existing 
terminals can reduce land requirements and can benefit from existing zoning 
regulations and community relations. However, introducing new or hazardous 
(e.g. toxic or cryogenic) substances may still raise challenges for regulatory and 
social acceptance. 

 Cryogenic process integration. Using the cold energy released during LNG 
evaporation to liquefy CO₂ reduces energy demand and costs, while improving 
the efficiency of the overall LNG regasification–CO₂ liquefaction process. If 
hydrogen is eventually traded as liquefied hydrogen, the energy released 
during evaporation at the receiving terminal could be used to meet other cooling 
demands. 

https://www.classnk.or.jp/hp/en/hp_news.aspx?id=10682&type=press_release&layout=1
https://www.classnk.or.jp/hp/en/hp_news.aspx?id=10682&type=press_release&layout=1
https://www.ihi.co.jp/en/all_news/2022/resources_energy_environment/1198133_3488.html


Global Hydrogen Review 2025 Chapter 4: Hydrogen trade and infrastructure 

PAGE | 152 IE
A.

 C
C 

BY
 4

.0
. 

Table 4.7 Adapting terminals: pathways for multi-molecule ports 

Adaptation type Molecule and 
source Infrastructure needs 

Established 
molecule trade, 

new source 

Biomethane 
Synthetic methane 

Can use current LNG infrastructure, as their physical 
properties are similar to those of fossil-based natural 
gas. 

Biofuels 
Synthetic liquid 

fuels 

Drop-in fuels such as SAF (similar to kerosene) 
could use existing infrastructure for refined oil 
products. * 

Established 
molecule trade, 
new scale and 

source 

Low-emissions 
ammonia 

If global trade in ammonia grows, existing and new 
ammonia terminals should be scaled up. In some 
cases, LPG terminals could be repurposed to handle 
ammonia, provided safety and technical 
requirements are met. 

Low-emissions 
methanol 

An increase in methanol trade would require scaling 
up dedicated chemical tanker fleets and supporting 
infrastructure to accommodate higher volumes. 

LOHCs 
LOHC could utilise existing chemical and oil product 
logistic chains, handled similarly to other bulk 
chemicals. 

New molecule 
trade, 
new 

infrastructure 
needs 

Liquefied H2 
Highly insulated cryogenic storage tanks and 
transfer systems that can handle temperatures of 
- 253°C. 

Liquefied CO2 
Pressurised, refrigerated storage tanks and 
dedicated transfer equipment to manage CO₂ 
at -35°C to -15°C and 12–25 bar. 

* Most ports today handle both crude oil and refined products (like gasoline, diesel, and jet fuel), though crude oil volumes 
are larger. Synthetic fuels would typically be managed like other refined products. 
 

Several projects are exploring the development of multi-molecule port terminals 
that could handle hydrogen, ammonia and other low-emission fuels, and CO2 
(Table 4.8). Most remain at early conceptual stages, with limited information 
available on technical feasibility, economic viability, and integration with existing 
infrastructure More than 110 ports associated with announced low-emissions 
hydrogen and CCUS projects present opportunities for multi-molecule handling, 
particularly in Europe, the Asia-Pacific region and the Middle East (Figure 4.9), 
with synergies most frequently identified between adjacent ammonia, methanol 
and LNG regasification terminals. 
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Table 4.8 Projects exploring the potential of multi-molecule port terminals 

Project Location Existing 
infrastructure Potential adaptation of infrastructure 

Medhyterra 
Fos Tonkin 

terminal, 
France 

LNG 
regasification 

Partial redevelopment of the LNG 
terminal into a low-emissions ammonia 
import facility, combining use of existing 
infrastructure with new dedicated 
assets for ammonia. 

Musel E-Hub Port of Gijón, 
Spain 

LNG 
regasification 

Enagás, one of the owners of the LNG 
regasification plant and the University 
of Oviedo signed an agreement to 
conduct a techno-economic study on 
adapting the LNG terminal into a multi-
molecule facility. 

Madoqua 
Project 

Port of Sines, 
Portugal New 

Considering the construction of an 
ammonia, methanol, liquid CO2 and 
SAF hub. 

Namikata 
terminal Imabari, Japan LPG import 

Seven companies plan to repurpose a 
1 Mtpa LPG and petroleum products 
site into an ammonia import hub by 
2030, including conversion of 
45 kt LPG refrigerated tanks for 
ammonia storage. 

IHI conversion Various ports, 
Japan 

LNG 
regasification 

IHI studying LNG terminal conversion 
for ammonia, with modifications 
planned post-2025 for co-firing in 
turbines. 

Zeebrugge 
Multi-molecule 

Hub 

Port of 
Zeebrugge, 

Belgium 

LNG 
regasification 

Assessing potential for reconfiguration 
into a multi-molecule hub for importing 
H2, ammonia, biomethane and 
synthetic methane, and exporting CO₂, 
with a call for interest in 2024 to assess 
market demand. 

Wilhelmshaven 
green 

hydrogen hub 

Port of 
Wilhelmshaven, 

Germany 
LPG import 

Plans for building a new ammonia 
cracker and reusing existing oil 
pipelines for hydrogen transport. 

Mid West 
Clean Energy 

Project 
Western 
Australia New 

Planning a jetty-less offshore facility 
designed for ammonia exports and CO₂ 
handling en route to storage. 

ApolloCO2 
Project 

Port of 
Revythoussa, 

Greece 

LNG 
regasification 

Use of residual cold energy from LNG 
regasification at the Revythoussa 
terminal to liquefy captured CO₂ to 
transport it to its storage site.  

H2 & CO2 
terminal in 

Afrikahaven 

Port of 
Amsterdam, 
Netherlands 

New 

ECOLOG is developing a new 
combined LH2 and CO2 terminal, where 
the cold energy from the LH2 
regasification would be used to liquefy 
CO2. 

https://www.elengy.com/en/media/our-projects-making/medhyterra-low-carbon-ammonia-import-terminal-fos-tonkin-site
https://www.enagas.es/es/sala-comunicacion/actualidad/notas-prensa/catedra-universidad-oviedo/
https://madoquapower2x.com/the-project/
https://madoquapower2x.com/the-project/
https://www.kbr.com/en/insights-news/stories/kbr-heart-europes-green-energy-future
https://ammoniaenergy.org/articles/namikata-terminal-to-be-repurposed-into-an-ammonia-ready-clean-energy-hub/
https://ammoniaenergy.org/articles/namikata-terminal-to-be-repurposed-into-an-ammonia-ready-clean-energy-hub/
https://www.reuters.com/business/energy/japans-ihi-study-converting-lng-terminals-into-ammonia-based-facilities-2023-01-25/
https://www.fluxys.com/en/projects/zeebrugge-multi-molecule-hub
https://www.fluxys.com/en/projects/zeebrugge-multi-molecule-hub
https://www.fluxys.com/en/projects/zeebrugge-multi-molecule-hub
https://www.uniper.energy/solutions/energy-transformation-hubs/energy-transformation-hub-northwest/green-wilhelmshaven
https://www.uniper.energy/solutions/energy-transformation-hubs/energy-transformation-hub-northwest/green-wilhelmshaven
https://www.uniper.energy/solutions/energy-transformation-hubs/energy-transformation-hub-northwest/green-wilhelmshaven
https://www.pilotenergy.com.au/wp-content/uploads/Pilot-Energy-MWCEP-Ammonia-Project.pdf
https://www.pilotenergy.com.au/wp-content/uploads/Pilot-Energy-MWCEP-Ammonia-Project.pdf
https://www.pilotenergy.com.au/wp-content/uploads/Pilot-Energy-MWCEP-Ammonia-Project.pdf
https://www.desfa.gr/en/innovation-green-gases/participation-in-projects-2/prinos-offshore-storage-at-prinos-field-for-emissions-from-el-by-pipeline-and-from-bg-hr-cy-el-it-and-si-by-ship/
https://www.desfa.gr/en/innovation-green-gases/participation-in-projects-2/prinos-offshore-storage-at-prinos-field-for-emissions-from-el-by-pipeline-and-from-bg-hr-cy-el-it-and-si-by-ship/
https://fuelcellsworks.com/2025/07/21/h2/ecolog-builds-hydrogen-and-co2-terminal-in-the-port-of-amsterdam
https://fuelcellsworks.com/2025/07/21/h2/ecolog-builds-hydrogen-and-co2-terminal-in-the-port-of-amsterdam
https://fuelcellsworks.com/2025/07/21/h2/ecolog-builds-hydrogen-and-co2-terminal-in-the-port-of-amsterdam


Global Hydrogen Review 2025 Chapter 4: Hydrogen trade and infrastructure 

PAGE | 154 IE
A.

 C
C 

BY
 4

.0
. 

Hybrid operations at port terminals can create important synergies by allowing 
infrastructure to accommodate multiple energy carriers and molecules. However, 
strict application of unbundling rules designed for single-carrier systems may limit 
operators’ ability to capture these synergies. Maintaining reasonable unbundling 
frameworks that ensure non-discriminatory access and transparency,58 while 
allowing integrated operators to co-manage multiple services within one facility, 
can help support innovation, reduce duplication of assets, and improve the 
business case for terminal investments. Flexibility in regulatory design will be 
important to ensure that competition concerns are addressed without hindering 
efficient infrastructure development. 

Figure 4.9 Identified synergies between existing and announced port infrastructure 
projects that could enable multi-molecule terminals  

 
IEA. CC BY 4.0. 

Notes: Only operational and under construction regasification and liquefaction projects have been considered. For 
ammonia, methanol and CO2 terminals, those in operation, under construction, or in an advanced stage for FID decision 
have been included. Terminals located within 50 km of at least one other terminal handling a different carrier are included, 
as a proxy for potential multi-molecule integration opportunities, irrespective of whether facilities belong to the same or to 
nearby ports.  
Sources: IEA Hydrogen Infrastructure Projects Database (September 2025) and IEA CCUS Projects Database (2025). 

In more than 110 port areas, synergies between existing and announced projects could 
create potential to handle multiple molecules within the same terminal or port. 

 
 

58 The European Commission’s Hydrogen and Gas Decarbonisation Package, adopted in May 2024, proposes updated 
unbundling provisions for hydrogen network operators, aiming to ensure non-discriminatory access and transparency while 
allowing integrated operators to manage multiple services within one facility. 

https://www.iea.org/data-and-statistics/data-product/hydrogen-production-and-infrastructure-projects-database
https://www.iea.org/data-and-statistics/data-tools/ccus-projects-explorer
https://energy.ec.europa.eu/topics/markets-and-consumers/hydrogen-and-decarbonised-gas-market_en
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Existing port infrastructure may be a springboard for enabling 
fuel bunkering of low-emissions hydrogen-based fuels 
Maritime fuel bunkering59 accounts for around 2.5% of total global final energy 
demand, but more than 6% of global annual oil use. Shipping is widely regarded 
as a sector in which emissions are hard to abate, due to the limited availability of 
low-emissions fuel alternatives (see Chapter 2 Hydrogen demand). Hydrogen-
based low-emissions fuels, such as ammonia, methanol and hydrogen, could play 
an increasingly important role in decarbonising shipping; however, their use would 
require adaptations to both ships and bunkering infrastructure. 

The adoption of these fuels in shipping depends on three linked developments: 
(1) strong demand signals through global GHG regulations, such as the 
forthcoming International Maritime Organization (IMO) Net-Zero Framework 
expected in October 2025 (see Chapter 2 Hydrogen demand); (2) the commercial 
deployment of compatible propulsion technologies (see Chapter 5 Investment and 
innovation); (3) and the scaling-up of fuel supply alongside the infrastructure 
needed to safely store, handle and bunker these fuels. Ports will play a critical role 
as anchorage points in the global low-emissions fuel supply chain, and their 
readiness will be essential for the uptake of low-emissions hydrogen-based fuels 
in maritime transport. 

Marine fuel consumption is highly concentrated in a small number of major ports. 
Singapore alone supplies around one-fifth of global demand, with bunker fuel 
sales reaching a record 54.9 Mt in 2024, a 6% year-on-year increase, partly due 
to longer Asia–Europe routes via the Cape of Good Hope amid Red Sea 
disruptions. The top 17 ports together account for more than 60% of marine fuel 
consumption. This concentration suggests that developing fuel bunkering 
infrastructure for alternative fuels in just a few key ports could enable the supply 
of hydrogen-based and other low-emissions fuels to a large share of the global 
fleet and principal shipping routes. 

Bunkering activity is typically concentrated in locations that offer cost and 
operational advantages (Figure 4.10). These include areas with dense shipping 
traffic, where economies of scale can be maximised, which are often close to key 
maritime chokepoints such as the Straits of Malacca, Gibraltar, Hormuz and the 
Panama Canal. High-traffic ports like Rotterdam and Singapore further reduce 
costs by enabling fuel bunkering during cargo operations (loading and unloading), 
minimising idle time. Intermediate ports along major trade routes, such as Las 
Palmas (Canary Islands) and Durban (Cape of Good Hope), also enable refuelling 
without significant detours, saving both time and fuel. Ports near large refineries, 
such as Fujairah, Houston and Rotterdam, benefit from shorter supply chains and 

 
 

59 Throughout this section, “bunkering” refers exclusively to the supply and storage of fuel for ships, and not to general 
commodity storage. 

https://www.mpa.gov.sg/media-centre/details/strong-growth-momentum-for-maritime-singapore
https://iea.blob.core.windows.net/assets/34511d5d-8dc8-42a2-8faf-b83606cffced/EnergyTechnologyPerspectives2024.pdf
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lower logistics costs. Fiscal incentives, including tax advantages or duty 
exemptions, further reduce costs, such as in the petroleum free zones60 around 
the Panama Canal. Together, these factors encourage vessels to bunker where it 
is cheapest, fastest and most convenient. Similar considerations are expected to 
shape the development of alternative fuel bunkering, with a key question being 
whether today’s major hubs will retain their logistical, infrastructural and economic 
advantages over potential emerging low-emissions fuels hubs. 

Figure 4.10 Major shipping routes, key ports by cargo type and main marine fuel 
bunkering ports, 2022 

 
IEA. CC BY 4.0. 

Note: The map displays 114 high-traffic ports worldwide, categorised by main activity as container, dry bulk or tanker. 
Some of these ports also serve as major bunkering ports. 
Source: Adapted from IEA (2024), Energy Technology Perspectives.  

Major bunkering ports are located near high-traffic maritime routes, as well as refineries, 
minimising detours and reducing costs through economies of scale. 

The viability of investing in low-emissions hydrogen-based fuel bunkering will 
depend on ports’ ability to strike the right balance across three dimensions: access 
to competitively priced low-emissions hydrogen-based fuels (whether produced 

 
 

60 A petroleum free zone is a designated area, typically within or near a major port, where petroleum products can be imported, 
stored, blended, and re-exported under preferential tax and customs conditions, offering competitive advantages for 
international bunkering and fuel trade. 

https://businesspanama.com/es/invest-in-panama/panama-special-economic-zones/petroleum-free-zones/
https://iea.blob.core.windows.net/assets/25e2dab4-fe00-4e97-81e8-8f900ad5a0b6/EnergyTechnologyPerspectives2024.pdf
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nearby or imported), the ability to establish necessary bunkering infrastructure, 
and favourable shipping economies, including sufficient traffic to justify 
infrastructure investment, minimal detours, and cargo segments that can more 
readily absorb higher fuel costs, particularly in the early stages. 

Availability of low-emissions hydrogen near major ports 
Based on announced low-emissions hydrogen projects expected by 2030, more 
than 130 of today’s main ports (including the principal cargo and marine bunkering 
ports shown in Figure 4.10) could have capacity for more than 100 ktpa of 
hydrogen production located within a 500 km radius, and almost 150 ports could 
access at least 50 ktpa. This indicates that a substantial volume of low-emissions 
hydrogen may be available near existing global ports, though the scale and 
distribution of supply vary considerably across regions. 

Figure 4.11 Low-emissions hydrogen-based fuels produced close to ports by 2030 
based on announced projects, and main ports today 

 
IEA. CC BY 4.0. 

Notes: This figure represents the potential low-emissions hydrogen supply within a 500 km radius of each port if all 
announced projects targeting operation by 2030 materialise, regardless of announced end-use. Potential overlaps between 
nearby ports are not accounted for, so figures represent non-additive, indicative supply per port rather than exclusive or 
realised volumes. Only those ports whose supply of low-emissions hydrogen would exceed 50 ktpa are illustrated. 
Source: IEA Hydrogen Production Projects Database (September 2025). 

By 2030, over 130 major ports could have access to 100 ktpa of hydrogen, with almost 70% 
of production located within 500 km of a major port. 

https://www.iea.org/data-and-statistics/data-product/hydrogen-production-and-infrastructure-projects-database
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For example, Singapore, the world’s largest bunkering hub, with nearly 55 Mt of 
marine fuel supplied in 2024, has only around 130 ktpa of low-emissions hydrogen 
expected within a 500 km radius, equivalent to less than 700 ktpa of methanol, or 
just 1.2% of its current bunkering volume in mass terms. This suggests that large-
scale imports at competitive prices would be required to support hydrogen-based 
fuel bunkering. In contrast, Rotterdam, the second-largest bunkering port, with 
around 10 Mt supplied in 2024, is located near 3.8 Mtpa of announced low-
emissions hydrogen production, equivalent to 20 Mtpa of methanol. While this 
volume is subject to competing demand, it could offer a favourable starting point 
to support low-emissions hydrogen-based fuels bunkering. 

Hydrogen supply prospects vary widely across major ports and cannot easily be 
generalised by cargo segment, given that they heavily depend on specific 
geographic and locational factors. Even so, a larger share of main tanker and dry 
bulk ports are located near significant volumes of announced low-emissions 
hydrogen projects than container ports. In China, for example, most announced 
hydrogen projects are located inland of major container ports, with limited 
availability near coastal hubs. However, China is advancing the development of 
long-distance hydrogen pipelines from provinces such as Hebei and Shanxi, which 
could enable major southern coastal cities to access low-emissions hydrogen at 
competitive prices. Elsewhere, several dry bulk export ports, including 
Nouadhibou (Mauritania) and Mejillones (Chile), are located near substantial 
volumes of announced hydrogen production (exceeding 0.8 Mtpa and 0.4 Mtpa by 
2030, respectively). Key tanker export ports in the Middle East and in Texas and 
Louisiana (United States) have large volumes of low-emissions hydrogen from 
announced projects in proximity, whereas import-oriented ports in the Asia-Pacific 
region have comparatively little local supply. In Europe, the port of Algeciras 
(Spain) has over 0.8 Mtpa of production from announced low-emissions hydrogen 
projects within a 500 km radius, and the ports of Antwerp (Belgium) and Le Havre 
(France) each have more than 2 Mtpa of production from hydrogen projects within 
the same radius. 

Hydrogen availability alone may not ensure fuel supply, as methanol also requires 
a sustainable carbon source, which is often uncertain. While methanol engines 
are commercially available, ammonia propulsion is not, and poses significant port 
handling challenges. These factors will shape which fuels and ports can viably 
support low-emissions bunkering in the near term. 

 

 

https://www.portofrotterdam.com/en/news-and-press-releases/maritime-shipping-bunkered-slightly-less-fuel-rotterdam-2024-demand-lng
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Infrastructure readiness for low-emissions hydrogen fuels at ports 
Today’s marine fuels are predominantly liquid, with only about 6% comprising LNG 
and LPG, which are both gaseous at ambient conditions. LPG is generally not 
bunkered, but is used by LPG carriers that consume part of their cargo as fuel. 
Transitioning to hydrogen-based fuels would require additional changes to existing 
port infrastructure and fuel handling systems, requiring investment, land 
allocation, new construction and permitting. 

Ammonia and methanol, while already handled in many ports as chemical cargoes 
(Figure 4.7), require dedicated fuel bunkering infrastructure when used as marine 
fuels, due to their specific operational and safety requirements. Methanol, a liquid 
at ambient conditions, is classified and regulated primarily as a chemical. 
Ammonia and hydrogen, both gaseous under ambient conditions, require 
liquefaction or pressurisation for storage and transfer. For hydrogen, cryogenic 
storage is used, and for ammonia, this is refrigerated, pressurised, or a 
combination of both, under strict safety and environmental standards. However, 
ammonia may have a degree of compatibility with existing LPG infrastructure, 
which is available at more than 1 000 port storage facilities worldwide, offering 
opportunities for repurposing with appropriate retrofitting for technical and safety 
considerations. Existing LPG infrastructure – such as tanks, pipelines, loading 
arms and jetties – could potentially be adapted to accommodate ammonia, though 
adjustments would be needed to account for its higher density and corrosiveness, 
which requires more assessment. Examples of this are already underway at the 
Namikata Terminal and the Tokuyama Complex in Japan. 

Ports with established experience in managing chemicals, supported by permitting 
processes, trained personnel, and existing storage capacity, are likely to be better 
positioned to enable the early adoption of low-emissions marine fuels, by more 
rapidly developing bunkering infrastructure. To assess the level of chemical-
handling experience that could support future low-emissions hydrogen-based fuel 
bunkering, the IEA has developed a Chemical-handling Infrastructure Score,61 
inspired by the chemical port index developed by the Maersk Mc-Kinney Møller 
Center. This score takes into account existing infrastructure for ammonia (NH3), 
LPG, methanol (MeOH) and LNG at ports. 

 
 

61 The chemical-handling infrastructure score is calculated as: Score = 3 × NH₃ + 3 × LPG + 3 × MeOH + 1 × LNG, where each 
variable is binary: 1 if the port has storage infrastructure for that carrier (NH3, LPG, MeOH, or LNG), and 0 otherwise. The 
infrastructure score can vary from 0, i.e. no storage infrastructure at all, to the maximum score of 10, i.e. storage infrastructure 
in place for NH3, LPG, MeOH and LNG. 

https://www.argusmedia.com/en/news-and-insights/latest-market-news/2623153-lpg-bunker-demand-lags-despite-competitive-pricing
https://www.argusmedia.com/en/news-and-insights/latest-market-news/2623153-lpg-bunker-demand-lags-despite-competitive-pricing
https://safety4sea.com/wp-content/uploads/2024/06/LR_Fuel_for_Thought_LPG_Report_2024_06.pdf
https://ammoniaenergy.org/articles/namikata-terminal-to-be-repurposed-into-an-ammonia-ready-clean-energy-hub/
https://www.idemitsu.com/jp/news/2024/241023_1_en.pdf
https://www.zerocarbonshipping.com/publications/navigating-the-green-transition-first-steps-for-ports
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Figure 4.12 Chemical-handling Infrastructure Score at main ports, 2024 

 
IEA. CC BY 4.0. 

Note: The Chemical-handling Infrastructure Score ranges from 0, i.e. no storage infrastructure at all, to 10, i.e. storage 
infrastructure in place for ammonia, liquefied petroleum gas (LPG), methanol and liquefied natural gas (LNG).  
Source: IEA Hydrogen Infrastructure Projects Database (September 2025). 

Nearly 80 ports have a Chemical-handling Infrastructure Score above 5, and 60% of these 
are also main bunkering ports. 

While past trends may not be prescriptive, the rollout of LNG bunkering offers 
relevant insights. LNG bunkering began in the early 2000s, with the first regular 
operations in Norway, and has since expanded globally. Initially, ports with existing 
liquefaction or regasification terminals had a clear advantage due to their 
established storage and handling infrastructure. However, LNG bunkering has 
progressively expanded to ports without such facilities. This shows that 
infrastructure gaps can be overcome over time. In light of this, the Chemical-
handling Infrastructure Score incorporates the presence of ammonia, LPG, 
methanol and LNG storage infrastructure as indicators of a port’s potential to 
support earlier deployment of low-emissions bunkering. While factors such as 
deep-water access are not explicitly included in the score, they are typically 
present in ports equipped to receive liquefied gas carriers. One parameter not 
captured by the score is available land, as limited space may constrain potential 
to scale up bunkering infrastructure, particularly for ammonia. Over the medium to 
long term, additional ports could develop the necessary infrastructure despite 
having a lower score today, as has been seen with LNG bunkering. 

https://www.iea.org/data-and-statistics/data-product/hydrogen-production-and-infrastructure-projects-database
https://sea-lng.org/wp-content/uploads/2020/04/Alternative-Marine-Fuels-Study_final_report_25.09.19.pdf
https://sea-lng.org/bunker-navigator/


Global Hydrogen Review 2025 Chapter 4: Hydrogen trade and infrastructure 

PAGE | 161 IE
A.

 C
C 

BY
 4

.0
. 

According to the Chemical-handling Infrastructure Score, nearly 80 ports 
worldwide currently score above 5, indicating a degree of experience in managing 
chemical products and a potentially stronger readiness to handle low-emissions 
hydrogen-based fuels. Of these, around 60% are already significant bunkering 
ports. In 55 ports, this infrastructure readiness coincides with the presence of 
announced low-emissions hydrogen projects for more than 100 ktpa within a 
500 km radius – suggesting favourable conditions for early adoption, particularly 
where spatial constraints on ammonia handling can be addressed. Of these, 35 
are also main bunkering ports today. Several such ports are located in the Middle 
East, Egypt (around the Suez Canal), the US East Coast, and key locations in 
Europe such as Spain, France, the Netherlands, and Belgium. 

Ports with high infrastructure scores but limited local hydrogen supply may need 
to rely on imports, which could affect cost competitiveness. Conversely, ports near 
large-scale hydrogen production but with lower infrastructure readiness would 
need to invest not only in physical assets but also in building the necessary 
expertise to safely handle these fuels before bunkering operations can begin. 

Opportunities for low-emissions fuel bunkering by cargo segment 
The other important dimension shaping the potential location of low-emissions 
hydrogen bunkering hubs is the underlying shipping economics, which are defined 
both by having sufficient traffic volumes to justify infrastructure investment, and by 
the type of cargo transported (Figure 4.10). In 2023, dry bulk cargoes62 accounted 
for around 55% of global maritime trade by mass (with main dry bulk cargoes 
accounting for 55% of total dry bulk), followed by tankers.63 Container ships 
accounted for 17% by mass, but represented the largest share in value terms, at 
65%, due to the higher value per tonne of containerised goods. By value, tanker 
and dry bulk cargoes each accounted for about 18%, with main dry bulk cargoes 
contributing roughly 4% of the total value of seaborne trade. 

 Containers. Due to their high-value cargo, container vessels are generally better 
positioned to absorb higher fuel costs. Among major container ports, around 55% 
are located near significant planned low-emissions hydrogen production, but only 
one third have a Chemical-handling Infrastructure Score above 5. While the overall 
numbers suggest relatively strong potential for early adoption, several key ports in 
Eastern China, which are important hubs for containerised exports, have both 
limited availability of low-emissions hydrogen nearby and low Chemical-handling 
Infrastructure Scores. Future imports from inland provinces may offer access to 
hydrogen, but these ports may be better suited to methanol rather than ammonia 

 
 

62 Dry bulk goods refer to unpackaged raw materials transported in large volumes. For the purposes of the figures presented, 
iron ore, grain and coal are classified as main dry bulk cargoes. Other commodities, such as copper, bauxite and phosphate, 
are also considered dry bulk but are not included in the main dry bulk category of Figure 4.10. 
63 Tankers carry crude oil, petroleum products, natural gas and chemicals. 

https://www.iea.org/reports/energy-technology-perspectives-2024
https://www.iea.org/reports/energy-technology-perspectives-2024
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bunkering in the near term. In June 2025, the Port of Hong Kong introduced the 
Green Maritime Fuel Bunkering Incentive Scheme, offering financial support for 
initial LNG or low-emissions methanol bunkering operations. However, as most 
new vessels are being built or retrofitted with dual-fuel engines, refuelling can also 
take place at alternative ports along major trade routes. This flexibility, combined 
with the high concentration of container ship traffic on a limited number of key 
shipping lanes, supports the possibility of developing low-emissions bunkering 
hubs at selected transit points, such as ports around the Suez Canal, which, 
despite not being a major bunkering hub today, benefits from both planned 
hydrogen supply and a degree of infrastructure readiness, with a Chemical-
handling Infrastructure Score above 5. 

 Dry bulk. Among major dry bulk ports, around 70% are located near significant 
planned hydrogen production, but only 20% have a Chemical-handling 
Infrastructure Score above 5. This suggests that if low-emissions fuel production 
projects move forward, new port infrastructure would be needed to enable 
bunkering or fuel exports, an effort that requires lead time and may be difficult to 
achieve before 2030. In addition, the low value-to-weight ratio of most dry bulk 
commodities limits their ability to absorb higher fuel costs, making them less 
economically viable for early adoption. However, exceptions exist where higher-
value bulk cargoes, such as copper, are exported near fuel production sites. 
Several initiatives are already exploring such opportunities in regions like 
Latin America and Australia that combine significant dry bulk export volumes with 
large low-emissions hydrogen production potential. The proposed Chile–
Japan/Korea green corridor for copper concentrate is supported by infrastructure 
at the port of Mejillones, a major hub for copper exports, which already handles 
chemicals, including ammonia, LPG and sulphuric acid. In Australia, the Pilbara 
Clean Fuel Bunkering Hub aims to supply low-emissions fuels for iron ore bulk 
carriers. While Port Hedland – the world’s largest iron ore export port and the 
largest of the four Pilbara ports – does not currently handle chemicals, the nearby 
Port of Dampier has existing ammonia storage and is included in broader 
infrastructure planning to support low-emissions fuel bunkering.  

 Tankers. Around 75% of major tanker ports are located near significant planned 
hydrogen production, and more than 55% have a Chemical-handling Infrastructure 
Score above 5. Several ports in the Middle East are particularly well positioned, 
benefitting from proximity to large-scale low-emissions hydrogen projects, existing 
chemical-handling infrastructure, and strategic locations along major global 
shipping routes. For example, the Sohar Port and Freezone in Oman, near the 
Strait of Hormuz, are planning to offer methanol bunkering. 

International co-operation is vital to enable the infrastructure, safety standards and 
commercial alignment needed to scale up low-emissions bunkering. To foster the 
uptake and integration of low-emission maritime fuels, low-emissions shipping 
corridors are emerging as collaborative efforts that connect ports, shipowners, fuel 
producers, and governments along strategic trade routes. First formalised in the 
2021 Clydebank Declaration, which set the ambition to establish at least 

https://www.info.gov.hk/gia/general/202506/30/P2025063000367.htm
https://downloads.ctfassets.net/gk3lrimlph5v/4mbqkJjNRTksqkNvK9IhtR/4939ac44d1b6029db4499cf6f5ec0f86/Getting_to_Zero_Coalition_Annual_progress_report_on_green_shipping_corridors_2024_edition.pdf
https://energia.gob.cl/noticias/antofagasta/seremi-de-energia-conocio-nuevo-terminal-de-glp-ubicado-en-mejillones
https://www.pilbaraports.com.au/about-pilbara-ports/publications/forms-and-publications/forms-and-publications/form/2025/june/pilbara-clean-fuel-bunkering-hub-factsheet
https://www.pilbaraports.com.au/about-pilbara-ports/publications/forms-and-publications/forms-and-publications/form/2025/june/pilbara-clean-fuel-bunkering-hub-factsheet
https://downloads.ctfassets.net/gk3lrimlph5v/4mbqkJjNRTksqkNvK9IhtR/4939ac44d1b6029db4499cf6f5ec0f86/Getting_to_Zero_Coalition_Annual_progress_report_on_green_shipping_corridors_2024_edition.pdf
https://downloads.ctfassets.net/gk3lrimlph5v/4mbqkJjNRTksqkNvK9IhtR/4939ac44d1b6029db4499cf6f5ec0f86/Getting_to_Zero_Coalition_Annual_progress_report_on_green_shipping_corridors_2024_edition.pdf
https://www.gov.uk/government/publications/cop-26-clydebank-declaration-for-green-shipping-corridors/cop-26-clydebank-declaration-for-green-shipping-corridors
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6 corridors by the mid-2020s, these initiatives serve as testbeds. They aim to pilot 
alternative fuels, deploy zero-emission vessels, and develop the handling 
infrastructure and regulatory frameworks needed. As of 2024, around 60 shipping 
corridor initiatives had been announced (Figure 4.13), with at least 6 moving 
towards pre-commercial preparation.  

Figure 4.13 Low-emissions shipping corridor initiatives and hydrogen-based fuels 
produced near high-traffic ports by 2030 based on project announcements 

 
IEA. CC BY 4.0. 

Notes: Ro-Ro = roll-on/roll-off vessel; Ro-Pax = roll-on/roll-off passenger vessel. 
Sources: Global Maritime Forum (2025) and IEA Hydrogen Production Projects Database (September 2025). 

More than 70% of the announced low-emissions shipping corridors focus on container 
transport and shipping of wheeled cargo like cars. 

About one-third of the initiatives focus on short-haul services, such as ferry 
networks, while two-thirds target longer-haul or deep-sea routes. In terms of cargo 
segments, roughly one-third target container shipping, particularly large container 
vessels; more than 40% focus on vessels designed to carry wheeled cargo, such 
as cars and trucks (Ro-Ro), or both vehicles and passengers (Ro-Pax)64; and 10% 

 
 

64 Roll-on/roll-off (Ro-Ro) vessels are designed to carry wheeled cargo, such as cars, trucks and trailers, that can be driven 
on and off the ship via ramps. Ro-Pax (roll-on/roll-off passenger) vessels combine the cargo capacity of Ro-Ro vessels with 
passenger accommodation and typically operate on short-sea routes and ferry services. 

https://downloads.ctfassets.net/gk3lrimlph5v/22Mimgb4JIBUmqC6ZYEIq8/651e26fa87a93a7029b6a30cdeb8d4f0/Getting_to_Zero_Coalition_Annual_progress_report_on_green_shipping_corridors_2024_edition.pdf
https://downloads.ctfassets.net/gk3lrimlph5v/22Mimgb4JIBUmqC6ZYEIq8/651e26fa87a93a7029b6a30cdeb8d4f0/Getting_to_Zero_Coalition_Annual_progress_report_on_green_shipping_corridors_2024_edition.pdf
https://www.iea.org/data-and-statistics/data-product/hydrogen-production-and-infrastructure-projects-database
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on dry bulk, with the remainder covering various cargo types. Key fuel choices 
vary by segment: methanol dominates for containers and ferries; ammonia is 
prominent for bulk carriers; and battery-electric systems are used for short-sea 
routes. 

Initiatives like Clean Energy Marine Hubs (CEM-Hubs) aim to align public and 
private efforts across the low-emissions fuel supply chain, enabling ports to 
become multi-functional energy hubs. Tools such as the Port Readiness Level 
Toolkit developed with the International Association of Ports and Harbors help 
assess port capacity beyond infrastructure, including safety, permitting and 
governance. 

 

 

https://sustainableworldports.org/wp-content/uploads/Port-Readiness-Level-for-Marine-Fuels-assessment-tool-July-2024.pdf
https://sustainableworldports.org/wp-content/uploads/Port-Readiness-Level-for-Marine-Fuels-assessment-tool-July-2024.pdf
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Chapter 5. Investment and 
innovation 

Highlights 

 Capital spending on low-emissions hydrogen projects reached USD 4.3 billion 
in 2024, an 80% increase from 2023. Based on recent final investment decisions 
(FIDs), spending could rise by more than 80% in 2025 to nearly USD 8 billion. 

 In 2024, capital spending was almost evenly split between electrolysis and 
carbon capture, utilisation and storage (CCUS)-equipped hydrogen production. 
In 2025, electrolysis is expected to account for 80% of spending but only 56% 
of production from projects under construction, given its higher capital intensity. 

 Investment in electrolysis-based projects is highest in China and Europe, while 
the United States allocates a larger share to CCUS-equipped production. Over 
50% of total investment in 2024 and 2025 targets hydrogen use in oil refining 
and industrial facilities with existing hydrogen demand. 

 Guarantees and risk-sharing instruments are essential to scaling up hydrogen 
projects, particularly for first-of-a-kind deployments and emerging technologies. 
Collaboration among original equipment manufacturers (OEMs), project 
developers, public funders and insurers may help reduce perceived risk and 
strengthen investor confidence. 

 Hydrogen venture capital (VC) fundraising fell by one-third in 2024, outpacing 
declines in broader energy VC. Publicly traded hydrogen companies have also 
continued to see lower investor returns and revenues over the past year. 

 Development finance institutions are increasingly backing blended finance 
structures, with recent disbursements focused on early-stage costs, including 
projects in Brazil, Egypt, Morocco, Namibia and South Africa. 

 A record number of technologies advanced in technology readiness level (TRL) 
over the past year, across the hydrogen value chain. First-of-a-kind pilot 
projects included microwave plasma pyrolysis and synthetic fuel production via 
Fischer–Tropsch synthesis from solar-converted biogas to syngas, and moving 
towards larger scale using biogenic CO2. Infrastructure milestones included 
validation of hydrogen storage in salt caverns with fast cycling and in depleted 
gas fields, and an industrial-scale ammonia cracker. On the demand side, there 
were maiden voyages of ammonia-fuelled vessels using combustion engines or 
fuel cell propulsion with onboard ammonia cracking, and the first direct reduced 
iron (DRI) production in rotary kilns using iron ore fines and 100% hydrogen. 
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Investment in the hydrogen sector 

Spending on hydrogen supply projects under 
construction 

Around 90 hydrogen supply projects have taken FID globally since the Global 
Hydrogen Review 2024 (GHR-24) was published, representing almost 0.9 Mtpa 
of potential low-emissions hydrogen production. More than 50 projects have 
completed construction and entered into operation over the same period, while a 
few projects have been cancelled, despite having reached initial investment 
commitments. The total number of projects in construction (assuming that all 
projects that have taken FID are now under construction) has therefore risen to 
340 worldwide. We estimate that spending on those projects reached 
USD 4.3 billion in 2024, 80% more than in 2023. This level of spending is equal to 
half of the global investment in new liquid biofuel production facilities 
(USD 8.7 billion in 2024) – to equal investment in new natural gas production in 
2024, it would need to be almost 25 times higher. Given that many recent FIDs 
are relatively large, spending is set to rise more than 80% in 2025 compared to 
2024, to reach close to USD 8 billion. 

In 2024, 56% of the spending went to electrolysis projects, while 44% went to 
hydrogen production with CO2 capture. In 2025, the share of spending going to 
electrolysis is expected to rise to 79%, as, although it accounts for 56% of the 
estimated production under construction, it is more capital intensive than CCUS-
equipped facilities. Furthermore, electrolysis projects are typically greenfield, while 
up to 30% of CCUS projects are retrofits, with much of the main and auxiliary 
equipment already in place. The reduction of investment going to CCUS-equipped 
facilities is also partly due to the completion of a major project in July 2025, CF 
Industries’s Donaldsonville facility.  

Spending on hydrogen supply projects in 2025 is expected to be highest in China 
and Europe, followed by the United States. Capital spending on electrolysis-based 
hydrogen production is highest in China and Europe, whereas in the 
United States, a larger share goes to CCUS-equipped production. By end-use 
application, the production of hydrogen for oil refineries and industrial facilities with 
existing hydrogen demand accounts for more than 50% of the total investment in 
2024 and 2025. Production for conversion to hydrogen-based fuels, including for 
export, is expected to represent around 25% of investment in 2025, while road 
transport applications account for about 10%. 

 

https://www.iea.org/reports/world-energy-investment-2025
https://www.cfindustries.com/newsroom/2025/donaldsonvilleccs
https://www.cfindustries.com/newsroom/2025/donaldsonvilleccs
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Figure 5.1. Investment in low-emissions hydrogen production installations by region 
(left) and intended use (right), 2019-2025 

 
Notes: CCUS = carbon capture, utilisation and storage; H2 = hydrogen. “Other” intended uses include undisclosed end 
uses. Projects intended for export are classified under the relevant demand category, based on their intended use in the 
importing country (where known). 2025 values are estimated annualised spending on projects that had reached final 
investment decision (FID) by mid-2025, and are based on known project costs or capital cost assumptions and announced 
capacities. Only capital expenditures, including installation, on the hydrogen production facility are included and not any 
associated equipment for generating or supplying electricity or other fuel inputs, nor for the transport and storage of CO2, 
nor for the conversion or end-use of the hydrogen output. The 2025* estimates assume that all projects with an announced 
FID have entered construction and will proceed according to their scheduled operational date. Delays in construction will 
lead to lower actual spending in 2025, as was the case for the estimates in GHR-24. Values for investment in new-build 
hydrogen production projects equipped with CCUS are inclusive of the costs of the base plant, such as the steam methane 
reformer, and not only the capital costs of CO2 capture and any dedicated CO2 transport and storage infrastructure. This is 
different from the approach taken in GHR-24, which did not include base plant costs. In addition, whenever it was publicly 
disclosed, specific project investment data was used instead of cost estimates. 
Sources: IEA analysis based on data collected through a survey to OEMs, engineering, procurement and construction 
(EPC) companies and project developers, data from McKinsey & Company and the Hydrogen Council; BloombergNEF, 
Argus Media Group, All rights reserved, NETL (2022); IEA GHG (2017). 

In 2025, investment in electrolysis-based production is set to reach more than triple that of 
CCUS-equipped production, with most of the spending for existing uses. 

The largest hydrogen production project to reach FID since GHR-24 is the Blue 
Point Complex being developed in Louisiana, United States. This is expected to 
produce around 250 ktpa of hydrogen from natural gas from 2029, with over 95% 
of the produced CO2 captured for geological storage. The hydrogen will be used 
for the onsite production of ammonia, and the total capital cost, including hydrogen 
production, ammonia synthesis and ammonia shipping infrastructure, is estimated 
at USD 4 billion. The project partners (CF Industries, JERA and Mitsui) intend to 
claim US 45Q tax credit for carbon sequestration to make the production of low-
emissions ammonia profitable. In China, construction began on multiple projects 
in Uxin Banner, Inner Mongolia. This included a USD 0.6 billion project being 
developed by China Coal that will produce around 20 ktpa hydrogen (H2) for 
methanol synthesis, and a USD 1.5 billion project being developed by Zhongtian 
Hechuang Energy, of which USD 235 million is for hydrogen, to produce 
30 ktpa H2. Both projects are expected to be completed between 2026 and 2027. 
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https://about.bnef.com/
https://direct.argusmedia.com/
https://www.osti.gov/biblio/1862910
https://ieaghg.org/publications/techno-economic-evaluation-of-smr-based-standalone-merchant-hydrogen-plant-with-ccs/
https://www.cfindustries.com/newsroom/2025/blue-point-joint-venture
https://www.opportunitylouisiana.gov/news/another-louisiana-win-cf-industries-jera-and-mitsui-announce-4-billion-final-investment-decision-to-construct-worlds-largest-ammonia-facility-in-ascension-parish
https://www.hydrogeninsight.com/production/chinese-coal-company-starts-construction-on-600m-green-hydrogen-and-methanol-plant-in-northern-china/2-1-1733672
https://www.metal.com/en/newscontent/103195190
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Delays and cost inflation remain widespread. In some cases, these delays are due 
to cost uncertainties, which are preventing projects from reaching FID (see section 
on barriers to reaching FID). For example, when construction of the NEOM Green 
Hydrogen project (which includes a 2.2 GW electrolysis plant and ammonia 
production) began in Saudi Arabia in 2023, the FID was taken on a revised budget 
of USD 8.5 billion. This is 70% higher than the USD 5 billion estimated during early 
planning. This increase reflects inflation since 2020, financing costs, and 
additional upfront investments, such as advance payment of land acquisition fees, 
power transmission infrastructure and other measures to reduce long-term 
operational costs. 

Sources of finance for hydrogen projects under 
construction 

Low-emissions hydrogen projects are being financed through a mix of corporate 
balance sheet funding and project finance structures, with the choice depending 
on the project’s scale and maturity, and its developers. In both cases, public 
support – such as via grants, tax incentives, or concessional finance – remains a 
key component of overall funding. 

Established industrial companies may opt to fund projects directly using internal 
cash reserves or retained earnings, which is commonly referred to as balance 
sheet financing. This allows them to avoid external debt or equity issuance, but 
means that financial risk is concentrated on their own books. While financing 
details are often undisclosed, it is likely that smaller projects backed by major 
industrial players use balance sheet funding. 

For capital-intensive or large-scale projects, developers often establish joint 
ventures (JVs) and may create special purpose vehicles (SPVs) or project 
companies to pool resources, share risks, and isolate liabilities from corporate 
balance sheets. JV partners typically provide initial equity contributions, while the 
JV itself or a designated SPV may also secure public grants, concessional finance, 
or external debt to meet total investment requirements. Examples of this model 
include: 

 NEOM Green Hydrogen Company, a JV between ACWA Power, Air Products and 
NEOM to produce low-emissions ammonia using electrolytic hydrogen in Saudi 
Arabia. 

 HYBRIT Development AB, a JV between SSAB, LKAB and Vattenfall, which is 
behind the HYBRIT project in Sweden to produce low-emissions steel using 
electrolytic hydrogen. 

 The Castellón Green Hydrogen JV in Spain, a 50/50 partnership between BP and 
Iberdrola, developing a 25 MW electrolyser at off-taker BP’s refinery. 

https://www.constructionweekonline.com/news/neom-green-hydrogen-project-cost
https://castellonplaza-com.translate.goog/luz-verde-a-la-construccion-del-hub-del-hidrogeno-verde-en-castello?_x_tr_sl=auto&_x_tr_tl=en&_x_tr_hl=en&_x_tr_pto=wapp
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 A JV announced in 2025 between CF Industries, JERA, and Mitsui (holding 40%, 
35% and 25%, respectively) to construct an autothermal reforming plant for low-
emissions ammonia at CF’s Blue Point Complex in Louisiana. 
 

Each low-emissions hydrogen project is still unique, as the market is maturing, 
and financing typically relies on a combination of public grants, equity contributions 
from public or private entities, and debt financing, including both concessional and 
commercial sources. Project developers and SPVs typically adopt project finance 
structures that raise capital at the project level through a mix of debt and equity 
from multiple investors. This approach facilitates risk-sharing and can attract 
external capital, though it often requires long-term offtake agreements. 

Figure 5.2. Estimated financing structure of selected electrolytic hydrogen projects 

 
IEA. CC BY 4.0. 

* The HYBRIT Demo project is part of a joint venture between well-established industrial companies. Part of the project 
funding may come from equity contributions of the parent companies or directly from balance sheet of these companies, 
which are unknown. As a result, no equity tranche is shown in the capital stack. The Swedish National Debt Office reported 
total project investment at around EUR 4.5 billion. The estimated financing structure of ATOME’s project assumes that the 
project reaches final investment decision (FID). 
Notes: H2 = hydrogen. Total project costs are at the time of announcement and have not been inflated. The four projects 
illustrated were selected based on the availability of public information on financing structures beyond corporate balance 
sheet funding. 
Source: IEA analysis based on data from IJGlobal (2025). 

Projects rely on blended finance structures that combine equity with loans and guarantees 
from public financial institutions, while grants remain limited. 

Public support through non-repayable grants plays a crucial role in reducing 
private sector risks for the first large-scale low-emissions hydrogen projects. Both 
the Stegra and HYBRIT projects have received grant funding from sources 
including the EU Innovation Fund, the Just Transition Fund (via the 
European Union and the Swedish Agency for Economic and Regional Growth) 
and Sweden’s Industriklivet programme. These projects aim not only to produce 
electrolytic hydrogen at scale, but also to demonstrate for the first time the direct 
reduction of iron ore using 100% hydrogen, a process not yet commercially 
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https://www.cfindustries.com/newsroom/2025/blue-point-joint-venture
https://www.riksgalden.se/fi/press-and-publications/press-releases-and-news/press-releases/2025/green-credit-guarantee-for-loan-to-ssab/
https://www.ijglobal.com/data
https://www.energimyndigheten.se/nyhetsarkiv/2024/energimyndigheten-ger-12-miljarder-i-stod-till-stegra-h2-green-steel/
https://climate.ec.europa.eu/system/files/2022-07/if_pf_2022_hybrit_en.pdf
https://stegra.com/news-and-stories/stegra-support-eu-innovation-fund
https://www.ssab.com/en/news/2024/12/ssab-is-awarded-financing-from-eu-and-swedish-agency-for-economic-and-regional-growth
https://www.hybritdevelopment.se/en/positive-decision-on-support-for-lkab-and-hybrit/
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proven. Demonstrating this technology offers a pathway to decarbonise 
steelmaking and strengthen the competitiveness of European industry. Despite 
this public support, government grants cover a relatively small share of total 
project costs. In contrast, the NEOM project has not received traditional grant 
funding, but instead benefits from large state-backed debt and equity investment 
from government-linked entities. NEOM, which is fully owned by the Saudi 
sovereign wealth fund, Public Investment Fund (PIF), holds a one-third stake in 
the project. ACWA Power holds another one-third stake, with PIF also holding an 
indirect stake via its shareholding in ACWA Power, reported at roughly 44-50% in 
recent disclosures. The Saudi government therefore has a significant equity stake 
in the project, which not only provides access to public capital but also mitigates 
country-specific investment risk. 

Grants may help to absorb early-stage risks arising from the high uncertainty and 
potential sunk costs of feasibility studies and other development expenditures 
(DEVEX)65 by reducing the need for scarce or expensive equity or debt at initial 
stages. However, public and private debt and equity ultimately provide the bulk of 
project capital once the project has reached a more advanced stage.66 Debt is 
generally less costly than equity, as equity investors demand higher returns to 
compensate for their exposure to project risk and performance. A higher debt-to-
equity ratio typically translates into a lower levelised cost of hydrogen. While 
conventional renewable energy projects often target a ratio of 80:20, more 
complex or riskier projects – such as low-emissions hydrogen plants – may feature 
greater shares of equity. Projects such as NEOM, Stegra and ATOME display 
debt-to-equity ratios in the range of 65:35 to 75:25 (Figure 5.2). The planned Freija 
Clean Fuel project in Finland has announced it will seek a debt-to-equity ratio of 
around 60:40. While the shares of debt and equity are relatively similar across the 
projects, the composition and cost of debt varies: 

 For the NEOM project, over 60% of debt is sourced from state-owned and 
development banks offering longer tenures, including 20% debt coming from the 
Saudi Industrial Development Fund (SIDF).67 Around 5% of the debt is backed by 
direct lending from Germany’s export credit agency68 (ECA), Euler Hermes, to 
finance electrolysers supplied by thyssenkrupp nucera from Germany. Of the total 
debt, around 95% is senior debt, with the remainder structured as mezzanine 
debt69 facilities. 

 
 

65 DEVEX represents the cost associated with developing a project up to the point of financial close or construction. 
66 Early-stage risk stems from the uncertainty of whether a project will proceed, making initial investments in feasibility studies 
and DEVEX potentially unrecoverable liabilities if the project is not realised. 
67 While the loan rate for this project is undisclosed, some SIDF loans bear no interest and borrowers pay service fees, 
whereas the company NAMA Chemicals reported an effective interest rate of 1.71% at the end of 2023. 
68 An export credit agency (ECA) is a public or quasi-public institution that provides government-backed loans, guarantees, 
or insurance to support domestic companies in exporting goods and services, typically by reducing the financial risks 
associated with international trade. 
69 Senior debt refers to loans with repayment priority, typically secured against project assets and associated with lower risk 
and interest rates. Mezzanine debt ranks below senior debt in the repayment hierarchy, carries higher risk, and generally 
offers higher returns to compensate for its subordinate position. 

https://www.meed.com/acwa-power-to-assume-pif-hydrogen-role
https://www.acwapower.com/news/the-public-investment-fund-announces-increase-in-stake-in-acwa-power/
https://www.ijglobal.com/sign-in?returnUrl=%2Farticles%2F222848%2Ffc-nears-for-finnish-e-methane-project%3Fhome%3D1
https://www.oecd.org/content/dam/oecd/en/publications/reports/2024/02/scaling-hydrogen-financing-for-development_44818263/0287b22e-en.pdf
https://www.sec.gov/Archives/edgar/data/1811210/000110465922085809/tm2222511d1_424b3.htm
https://argaamplus.s3.amazonaws.com/330b9726-614e-4107-9259-a2c5a5448d7c.pdf
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 In ATOME’s Paraguay project (which is pending FID at the time of writing), the 
entire debt portion would come from government-backed lenders, including a 
senior debt package being prepared by the Inter-American Development Bank, 
the European Investment Bank (EIB) and the Dutch Entrepreneurial Development 
Bank (FMO), supplemented by USD 50 million of concessional finance from the 
Green Climate Fund to reduce the cost of capital (Table 5.1). 

 In contrast, the debt financing structures of the Swedish Stegra and HYBRIT 
projects rely primarily on private capital. Stegra’s project sources less than 20% 
of its debt from public institutions, including the Swedish ECA (SEK), the German 
ECA (Euler Hermes),  and the European Investment Bank and the Nordic 
Investment Bank (NIB), while HYBRIT sources less than 5% from the NIB. Public 
debt can be used to crowd in private investment, with commercial banks providing 
most of the funding on shorter tenures. In Stegra’s case, around 85% of the debt 
is structured as senior debt, complemented by a mezzanine facility. As such, while 
public financial institutions contribute a smaller share of the overall debt, most of 
the senior debt is backed by loan guarantees from the Swedish National Debt 
Office (Riksgälden), covering 80% of the loan amount, and Germany’s ECA, 
covering 95%, each up to a maximum of EUR 1.2 billion. In the HYBRIT project, 
Riksgälden provides a EUR 1.1 billion loan guarantee covering 80% of the loan 
facility. 
 

Offtake agreements and financing are closely interlinked. Off-takers often act as 
equity investors, aligning their commercial interests with the success of the project. 
They also enable external financing by reducing commercial risk and providing 
revenue certainty. For example, Air Products holds the remaining third equity 
stake in the NEOM JV and has signed a 30-year offtake agreement for all the 
ammonia produced. The Stegra project has secured several binding offtake 
agreements with Marcegaglia, Mercedes-Benz, Scania and Schaeffler, among 
others, who have also invested equity in the project. ATOME Energy's Villeta 
project has not yet finalised offtake agreements, but has signed a non-binding 
Heads of terms agreement with Hy24’s Clean H₂ Infra Fund. This is set to become 
the lead equity investor, and has committed USD 100–115 million post-FID, 
though this is contingent on finalising offtake agreements, for which a non-binding 
deal has been signed with Yara. 

 

Box 5.1 Reducing cash collateral needs for manufacturers: sharing 
technology-related risks 

Hydrogen projects, particularly those involving new technologies or first-of-a-kind 
deployments at scale, may encounter challenges in terms of bankability due to 
high upfront capital requirements, lengthy project timelines and potential 
performance risks. To mitigate these risks, project developers and equipment 

https://www.idbinvest.org/en/projects/atome-first-green-hydrogen-fertilizer-export-project-paraguay
https://polaris.brighterir.com/public/atome/news/rns/story/x4050pw
https://www.fmo.nl/project-detail/64648
https://www.fmo.nl/project-detail/64648
https://polaris.brighterir.com/public/atome/news/rns/story/xj247gr
https://www.eib.org/en/press/all/2024-015-eib-and-nib-to-provide-eur371-million-with-investeu-backing-for-h2-green-steel-s-large-scale-production-of-steel-with-minimal-carbon-footprint
https://www.eib.org/en/press/all/2024-015-eib-and-nib-to-provide-eur371-million-with-investeu-backing-for-h2-green-steel-s-large-scale-production-of-steel-with-minimal-carbon-footprint
https://stegra.com/news-and-stories/h2-green-steel-raises-more-than-4-billion-in-debt-financing-for-the-worlds-first-large-scale-green-steel-plant
https://www.riksgalden.se/fi/press-and-publications/press-releases-and-news/press-releases/2025/green-credit-guarantee-for-loan-to-ssab/
https://www.acwapower.com/news/neom-green-hydrogen-company-completes-financial-close-at-a-total-investment-value-of-usd-84-billion-in-the-worlds-largest-carbon-free-green-hydrogen-plant/
https://stegra.com/news-and-stories/blazing-a-new-trail-for-hard-to-abate-industrial-financing
https://fuelcellsworks.com/2025/04/07/green-investment/atome-signs-465m-epc-contract-for-paraguay-green-fertiliser-plant-ahead-of-mid-2025-fid
https://www.atomeplc.com/atome-secures-milestone-off-take-deal-with-yara-international-as-it-progress-villeta-project/
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suppliers often need to provide guarantees to buyers and financiers, both to 
strengthen confidence in the OEM’s ability to deliver and maintain the equipment, 
and to offer financial compensation in the event of non-performance, even if such 
compensation may not fully offset the potential impact. 

Technology manufacturers are often asked to provide buyers with guarantees that 
provide insurance against non-delivery, underperformance or failure. Companies 
often have bank guarantee facilities that incur annual fees ranging from 0.5%-3% 
of the guaranteed amount, with well-established manufacturers typically paying 
fees at the lower end of this range. Banks may also require manufacturers to 
provide cash collateral to secure the guarantee facility, which may be in the form 
of cash deposits, liens on assets or other financial instruments. The amount of 
collateral required ranges from 0-100%, depending on the manufacturer's risk 
assessment. 

Illustrative structure of guarantee instruments supporting original 
equipment manufacturers and buyers 

 
IEA. CC BY 4.0. 

Notes: OEMs = original equipment manufacturers. Contractual guarantees evolve throughout the product delivery 
phase, reflecting changes in risk exposure from delivery to long-term performance. An advance payment guarantee is 
usually issued when the contract is signed to secure any upfront payments made to the OEMs, and it remains in place 
until the equipment is delivered. Afterwards, the advance payment guarantee is released and replaced by a 
performance guarantee, which ensures that the equipment meets the technical and operational criteria agreed in the 
contract. Following commissioning and successful performance testing – often over a specified period – the 
performance guarantee may be reduced or replaced by a warranty guarantee. This final guarantee ensures coverage 
for latent defects or underperformance during the warranty period, which can range in length up to several years 
depending on the contractual terms. 
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Although guarantees are standard for renewable energy equipment, meeting large 
order backlogs can put established suppliers under strain, particularly for advance 
payment guarantees. For instance, Siemens Gamesa – which had orders worth 
over EUR 40 billion for wind turbines – secured a EUR 1.2 billion guarantee facility 
in 2024, 50% of which is backed by Spain’s ECA, CESCE. In 2023, the German 
government had also provided a counter-guaranteed EUR 7.5 billion of a 
EUR 12 billion facility for broader support to Siemens Energy, which in 2025 has 
been replaced by a bank facility from commercial banks. Some of the wind turbines 
may be supplied to projects related to hydrogen production. 

Providing guarantees or cash collateral can be difficult for emerging supply chains, 
particularly those involving innovative technologies from start-ups without a proven 
performance record. Some manufacturers are unable to offer guarantees as they 
do not yet have enough operational data on which to base such commitments. 
While this can be expected to improve as the technology and market mature, it 
remains problematic during the scale-up phase. More established players may be 
able to obtain a guarantee through a subsidiary or parent company. Some firms 
are already offering performance guarantees for hydrogen-related technologies. 
These include KBR for its ammonia cracking technology, Topsoe for the availability 
and efficiency of its electrolysers, and Nel Hydrogen with Samsung E&G for their 
CompassH2 electrolyser package, among others. However, guarantee 
requirements can tie up to 100% of the contract value in cash collateral for newer 
or smaller companies, which significantly constrains their liquidity and diverts 
capital from innovation and scale-up. 

Insurers can also issue guarantees that help spread the risks of hydrogen projects 
by transferring part of the risk, thereby improving OEM liquidity by reducing cash 
collateral needs, and increasing investor confidence, particularly among risk-
averse lenders such as pension funds, as they typically provide investment-grade 
guarantees. For example, re-insurer Munich Re has developed the HySure product 
for electrolysers, providing guarantees on the equipment and its performance. 
Similarly, Ariel Green can provide commissioning and performance guarantees for 
a range of hydrogen-related equipment, including electrolysers, steam methane 
reforming and autothermal reforming with CCUS. In January 2025, Topsoe 
announced New Energy Risk as its preferred insurance partner for its solid oxide 
electrolysers, offering customers access to Technology Performance Insurance 
(TPI)*.  

While TPI can help lower the cost of capital by de-risking investments, the 
associated premium can affect the overall economics of the project. Striking the 
right balance is therefore essential to ensure project feasibility. To alleviate this 
issue, public finance institutions and ECAs are increasingly stepping in to provide 
support, providing guarantees to bridge the technology risk gap. ECAs also enable 
domestic manufacturers to compete globally, as they offer guarantees in support 

https://www.cesce.es/es/w/comunicacion/sala-de-prensa/siemens-gamesa-1
https://www.siemens-energy.com/global/en/home/press-releases/siemens-energy-replaces--federal-guarantee-with-a-new-bank-facil.html
https://www.hydrogeninsight.com/electrolysers/global-risk-hydrogen-electrolysers-could-degrade-faster-than-stated-by-manufacturers-due-to-insufficient-testing-bnef/2-1-1733111
https://www.hydrogeninsight.com/electrolysers/global-risk-hydrogen-electrolysers-could-degrade-faster-than-stated-by-manufacturers-due-to-insufficient-testing-bnef/2-1-1733111
https://www.samsungena.com/en/newsroom/news/view?idx=15707
https://www.munichre.com/content/dam/munichre/contentlounge/website-pieces/documents/MunichRe-Hydrogen-Whitepaper_en.pdf/_jcr_content/renditions/original./MunichRe-Hydrogen-Whitepaper_en.pdf
https://arielgreen.com/technologies/#cells
https://arielgreen.com/products/#learn-more
https://www.topsoe.com/press-releases/topsoe-de-risks-soec-electrolyzers-for-green-hydrogen-through-insurance-partnership-with-new-energy-risk
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of domestic exports, often on a tied basis. Recent support from public finance 
institutions includes: 

 In January 2025, electrolyser-manufacturer Sunfire announced it had secured 
5-year EUR 200 million guarantee line financing provided by European 
commercial banks, with 80% of the line secured by parallel default guarantees 
from the German Federal Government and the Free State of Saxony. The 
guarantee line eliminates the need for Sunfire to provide cash collateral. 

 In June 2025, the European Investment Bank approved the first wave of 
instruments under the TechEU programme to support cleantech, in line with 
the EU Clean Industrial Deal. This includes a EUR 250 million CleantechEU 
guarantee scheme for small and medium-size enterprises, which could 
potentially support hydrogen-related technologies. 

 

Collaboration between OEMs, ECAs, commercial banks, and (re)insurers remains 
essential to unlock financing at scale for hydrogen projects. Between 2016 and 
2020, only 0.2% of performance guarantees were invoked and Siemens Energy 
suggests default rates of less than 0.5%, suggesting that financial exposure for 
providers is relatively low. However, this rate may vary across sectors and may not 
yet fully reflect the specific risk profile of the hydrogen sector, particularly for less 
established manufacturers. Beyond risk mitigation, the technical due diligence 
conducted by guarantors signals technology reliability to project developers and 
strengthens investor confidence in the overall project. 
 

* TPI is a specialised risk mitigation tool designed to protect against financial losses from the underperformance or 
failure of emerging technologies. TPI covers gaps in performance guarantees, particularly where EPC contractors are 
unable or unwilling to provide them, often for novel technologies. TPIs can assume debt service and principal 
repayments in the event of underperformance. Coverage can reach up to USD 400 million per transaction, with 
premiums ranging from 4–10% of the insured amount, depending on technology maturity (e.g. TRL, track record, and 
the experience of licensors and EPCs). Terms can often extend up to 10 years, aligned with warranty or debt tenures. 

Venture capital investment in young hydrogen 
companies 

Since 2021, 290 hydrogen-related start-ups have raised VC equity worldwide. 
This is more than double the number that raised VC funding in the 5 years from 
2016 to 2020. Furthermore, these start-ups have raised more than USD 14 billion 
since 2021, almost ten times the USD 1.5 billion secured over the previous 
5 years. As the commercial prospects for hydrogen technologies improved with 
governments’ commitments to net zero emissions, so did the size of deals offered 
to innovators: in 2021, more than 90% of the funding was to developers of 
hardware technology. This represented a major injection of capital for 
entrepreneurs to take the risk of scaling up new technologies in the expectation 
that they would perform competitively and find a receptive market this decade. 

https://sunfire.de/en/news/sunfire-secures-e200-million-guarantee-financing/
https://www.eib.org/en/press/all/2025-247-eib-group-increases-2025-financing-ceiling-to-record-eur100-billion-to-step-up-investments-in-security-and-defence-energy-grids-and-europe-s-tech-leadership
https://www.eib.org/en/press/all/2025-247-eib-group-increases-2025-financing-ceiling-to-record-eur100-billion-to-step-up-investments-in-security-and-defence-energy-grids-and-europe-s-tech-leadership
https://iccwbo.org/wp-content/uploads/sites/3/2022/04/icc-document-icc-gcd-performance-guarantees-study.pdf
https://www.siemens-energy.com/global/en/home/press-releases/siemens-energy-replaces--federal-guarantee-with-a-new-bank-facil.html
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Since 2021, 9% of all energy-related VC has been directed to hydrogen start-ups, 
a proportion that peaked at 12% in 2023, substantially more than the 2% share 
from 2016 to 2020. 

However, VC fundraising by hydrogen start-ups has been in decline since 2023, 
falling one-third in 2024. Based on data from the first half of 2025, we estimate 
that it could fall by more than 40% in 2025. This follows a wider trend in energy-
related VC, which is largely a consequence of broader macroeconomic trends. 
The ramp-up in VC funding for hydrogen start-ups from 2021 occurred at the same 
time as greater interest in hydrogen as a means of meeting industrial and climate 
policy targets coincided with low interest rates. From 2023, interest rates rose, 
making equity investments in start-ups riskier propositions compared with other 
investment options, and many private investors reallocated capital away from VC 
markets. 

Figure 5.3. Venture capital investment in energy start-ups in hydrogen-related areas, 
per technology domain, 2010-2025 

 
IEA. CC BY 4.0. 

Notes: H2 = hydrogen; VC = venture capital. Project development category includes start-ups that do not own intellectual 
property on technology and raise funds for supply-side project development costs. Other end uses include steel production, 
chemicals, waste management and heating. 2025e is a full-year estimate for all hydrogen-related VC based on data up to 
H1 2025, which does not provide a high enough confidence level for a breakdown by technology area. 
Sources: IEA analysis based on Cleantech Group (2025) and Crunchbase (2025). 

VC funding for hydrogen start-ups fell in 2024 despite rising non-project investments, and 
the drop exceeded that in the wider energy-related VC market. 

This phenomenon was not limited to energy start-ups, whose fundraising has been 
slightly more resilient than other VC segments, with the notable exception of 
artificial intelligence (AI), which has attracted increased investor interest as capital 
shifts away from capital-intensive solutions. While VC for hydrogen still rose in 
2023, total energy-related VC shrank. However, this divergence can be largely 
attributed to a single large growth-stage deal for Stegra, and the subsequent 
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decline in VC for hydrogen has been steeper than energy-related VC in total. 
Some of the decline may be reversed in the coming years by investments from a 
large new hydrogen-focused VC fund announced in May 2025 by Chinese 
Sinopec. If the allocated fund, of roughly USD 690 million, were invested over 
5 years, the annualised investments would be equivalent to 5% of the 2024 global 
VC total for hydrogen. However, the priorities, scope and regional focus of the 
fund remain undisclosed. 

Among technology areas, start-ups developing technologies for the production of 
low-emissions hydrogen and derivatives have been most resilient to the recent 
downturn in VC funding. The largest amount of funds raised in 2024 was by 
Koloma, a US developer of technology to explore and exploit geologic hydrogen 
deposits, which raised nearly USD 300 million alongside USD 0.9 million in a US 
government grant. Electrolyser innovators and developers of hydrogen-based 
fuels attracted 64% of the remaining VC funding flowing to hydrogen start-ups. In 
2024, Sunfire, a German solid oxide electrolyser (SOEC) developer, raised 
EUR 215 million and secured a loan of EUR 100 million from the EIB. HySata, an 
Australian developer of capillary-fed alkaline electrolysers, raised 
USD 111 million. Sunshine Hydrogen, a Chinese alkaline electrolyser developer, 
raised USD 92 million. Utility Global, a US developer of reactors that convert 
steam and off-gases into hydrogen without electricity, raised USD 53 million. The 
largest example of funds raised among hydrogen-based fuels companies was by 
US-firm Infinium, raising more than USD 200 million across 2024 and 2025. 
Germany’s INERATEC followed, with USD 129 million, while US-based Air 
Company raised USD 69 million. 

Performance of hydrogen companies on public markets 
Data on the performance of publicly traded companies sheds light how companies 
working on hydrogen projects are performing, both in terms of their cashflow and 
ability to raise funds, as well as the expectations of investors. While not all 
companies active in hydrogen are listed, and many that are have significant 
operations outside hydrogen, there is a globally representative set of listed firms 
whose finances are inextricably linked to the health of the low-emissions hydrogen 
sector. We have assembled a portfolio of 51 publicly traded companies in the 
sector to track their performance and assess sectoral trends.70 

Companies in this portfolio have continued to face challenges in the time since the 
publication of GHR-24. Many are scaling up new businesses and therefore 
necessarily putting significant capital at risk (e.g. in factories or project equity) to 

 
 

70 Since GHR-24, four companies have been added: Cavendish Hydrogen, listed on the Oslo Stock Exchange in June 2024; 
Primary Hydrogen Corp, incorporated in November 2024; Jiangsu Guofu Hydrogen Energy, listed on the Hong Kong Stock 
Exchange in November 2024; and Refire Energy, listed on the Hong Kong Stock Exchange in December 2024. 

https://www.reuters.com/business/energy/sinopec-sets-up-690-million-hydrogen-energy-focused-venture-capital-fund-2025-05-29/
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/energy-transition/012425-geologic-hydrogen-explorer-koloma-with-400-mil-in-funding-quiet-on-next-step
https://arpa-e.energy.gov/news-and-events/news-and-insights/us-department-energy-announces-20-million-16-projects-spearheading-exploration-geologic-hydrogen
https://sunfire.de/en/news/sunfire-secures-more-than-eur-500-million-to-accelerate-its-growth/
https://hysata.com/news/hysata-announces-111m-usd-series-b-investment-round/
https://www.legendcapital.com.cn/news/detail.aspx?nodeid=24&page=ContentPage&contentid=914
https://media.utilityglobal.com/news/utility-global-raises-53million-of-ongoing-series-c-financing
https://www.cleantech.com/the-global-cleantech-100/
https://www.ineratec.de/en/news/ineratec-raises-129-million-led-piva-capital-usher-next-era-sustainable-mobility
https://www.businesswire.com/news/home/20240918043849/en/AIR-COMPANY-Raises-%2469M-in-Series-B-to-Commercialize-Carbon-Utilization-Technology-and-Sustainable-Aviation-Fuels
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be able to take orders for equipment sales. While many have signed agreements 
with project developers, these often do not translate into firm contracts and 
revenues unless the pace of project FID accelerates. At the same time, most of 
these companies are relatively young, with weak balance sheets that have come 
under further pressure from higher costs of capital and costs of inputs. 

Figure 5.4. Monthly returns (left) and market capitalisation (right) of hydrogen 
companies, hydrogen funds and relevant benchmarks, 2017-2025 

 
IEA. CC BY 4.0. 

Notes: ETFs = exchange-traded funds. Monthly return = closing price on last day of month divided by closing price on last 
day of previous month. IEA’s global hydrogen technology portfolio includes 51 public companies whose value is driven 
primarily by the outlook for low-emissions hydrogen and the tickers of included firms are 2570 HK; 2582 HK, 288620 KS, 
336260 KS, 702 HK, ACH NO, ADN US, AFC LN, ALHAF FP, ALHRS FP, AMMPF US, AQUNU US, ATOM LN, BE US, 
BLDP CN, CASAL SW, CAVEN NO, CH CN, CI SS, CPH2 LN, CWR LN, F3C GY, FCEL US, FHYD CN, GHY AU, GNCL 
IT, GREENH DC, H2A GR, H2O GY, HDF FP, HDRO CN, HTOO US, HYPRO NO, HYSR US, HYT AU, HYZN US, HZR 
AU, IMPC SS, ITM LN, LHYFE FP, NCH2 GY, NEL NO, NHHH CV, NXH CN, PCELL SS, PHE LN, PLUG US, PPS LN, 
PV1 AU, SPN AU, TECO NO. S&P cleantech refers to the S&P/TSX Renewable Energy and Clean Technology Index. 
Source: IEA analysis based on Bloomberg terminal data. 

Despite more hydrogen projects attracting investment, financial markets continue to be 
cautious about the prospects of pure-play hydrogen companies in the supply chain. 

The monthly investor returns and revenues of this portfolio have declined over the 
past year. This trend is evident internationally; for example, Jiangsu Guofu 
Hydrogen Energy, a Chinese electrolyser company listed on the Hong Kong Stock 
Exchange in November 2024, saw its share price fall by 20% between January 
and June 2025. In contrast, the broader S&P cleantech index, which covers clean 
technologies beyond hydrogen, stabilised after three straight years of decline. As 
noted in GHR-24, an even broader technology-led index, the NASDAQ, has 
followed a divergent growth trend since mid-2022, driven by strong performance 
of digital technology firms, especially those active in AI. A similar recovery for 
hydrogen equities could occur if project pipelines expand and a consistent flow of 
FIDs adds enough capacity by 2030 to produce 5 Mtpa of low-emissions 
hydrogen, a trajectory deemed likely with sufficient policy support (see Chapter 3 
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Hydrogen production). Despite recent declines, a dollar invested evenly across 
the hydrogen portfolio in 2017 (and as additional portfolio companies listed) would 
still have outperformed a dollar invested in either the NASDAQ or clean technology 
indexes, due to the sharp growth achieved by hydrogen firms during the 2020-
2021 surge in listings, and to investors’ enthusiasm. 

The combined capitalisation of firms already in the portfolio by mid-2024 has 
continued on a downward trajectory since GHR-24. This decline reflects firms 
drawing on balance sheets to fund R&D and factories while revenue is not yet 
covering costs, alongside falling share prices amid weakening investor confidence 
in near-term returns. However, new entrants have lifted the overall capitalisation 
of the portfolio back to the level of early 2024. At around USD 3 billion, the 
combined capitalisation of Refire Energy and Jiangsu Guofu Hydrogen Energy, 
two Chinese companies, is the largest contributor in this regard. Without these 
additions to the portfolio, over 90% of the accumulated value accrued in 2020 and 
2021 from initial share sales would have been wiped out by mid-2025. 

Specialist exchange-traded hydrogen funds that raise money to allocate as debt 
or equity to hydrogen companies or projects have continued to lose value since 
GHR-24. This reflects the fact that funds, mostly set up around 2021, have been 
spending and not replenishing their capital, as well as investors’ scepticism about 
the near-term profitability of hydrogen investments. The managers of the 
USD 8 million HydrogenOne Capital Growth fund announced in July 2025 that it 
will be wound up due to underperformance. No new funds have been launched. 
The Clean H2 Infra Fund, though not publicly traded, has continued to spend the 
EUR 2 billion (USD 2.1 billion) raised in 2022.  

 

Box 5.2 Rising financial distress for hydrogen companies 

As hydrogen companies mature, some seek to pursue public listing or attract 
acquisition offers to access capital and provide returns to early investors. However, 
many face financial challenges throughout their development, leading, in some 
cases, to bankruptcy filings followed by restructuring efforts or, where recovery is 
not viable, liquidation and cessation of operations. In 2024–2025, the hydrogen 
sector saw limited public listings, with only a few notable initial public offerings 
(IPOs), Refire and Jiangsu Guofu Hydrogen Energy, both debuting on the Hong 
Kong Stock Exchange, and Hydrogenera on the Bulgarian Stock Exchange. Stegra 
has started preliminary work toward a public listing to support its expansion plans.  

By contrast, an increasing number of companies faced financial difficulties, 
underscoring the ongoing challenges of commercialisation, particularly for 
manufacturers. Some firms expanded rapidly in anticipation of faster scale-up of 

https://www.theaic.co.uk/aic/news/industry-news/hydrogenone-sacks-manager-and-plans-wind-down
https://www.investing.com/news/company-news/swedish-startup-stegra-ab-considers-ipo-for-expansion-funding--bloomberg-93CH-4089565
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the low-emissions hydrogen sector and may have been overvalued during early 
2020s funding rounds, at a time when investor sentiment was more optimistic. As 
market conditions tighten, several of these companies are now shifting from 
manufacturing towards innovation and technology licensing, seeking to build 
partnerships while avoiding the capital intensity of manufacturing. 

EBITDA of selected hydrogen companies, 2023 

 
Notes: EBITDA = Earnings before interest, taxes, depreciation and amortisation. Data were available for 42 of the 
51 companies in the IEA Global Hydrogen Portfolio; only these are included in the analysis. Plug Power is excluded 
from the graphical representation to avoid axis distortion as it reported an EBITDA of USD - 1.3 billion in 2023. 

Source: IEA analysis based on Bloomberg terminal data. 

 

Pure-play hydrogen companies typically report negative EBITDA, as they prioritise 
growth and technology development over near-term profitability. In their early 
stages, hardware-focused start-ups often operate at a loss for extended periods 
due to the high capital requirements of developing and scaling new technologies. 
Their survival depends on sustained investor confidence and access to patient 
capital, especially as they navigate the multiple “valleys of death” that characterise 
innovation, periods where companies face high costs and limited revenue. As a 
point of comparison, Tesla remained unprofitable for nearly 17 years before 
achieving sustained profitability. However, not all companies manage to bridge 
these gaps; some face delays in orders or struggle to secure financing, eventually 
running out of cash. In contrast, established industrial players with hydrogen as 
part of a broader portfolio are often able to weather early losses, using revenues 
from core operations to support longer-term hydrogen developments. 

In October 2024, hydrogen truck manufacturer Hydrogen Vehicle Systems 
entered insolvency proceedings in the United Kingdom, followed by fellow truck-
maker Hyzon Motors, which began dissolving operations and, in March 2025, got 
shareholder approval for delisting and liquidation. Around the same time, German 
hydrogen truck manufacturer Quantron filed for bankruptcy, later announcing in 
April 2025 that it had exited insolvency and would reposition, though its revised 
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https://truckandbusbuilder.com/article/2025/02/17/hvs-seeks-funding-to-restructure-into-a-technology-licensing-company
https://investors.hyzonfuelcell.com/news/news-details/2025/HYZON-ANNOUNCES-DELISTING-FROM-NASDAQ-AND-EXPECTED-SEC-DEREGISTRATION/default.aspx
https://investors.hyzonfuelcell.com/news/news-details/2025/HYZON-ANNOUNCES-DELISTING-FROM-NASDAQ-AND-EXPECTED-SEC-DEREGISTRATION/default.aspx
https://fuelcellsworks.com/2024/10/30/hydrogen-economy/quantron-ag-faces-bankruptcy-amid-financial-and-leadership-challenges
https://www.quantron.de/wp-content/uploads/2025/04/PM_2025-04-01_QUANTRON-recharged_EN.pdf
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strategy has not yet been disclosed. In early 2025, the trend intensified. In 
February, hydrogen fuel cell electric truck manufacturer, Nikola Corporation, filed 
for Chapter 11 bankruptcy in the United States, with Lucid Group later acquiring 
selected manufacturing assets, but excluding Nikola’s truck technology or 
customer base. Around the same time, Hyvia, a joint venture between Renault and 
Plug Power, entered legal liquidation, while Cummins acquired selected assets 
from First Mode following its bankruptcy, including hybrid powertrain solutions for 
mining and rail applications. In May 2025, Hynion’s Swedish subsidiary (Hynion 
Sverige), a hydrogen refuelling station operator, filed for bankruptcy. 

Hydrogen-related aviation companies are also facing headwinds, particularly due 
to the high capital intensity of R&D and uncertain market demand. In mid-2024, 
Universal Hydrogen – a US start-up developing hydrogen-electric propulsion 
systems – ceased operations after failing to secure additional funding or a strategic 
buyer. In March 2025, Germany’s APUS Zero Emission entered provisional 
insolvency proceedings, pending a decision on whether the company can continue 
operations or proceed to full liquidation. 

Electrolyser and fuel cell manufacturers have also faced mounting financial 
pressure. In July 2024, Canadian fuel cell manufacturer Loop Energy filed a Notice 
of Intention under Canada’s Bankruptcy and Insolvency Act, initiating court-
supervised restructuring; it was later acquired in December 2024 by Teralta 
Hydrogen Solutions. In April 2025, McPhy launched a court-supervised sale 
process and announced plans for liquidation in May after receiving no viable bids. 
In July 2025, the court approved John Cockerill’s acquisition of McPhy, including 
its manufacturing facility and most of its workforce. In June 2025, thyssenkrupp 
nucera signed an agreement to acquire Green Hydrogen Systems’ intellectual 
property and a test facility, with the company announcing its intention to file for 
bankruptcy after the in-court restructuring process failed to secure financing. 
Meanwhile, GTT launched a strategic review of its electrolyser subsidiary Elogen, 
with plans to shift its focus away from manufacturing and reposition around R&D, 
a shift in focus that has also been seen in other companies (see Chapter 3 
Hydrogen production).  

In November 2024, project developer HH2E initiated insolvency proceedings due 
to lack of funding, and in July 2025, H2APEX completed its acquisition, becoming 
the owner of a planned 1 GW project in Germany. 

Some companies have narrowly avoided similar outcomes. In the absence of 
strong EBITDA, firms may rely on equity to fund operations, as seen with 
electrolyser OEMs Clean Power Hydrogen and Plug Power, and project developer 
Charbone, which issued new shares in the past year. Plug Power’s 
USD 525 million credit facility secured in April 2025 was intended to reduce further 
equity dilution at that time. 

https://www.nikolamotor.com/nikola-initiates-comprehensive-voluntary-chapter-11-sale-process
https://media.lucidmotors.com/en/newsitem/1017-lucid-to-acquire-select-facilities-and-assets-previously-belonging-to-nikola-corporation-will-extend-offers-to-300-former-nikola-employees
https://media.hyvia.eu/hyvia-announces-its-legal-liquidation
https://www.cummins.com/news/releases/2025/02/11/cummins-acquires-first-mode-assets-decarbonization-leadership-mining
https://www.hynion.com/news/hynion-as-subsidiary-hynion-sverige-ab-files-for-bankruptcy
https://www.ainonline.com/aviation-news/futureflight/2024-07-01/universal-hydrogen-runs-out-cash-and-closes-business
https://aerospaceglobalnews.com/news/apus-zero-emission-enters-insolvency-but-remains-bullish-about-upcoming-first-flight/
https://teralta.com/press-release/teralta-acquires-loop-energy-to-advance-its-clean-hydrogen-strategy/
https://www.mcphy-finance.com/images/PDF/cp/gb/2025/McPhy_PR_14052025_Fin_P%C3%A9riode_dOffres_EN_b86bb.pdf
https://www.boursorama.com/bourse/actualites/hydrogene-la-cession-de-mcphy-a-john-cockerill-confirmee-par-la-justice-ad7c3a2b2127ecb4b8d0e2bd31efd806
https://www.thyssenkrupp-nucera.com/thyssenkrupp-nucera-signs-an-agreement-to-acquire-key-technology-assets-from-green-hydrogen-systems/
https://gtt.fr/news/initial-conclusions-elogens-strategic-review-and-changes-gtts-governance
https://fuelcellsworks.com/2024/11/08/clean-hydrogen/hh2e-ag-files-for-self-administration-to-secure-sustainable-future
https://h2apex.com/en/h2apex-news/closing-of-the-acquisition-of-hh2e-werk-lubmin-gmbh/
https://fuelcellsworks.com/2025/01/16/clean-hydrogen/clean-power-hydrogen-plc-issues-additional-shares-to-fulfill-rising-demand
https://fuelcellsworks.com/2025/03/19/electrolyzer/plug-power-secures-280m-in-upsized-offering-to-strengthen-financial-position-and-drive-profitability
https://static1.squarespace.com/static/5cb8abcfb2cf7943b7b16770/t/674fa7321e10cc6bcfe73c4d/1733273395345/CHARBONE-Equity+3rdTranche_FINAL_FR_2024-12-03_v2.pdf
https://www.nasdaq.com/articles/plug-power-signs-525-million-secured-debt-facility-and-reports-key-operational-milestones
https://www.nasdaq.com/articles/plug-power-signs-525-million-secured-debt-facility-and-reports-key-operational-milestones
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As the sector continues to evolve, striking the right balance between innovation, 
recalibration after the initial wave of enthusiasm, organisational agility and financial 
discipline will be essential for its maturation and eventual consolidation. 
Companies will also need to define their strategic positioning, whether to scale as 
manufacturers or focus on R&D and technology licensing. Even when companies 
shut down, whether through restructuring, acquisition, or liquidation, their 
technological know-how is often transferred or absorbed, preserving innovation 
and contributing to broader industry learning. The tricky path to profitability, often 
lengthy and marked by downturns, is one that other technology sectors, such as 
solar PV, electric vehicles and semiconductors, have also navigated. 

Development finance institutions are laying the 
groundwork for low-emissions hydrogen in EMDEs 

Development finance institutions (DFIs) account for only around 1% of total energy 
sector financing, but their role in shaping clean energy transitions in emerging 
markets and developing economies (EMDEs) is far greater than that share 
suggests. By supporting early-stage, high-risk projects that may not yet attract 
commercial funding, DFIs play a critical role in enabling investment, de-risking 
technologies, and laying the groundwork for long-term, transformative 
development. Their support often extends beyond capital, including sector-specific 
policy engagement and technical assistance to build local capacity. Around 30% 
of the production from announced low-emissions hydrogen projects, and more 
specifically nearly 40% of electrolytic hydrogen production, comes from projects 
that are planned in EMDEs other than China, where successful deployment could 
support industrial development and export-oriented growth. With FIDs in hydrogen 
projects still limited in most EMDEs (5% compared with a global average of 11%), 
DFIs could play a critical role in filling early-stage funding gaps and enabling the 
project pipeline to mature.  

DFI funding in low-emissions hydrogen rose sharply between 2022 and 2025, from 
virtually zero to USD 4.6 billion in committed funding, with an additional 
USD 2.1 billion announced and pending final approval. In 2023, announcements 
reached a historic high of USD 4.8 billion, though only USD 1.2 billion was 
committed that year. While announcements slowed in 2024 and 2025, 
commitments increased, rising to USD 1.6 billion in 2024 and USD 1.8 billion by 
mid-2025, partly consolidating earlier announcements. For context, DFIs 
disbursed an average of USD 24 billion annually to energy-related projects 
between 2019 and 2022. If they are eventually disbursed, recent hydrogen-related 
announcements could account for a notable share of broader energy financing by 
DFIs. 

https://www.iea.org/commentaries/the-role-of-development-finance-institutions-in-energy-transitions
https://www.iea.org/commentaries/the-role-of-development-finance-institutions-in-energy-transitions
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The majority of DFI financing for hydrogen projects, considering both announced 
and committed funds, is in the form of loans. These account for over 95% of 
announced support, followed by smaller volumes of grants and minimal equity 
investment. However, due to the early stage of hydrogen development in many 
EMDEs, disbursements to date have focused primarily on technical assistance. 
These grants – often aimed at feasibility studies, capacity-building and regulatory 
scoping – are essential for preparing the ground for future investment. In many 
cases, basic sectoral knowledge, institutional readiness and project pipelines must 
be established before large-scale capital can be deployed effectively. 

Figure 5.5. Funding allocated by development finance institutions to countries for 
low-emissions hydrogen, 2021-2025 

 
IEA. CC BY 4.0. 

Notes: EIB = European Investment Bank; IDB = Inter-American Development Bank; KfW = Kreditanstalt für Wiederaufbau 
(Germany´s development bank). Unless otherwise indicated, funding is committed. For 2025, data are as of mid-2025. 
Source: IEA analysis based on the publicly available information until June 2025. 

Since 2022, India, Brazil and Chile have been the recipients of the most DFI funding for 
hydrogen, with the World Bank and IDB accounting for over 90% of the total committed. 

The World Bank has accounted for more than half of announced or committed DFI 
funding for hydrogen over the past 4 years. Notably, in 2024 it approved a second 
USD 1.5 billion Development Policy Loan71 for India’s Low-Carbon Energy 
Programme, building on a similar loan approved in 2023, with the aim of 
supporting the production of 450 ktpa of low-emissions hydrogen and 1.5 GW of 
electrolyser capacity by 2026. In 2025, Mauritania´s DREAM Project was 
approved, with USD 82.5 million in Investment Project Financing for blended 
finance and capacity-building, while Brazil anticipates Investment Project 
Financing approvals of USD 1.6 billion in FY2025. 

 
 

71 Development Policy financing provides budgetary support to governments for implementing policy and institutional reforms, 
whereas Investment Project Finance is used to finance specific projects, focusing on tangible outcomes, such as building a 
hydrogen plant. 
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https://www.worldbank.org/en/news/press-release/2024/06/28/world-bank-approves-additional-1-5-billion-in-financing-to-support-india-s-low-carbon-transition
https://www.worldbank.org/en/news/press-release/2025/03/27/mauritania-advances-energy-security-with-world-bank-support?
https://documents1.worldbank.org/curated/en/099032224153521245/pdf/P1793831e6daee0b1bada10b16d9dd052c.pdf?_gl=1%2Ajx4do7%2A_gcl_au%2AMTI2NjMxMjcyMy4xNzE3NTk2OTE0&
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In March 2025, the Team Europe Renewable Hydrogen Funding Platform for 
Chile, implemented by CORFO under its Green Hydrogen Facility, announced 
committed loans of EUR 100 million each from the EIB and Germany’s KfW, 
alongside a EUR 16.5 million grant from the EU Latin America and Caribbean 
Investment Facility. The programme targets at least 150 MW of new electrolyser 
capacity and aims to crowd in additional funding, including from export credit 
agencies. In September 2024, the European Union also announced a 
EUR 32 million grant to support hydrogen development in South Africa, partly 
channelled through the French DFI AFD. 

Beyond sovereign lending, DFIs also support the private sector to develop 
hydrogen projects in EMDEs. In November 2024, IDB Invest – the private sector 
arm of the Inter-American Development Bank – proposed a USD 200 million loan 
to finance ATOME’s hydrogen project in Paraguay. As of December 2023, the 
International Finance Corporation (IFC), the private sector arm of the World Bank, 
reported that it was involved in nearly a dozen hydrogen projects globally, with 
potential investments exceeding USD 10 billion. In December 2023, IFC and 
Transition Industries signed a Joint Partnership Development Agreement for the 
USD 3.3 billion Pacífico Mexinol project in Mexico to produce 0.3 Mtpa of 
methanol from electrolysis and 1.8 Mtpa from natural gas with CCUS, with first 
engineering contracts awarded in June 2025. In addition to direct financing, the 
IFC provides regulatory support and feasibility studies to help projects reach 
investment readiness, addressing a challenge often raised by developers in 
EMDEs, who underline the critical role of DEVEX in bridging the pre-FID gap, 
particularly as FIDs require time (and money) to materialise. Appraisal phases by 
DFIs also typically involve substantial advisory services to support project 
development. 

DFIs are increasingly supporting funds and fund-of-funds structures, with around 
USD 1 billion allocated to these finance facilities that use concessional capital to 
reduce investment risk and crowd in private capital through equity or senior debt 
at commercially viable returns. Over the past year, several of these funds (Table 
5.1) have begun disbursing initial funding, mainly grants, to cover DEVEX 
expenditures. One specific financing structure is the development trust fund, in 
which one or more donors contribute capital that is held and managed by a DFI or 
multilateral body acting as trustee. Examples include the World Bank serving as 
trustee for the Climate Investment Fund and the Green Climate Fund, and the EIB 
acting as trustee for the Green Hydrogen Fund. 

The USD 80 million Accelerate-to-Demonstrate (A2D) Facility, launched in 2023 
by the United Kingdom and the United Nations Industrial Development 
Organization (UNIDO), supports smaller-scale, catalytic initiatives, including 
hydrogen projects. A2D provides grant funding for capital expenditure (CAPEX) 
and operating expenditure (OPEX), placing a strong emphasis on dissemination 

https://ec.europa.eu/commission/presscorner/detail/en/ip_23_3864
https://www.offshore-energy.biz/eu-eib-and-kfw-to-back-renewable-hydrogen-projects-in-chile-with-up-to-e216-5m/?
https://www.eeas.europa.eu/sites/default/files/documents/2024/Media%20Announcement%20by%20EU%20on%20Grant%20funding%20for%20SA%20Green%20Hydrogen%20.pdf
https://www.londonstockexchange.com/news-article/ATOM/idb-proposal-for-us-200-million-funding-for-atome/16774532
https://www.ifc.org/en/what-we-do/sector-expertise/manufacturing/decarbonization/clean-hydrogen
https://www.ifc.org/en/pressroom/2023/ifc-and-transition-industries-announce-agreement-to-develop-net-zero-world-scale-methanol-project-in-mexico
https://www.groupmaire.com/en/newsroom/press-releases/detail/nextchem-maire-awarded-about-210-million-contract-for-the-basic-engineering-and-the-supply-of-critical-proprietary-equipment-for-the-pacifico-mexinol-ultra-low-carbon-methanol-project-in-mexico-based-on-its-nx-adwinmethanol-zero-technology/
https://www.groupmaire.com/en/newsroom/press-releases/detail/nextchem-maire-awarded-about-210-million-contract-for-the-basic-engineering-and-the-supply-of-critical-proprietary-equipment-for-the-pacifico-mexinol-ultra-low-carbon-methanol-project-in-mexico-based-on-its-nx-adwinmethanol-zero-technology/
https://www.unido.org/news/uk-and-unido-strengthen-collaboration-through-newly-established-team-deliver-gbp-65-million-accelerate-demonstrate-a2d-facility
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and replication through lighthouse projects. In April 2025, the Daures Green 
Hydrogen Village project in Namibia, which will produce ammonium sulphate 
fertiliser, was selected in the first funding round. A second call for proposals was 
launched in May 2025. 

Table 5.1 Development finance institutions’ contributions and disbursements to 
funds in emerging markets and developing economies targeting hydrogen-
related investments 

Fund Description and projects financed 

Climate Investor 
Three (CI3) 

feeder fund72 

In 2025, Climate Fund Managers (jointly owned by the Dutch DFI FMO 
and South Africa´s Sanlam InfraWork) secured EUR 150 million for its 
CI3 fund targeting renewable hydrogen and energy transition projects in 
EMDEs. CI3 regional initiatives include the SDG Namibia One Fund and 
the SA - H2 Fund in South Africa (see below). 

SDG Namibia 
One Fund 

Co-developed with the Environmental Investment Fund of Namibia and 
Dutch DFI Invest International, with a funding target of USD 1 billion for 
Namibia’s renewable hydrogen sector. In September 2024, the 
European Union announced a EUR 25 million investment under its Global 
Gateway strategy. 

• The fund is supporting the HyIron project for DRI production. 
• The fund provided EUR 23 million in DEVEX support for the 

Hyphen ammonia project and agreed to acquire a 24% equity 
stake. 

SA-H2 Fund, 
South Africa 

In 2025, the fund secured USD 37 million from South Africa’s Public 
Investment Corporation, the Development Bank of Southern Africa and 
South Africa’s Industrial Development Corporation (IDC), which had 
previously secured USD 80 million from the European Commission and 
Dutch DFI Invest International. 

• In June 2025, it allocated up to USD 20 million to Hive’s Coega 
Green Ammonia Project, targeting 1 Mtpa ammonia production 
by 2029. 

IDC-KfW Green 
Hydrogen Fund, 
South Africa - 

Germany 

In November 2023, Germany’s KfW and South Africa’s IDC established 
the fund, which by 2025 had secured EUR 40 million in funding. 

• In June 2025, it approved its first grant to the Prieska project, 
which aims to produce 0.5 Mtpa of low-emissions ammonia by 
2030. 

 
 

72 A feeder fund may invest directly into projects but may also invest in country-specific underlying funds. 

https://daures.green/unido-announces-daures-green-hydrogen-village-as-a-demonstrationproject-under-the-accelerate-to-demonstrate-a2d-facility/
https://www.unido.org/news/accelerate-demonstrate-a2d-facility-launches-second-call-proposals-its-first-annual-event
https://climatefundmanagers.com/2025/02/20/cfm-forms-energy-transition-and-green-hydrogen-infrastructure-fund-climate-investor-three-with-eur-150-million-capital-commitments/
https://climatefundmanagers.com/2024/10/25/nam-h2-fund-managers-and-hyiron-sign-development-funding-agreement-for-africas-first-ever-green-iron-plant-in-namibia/
https://climatefundmanagers.com/2024/09/04/nam-h2-fund-managers-secures-eur-25-million-investment-from-the-european-union-to-propel-namibias-green-hydrogen-sector/
https://www.namibian.com.na/eu-reaffirms-commitment-to-namibias-green-industrial-future-at-hyiron-launch/
https://climatefundmanagers.com/2023/12/22/hyphen-hydrogen-energy-and-sdg-namibia-one-fund-agree-on-equity-stake-in-countrys-first-gigawatt-scale-green-hydrogen-project/
https://climatefundmanagers.com/2025/06/11/south-africas-pic-dbsa-and-idc-commit-to-sa-h2-as-fund-makes-first-investment-in-green-hydrogen-sector/
https://climatefundmanagers.com/2025/06/11/sa-h2-fund-makes-inaugural-investment-in-hive-hydrogen-south-africas-first-large-scale-green-ammonia-plant/
https://www.kfw.de/About-KfW/Newsroom/Latest-News/Pressemitteilungen-Details_786048.html
https://ptx-hub.org/african-green-hydrogen-summit-2025/
https://ptx-hub.org/african-green-hydrogen-summit-2025/
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Fund Description and projects financed 

PtX Development 
Fund, Germany 

In November 2023, the German government and KfW established the PtX 
Development Fund to support large-scale low-emissions hydrogen 
projects in EMDEs, with EUR 270 million in funding. 

• In October 2024, the fund awarded a EUR 30 million grant to a 
70 ktpa ammonia project in Egypt’s Suez Canal Economic Zone. 

• In February 2025, a second EUR 30 million grant was awarded to 
the Jorf Hydrogen Platform in Morocco, targeting 100 ktpa 
ammonia production by end-2026. 

Climate 
Investment Fund 

(CIF) 

CIF is a trust fund established in 2008 by the World Bank, the trustee, to 
finance climate mitigation and adaptation, pooling resources from multiple 
donors. Those supporting hydrogen come from the Clean Technology 
Fund. 

• The fund is supporting the Pecém Verde project in Brazil with 
USD 35 million (USD 33.5 million concessional loan, 
USD 1.5 million grant) for infrastructure to produce electrolytic 
hydrogen, under the Renewable Energy Integration programme. 

• In June 2025, CIF selected Brazil, Egypt, Mexico, Namibia, 
South Africa, Türkiye and Uzbekistan for the USD 1 billion 
Industry Decarbonization programme (targeting USD 12 in co-
financing per USD 1 CIF funding); low-emissions hydrogen was 
identified as a priority in all selected countries. 

Green Climate 
Fund (GCF) 

GCF was established within the framework of the United Nations 
Framework Convention on Climate Change (UNFCCC) in 2010; the 
World Bank acts as a trustee, and is supporting some hydrogen-related 
projects: 

• In July 2025, GCF approved USD 50 million in concessional 
finance for ATOME’s Villeta project in Paraguay. 

Green Hydrogen 
Fund 

Established in 2021 with the EIB as trustee and in partnership with 
Germany’s GIZ, the fund serves as a platform for collaboration with other 
DFIs and private financial institutions. Replenished in December 2023, it 
has reached total funding of EUR 459 million. Since inception, it has 
provided technical assistance and advisory services, while investment 
grants are under discussion. The fund targets EMDEs listed by the OECD 
Development Assistance Committee’s list of recipients of official 
development assistance. 

Copenhagen 
Infrastructure 

Growth Markets 
Fund II 

In October 2024, the US International Development Finance Corporation 
committed USD 50 million in equity to the Copenhagen Infrastructure 
Growth Markets Fund II, which includes power-to-X projects in EMDEs. 

 

https://www.ptx-fund.com/guidelines-criteria
https://www.ptx-fund.com/guidelines-criteria
https://www.kgal.de/en/ptx-development-fund-by-kfw-and-kgal-makes-first-contribution-to-egyptian-hydrogen-project/?
https://www.ptx-fund.com/documents/KGAL_KfW_PtX_Development_Fund_makes_contribution_to_Moroccan_H2_project.pdf
https://www.cif.org/sites/cif_enc/files/meeting-documents/ctf_tfc.25_inf.2_ctf_trustee_report.pdf
https://www.cif.org/news/green-hydrogen-why-brazils-port-pecem-beacon-innovation
https://www.energymonitor.ai/news/cif-industry-decarbonisation-programme-investment/?cf-view
https://www.cif.org/knowledge-documents/IndustryCountriesBrochure
https://polaris.brighterir.com/public/atome/news/rns/story/xj247gr
https://www.eib.org/en/press/news/replenishment-of-green-hydrogen-fund-eib-and-germany-accelerate-global-ramp-up-of-clean-hydrogen
https://www.eib.org/en/products/mandates-partnerships/donor-partnerships/trust-funds/green-hydrogen-fund
https://www.oecd.org/content/dam/oecd/en/topics/policy-sub-issues/oda-eligibility-and-conditions/DAC-List-of-ODA-Recipients-for-reporting-2024-25-flows.pdf
https://www.oecd.org/content/dam/oecd/en/topics/policy-sub-issues/oda-eligibility-and-conditions/DAC-List-of-ODA-Recipients-for-reporting-2024-25-flows.pdf
https://www.oecd.org/content/dam/oecd/en/topics/policy-sub-issues/oda-eligibility-and-conditions/DAC-List-of-ODA-Recipients-for-reporting-2024-25-flows.pdf
https://www.dfc.gov/media/press-releases/dfc-commits-more-12-billion-fiscal-year-2024-address-foreign-policy-and
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Innovation on hydrogen technologies 
Hydrogen technologies have reached new milestones since GHR-24, achieving 
higher technology readiness levels (TRL), which indicates that long-standing 
innovation efforts are starting to bear fruit. This fifth edition of the GHR marks the 
highest number of upward shifts in TRLs to date, with 10 technologies advancing 
by at least one TRL (Figure 5.6-Figure 5.7).73 Several others are positioned to 
progress further, contingent on the successful completion of ongoing 
demonstration projects. The share of technologies with a TRL below 4 is relatively 
small, indicating that most technologies not yet on the market have at least 
reached the pilot phase and are approaching first-of-a-kind demonstration or 
commercialisation. Notably, innovation activity is increasingly extending beyond 
supply-side technologies, with significant progress also observed in demand-side 
applications. 

In April 2025, the IEA released its first State of Energy Innovation report, 
highlighting key innovation developments over the past year that have 
strengthened confidence in the accelerating pace of energy technology progress 
and associated cost reductions. Building on the same approach and grouping 
them into the same five innovation categories, this section provides a snapshot of 
selected hydrogen-related innovation milestones. These examples have been 
chosen to illustrate the breadth of technological and geographical progress across 
the hydrogen value chain. However, they represent only a small fraction of the 
advances under way, many of which are documented in greater detail in the IEA’s 
ETP Clean Energy Technology Guide. 

 
 

73 In line with common usage of the TRL scale, the highest level is TRL 9. To provide additional insights into progress after 
reaching TRL 9, three adoption levels are used that are separated from the TRL assessment. The first of these is "awaiting 
adoption", which refers to technologies that have been successfully operated in a commercial environment and can be 
procured with appropriate technology guarantees, but for which there is no significant market for investment in new 
installations, whether supported by policy or not. The second level ("building momentum") refers to technologies that are 
being adopted in a limited number of countries or sectors and this adoption is set to grow further. The third level ("commercial 
in many markets") is reserved for technologies that are being readily adopted across multiple markets with few apparent 
barriers to reaching their full potential vis-a-vis competitors. Note that this represents an update compared to the classification 
shown in previous editions of GHR and the IEA ETP Clean Energy Technology Guide, from which TRL levels 10 and 11 are 
being phased out by the IEA. 

https://www.iea.org/reports/the-state-of-energy-innovation
https://www.iea.org/data-and-statistics/data-tools/etp-clean-energy-technology-guide?layout=list&selectedTechID=1c9a1a3c
https://www.iea.org/data-and-statistics/data-tools/etp-clean-energy-technology-guide?layout=list&selectedTechID=1c9a1a3c
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Figure 5.6. Technology readiness levels of technologies for the production of low-emissions hydrogen and synthetic hydrocarbons, 
and infrastructure 

 
Notes: AEM = anion exchange membrane; ALK = alkaline; ATR = autothermal reformer; CCUS = carbon capture, utilisation and storage; CH4 = methane; DME = dimethyl ether; GHR = gas 
heated reformer; LOHC = liquid organic hydrogen carrier; NG = natural gas; NH3 = ammonia; PEM = proton exchange membrane; SMR = steam methane reformer; SOEC = solid oxide 
electrolyser cell. Biomass refers to both biomass and waste. Arrows show changes in technology readiness level between mid-2024 and mid-2025. For technologies in the CCUS category, the 
technology readiness level refers to the overall concept of coupling production technologies with CCUS and high CO2 capture rates. Pipelines refer to onshore transmission pipelines. Storage in 
depleted gas fields and aquifers refers to pure hydrogen and not to blends. LOHC refers to hydrogenation and dehydrogenation of liquid organic hydrogen carrier. 
Sources: IEA (2025), Clean Energy Technology Guide; IEA Hydrogen Technology Collaboration Programme. 

Underground hydrogen storage has been validated by real-world testing, while synthetic fuel production via Fischer–Tropsch synthesis is 
advancing towards commercial scale.  

https://www.iea.org/data-and-statistics/data-tools/etp-clean-energy-technology-guide
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Figure 5.7. Technology readiness levels of technologies for hydrogen end uses by sector 

 
IEA. CC BY 4.0. 

Notes: BF = blast furnace; CCUS = carbon capture, utilisation and storage; CH4 = methane; DRI = direct reduced iron; FC = fuel cell; HRS = hydrogen refuelling station; HD = heavy-duty; HT = 
high throughput; ICE = internal combustion engine; LD = light-duty; MeOH = methanol; NH3 = ammonia; PEM FC = proton exchange membrane fuel cell; SOFC = solid oxide fuel cell; VRE = 
variable renewable electricity. “Other” in industry includes all industrial sectors except methanol, ammonia and iron and steel production. “Other” in transport includes rail and aviation. Arrows 
show changes in technology readiness level between mid-2024 and mid-2025. Cogeneration refers to the combined production of heat and power.  
Sources: IEA (2025), Clean Energy Technology Guide; IEA Hydrogen Technology Collaboration Programme. 

End-use technologies are gaining ground, with several shipping technologies nearing readiness and advancing from the lab to the dockyard, 
and industrial projects under construction for delivering 100% hydrogen-based DRI within this decade. 

https://www.iea.org/data-and-statistics/data-tools/etp-clean-energy-technology-guide
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Technology readiness levels climb, but the final step to 
market still lies ahead 

Prominent advances in research and prototyping 

 

Note: Country flags represent headquarters of key firms and institutions, as well as project locations, if 
different. 

 
Iridium-free PEM electrolyser maintains performance over 15 000 hours in 
durability testing. Electrolytic hydrogen production technologies are 
commercially available, with proton exchange membrane (PEM) and alkaline 
electrolysers representing the most mature designs. Ongoing innovation efforts 
are focused on reducing hydrogen production costs, particularly for PEM systems, 
by minimising the use of platinum group metals in catalysts to lower stack costs. 
In February 2025, US-based Calicat reported that its non‑iridium PEM electrolyser 
catalyst sustained current densities above 2 A/cm² at a cell voltage of 2 V, a 
performance level typically requiring iridium. The catalyst demonstrated stable 
operation over 15 000 hours, addressing durability, a key limitation of non-iridium-
based catalysts. 

First subsurface bio-stimulated hydrogen production trial in a legacy oilfield 
yields a 40% H2 concentration in the resulting gas stream. In June 2025, 
Gold H2 completed a trial in California’s San Joaquin Basin using its proprietary 
biotechnology to stimulate microbial activity in a depleted oil well. The process 
involves flooding the reservoir with microbes, turning the well into a fermentation 
reactor where residual hydrocarbons are broken down into hydrogen and CO₂. 
The resulting H2-rich gas is extracted, while the CO₂ is either retained within the 
reservoir or sequestered through reinjection. As part of a broader category on 
subsurface technologies, this area has been further detailed in the ETP Clean  
 
 
 
 

https://fuelcellsworks.com/2025/02/12/electrolyzer/calicat-breaks-2v-barrier-with-zero-iridium-pem-electrolyzer-catalyst-paving-way-for-green-hydrogen-cost-reductions
https://calicat.com/amplifier/
https://goldhydrogen.com/press-release-gold-h2-delivers-first-successful-subsurface-bio-stimulated-hydrogen-production-field-trial/
https://www.hartenergy.com/exclusives/gold-h2-oil-company-ink-deal-microbial-hydrogen-technology-209842
https://www.hartenergy.com/exclusives/gold-h2-oil-company-ink-deal-microbial-hydrogen-technology-209842
https://www.iea.org/data-and-statistics/data-tools/etp-clean-energy-technology-guide
https://www.iea.org/data-and-statistics/data-tools/etp-clean-energy-technology-guide
https://www.iea.org/data-and-statistics/data-tools/etp-clean-energy-technology-guide
https://www.iea.org/data-and-statistics/data-tools/etp-clean-energy-technology-guide
https://www.iea.org/data-and-statistics/data-tools/etp-clean-energy-technology-guide
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Energy Technology Guide in its April 2025 edition and includes both naturally 
occurring and artificially stimulated hydrogen74. Progress on natural hydrogen is 
summarised in Box 5.3. 

 

Box 5.3 Natural hydrogen draws attention, but is still at an exploratory 
stage 

Natural hydrogen has gained attention in recent years, with investor interest 
growing despite the early stage of surface and subsurface exploration methods. 
The only commercial production to date is at the Bourakebougou field in Mali 
(5 tpa, equivalent to 100 barrels of oil per year). Commercial development at scale 
before 2030 remains uncertain, due to the lack of established exploration tools and 
limited understanding of natural hydrogen’s subsurface potential, particularly its 
generation, migration and, critically, its accumulation in commercially viable 
quantities. As a result, the cost of production remains highly uncertain and will 
depend on factors such as availability at scale, reservoir concentration, ease of 
extraction and the extent of gas clean-up required based on the composition of co-
produced gases. Activity remains at the characterisation (surface prospecting, 
subsurface surveys) or appraisal stage, with some notable developments since 
GHR-24: 

 Europe. In Spain, Helios Aragón is developing the Monzon-2 project, with 
appraisal drilling planned for H2 2025. In France, Storengy and 45-8 ENERGY 
has secured exploration licenses for nearly 1 000 km2 in the south-west, while 
Mantle8 is developing AI tools to identify reservoirs in the Pyrenees. In Finland, 
80 Mile reported significant surface hydrogen concentrations at legacy drill 
holes at its Hammaslahti project. In the United Kingdom, Desert Energy 
secured a 960 km2 exploration licence. 

 North America. The US Geological Survey released its first hydrogen 
prospectivity map identifying areas with high potential for exploration. HyTerra 
confirmed up to 96% hydrogen purity at its Nemaha Project in Kansas and 
began appraisal drilling, Top End Energy expanded its Kansas lease to 
120 km2, while Koloma and PureWave Hydrogen continued exploration. Desert 
Mountain Energy plans exploration in Arizona and New Mexico, and 
Primary Hydrogen in Colorado. In Canada, Max Power Mining announced 87% 
hydrogen purity in Saskatchewan, with 5 200 km2 permitted for exploration and 
23 000 km2 under application. QMIC conducted a geochemical survey in 
Ontario-Quebec, began drilling and confirmed high hydrogen levels in 

 
 

74 Natural geologic hydrogen refers to hydrogen that accumulates in subsurface reservoirs over geological timescales, while 
stimulated geologic hydrogen involves accelerating these processes, such as through mineralisation, or applying in situ 
methods such as underground reforming or bio-stimulation. 

https://www.iea.org/data-and-statistics/data-tools/etp-clean-energy-technology-guide
https://www.rystadenergy.com/news/white-gold-rush-pursuit-natural-hydrogen
https://doi.org/10.1126/sciadv.ado0955
https://www.science.org/content/article/hidden-hydrogen-earth-may-hold-vast-stores-renewable-carbon-free-fuel
https://www.science.org/content/article/hidden-hydrogen-earth-may-hold-vast-stores-renewable-carbon-free-fuel
https://helios-aragon.com/aragon-project/
https://www.storengy.com/en/medias/news/natural-hydrogen-storengy-and-45-8-energy-obtain-two-licenses
https://mantle8.com/natural-hydrogen-exploration-startup-mantle8-raises-e3-4m-seed-round-to-scale-revolutionary-technology
https://fuelcellsworks.com/2024/10/21/green-hydrogen/80-mile-plc-discovers-natural-hydrogen-helium-at-hammaslahti-project-in-finland
https://www.desertmountainenergy.com/desert-mountain-energy-advances-helium-and-hydrogen-opportunities-and-partnerships/
https://www.usgs.gov/tools/geologic-hydrogen-prospectivity-map-explorer
https://www.usgs.gov/tools/geologic-hydrogen-prospectivity-map-explorer
https://pubs.usgs.gov/pp/1900/pp1900.pdf
https://wcsecure.weblink.com.au/pdf/HYT/02943723.pdf
https://hyterra.com/stocktake-hyterra-spins-up-for-hydrogen-in-the-sunflower-state/
https://fuelcellsworks.com/2025/05/12/green-hydrogen/top-end-energy-secures-30-000-acres-for-serpentine-natural-hydrogen-project-in-kansas
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/energy-transition/012425-geologic-hydrogen-explorer-koloma-with-400-mil-in-funding-quiet-on-next-step
https://energynews.pro/en/purewave-hydrogen-strengthens-position-in-kansas-mid-continent-rift/
https://fuelcellsworks.com/2025/04/29/hydrogen-market/desert-mountain-energy-advances-helium-and-hydrogen-opportunities-and-partnerships
https://fuelcellsworks.com/2025/04/29/hydrogen-market/desert-mountain-energy-advances-helium-and-hydrogen-opportunities-and-partnerships
https://fuelcellsworks.com/2025/05/13/green-hydrogen/primary-hydrogen-commences-exploration-at-dove-creek
https://www.maxpowermining.com/max-power-nearly-triples-size-of-rider-natural-hydrogen-project-stakes-2112-additional-sq-kmhistorical-hydrogen-grades-up-to-87-1/
https://fuelcellsworks.com/2025/06/18/green-hydrogen/max-power-team-identifies-rare-basement-source-rocks-as-potential-natural-hydrogen-source
https://fuelcellsworks.com/2025/05/01/green-technology/qimc-advances-with-phase-1-drilling-program-targeting-high-potential-hydrogen-zones-in-st-bruno-de-guigues-quebec-more-upcoming-monitoring-and-measuring-hydrogen-results
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Nova Scotia, where soil gas sampling started. In Quebec Squatex acquired 
60 km2, and in Ontario DiagnaMed holds exploration permits and 
Record Resources acquired land. In British Columbia, a satellite survey 
confirmed hydrogen-rich zones on 22 000 km2, including Protium’s lands, and 
Primary Hydrogen plans exploration, and in Newfoundland First Atlantic Nickel 
also plans exploration. 

 South America. In Colombia, the National Hydrocarbons Agency confirmed 
subsoil hydrogen reserves in the Cordillera Oriental and Sinú-San Jacinto 
basins. Uruguay’s ANCAP plans to launch a bidding round for geologic 
hydrogen exploration by end-2025. In Brazil, Petrobras is investing around 
USD 4 million in exploratory research, initiated in Bahia in 2023 and planned 
for expansion. 

 Asia Pacific. In South Australia, Gold Hydrogen plans appraisal drilling at its 
Ramsay project by end-2025, D3 Energy has acquired exploration permits for 
nearly 6 000 km2, Whitebark Energy will launch geochemistry surveys in mid-
2025, and Thor Energy has announced positive results at its Hy-Range project 
and added 6 300 km2 of exploration licences. In Tasmania, Devil Resources 
holds exploration licences for 6 000 km2. New Zealand launched a public 
consultation on regulating hydrogen exploration. The Philippines launched the 
world’s first natural hydrogen exploration auction in 2024, covering 2 300 km2, 
after confirming 800 tpa H2 at the Nagsasa seepage. In Indonesia’s Sulawesi 
island, Pertamina Hulu Energi drilled three wells, with the Geological Agency 
confirming hydrogen at surface seepages. 

 Africa. In Morocco, Getech and Sound Energy have created the JV HyMaroc 
and negotiate rights for exploration of geologic hydrogen. 

 

The presence of helium in the same geological formations could present an 
opportunity to improve project economics through co-production. Hydrogen and 
helium frequently co‑occur in subsurface reservoirs, and helium’s high market 
value (USD 35–70/kg in 2025) has driven interest in joint exploration strategies. 
Several of the companies mentioned above, such as Devil Resources, HyTerra, 
H2Au, 45‑8 ENERGY and HyMaroc, are pursuing integrated hydrogen–helium 
exploration efforts. 

https://fuelcellsworks.com/2025/06/10/hydrogen-market/qimc-and-qmet-expand-hydrogen-development-with-phase-2-program-in-nova-scotia-project
https://fuelcellsworks.com/2025/06/27/green-hydrogen/squatex-diversifies-its-exploration-strategy-with-natural-hydrogen-targets
https://fuelcellsworks.com/2025/06/17/green-hydrogen/diagnamed-advances-ontario-natural-hydrogen-and-helium-program-with-strategic-geological-targeting-in-timiskaming-graben
https://nath2investing.com/article/record-resources-expands-hydrogen-portfolio-with-new-claims-at-lake-temiskaming
https://www.newsfilecorp.com/release/253632/Protium-Clean-Energy-Corp.-Announces-Results-of-Satellite-Gas-Surveys-in-British-Columbia
https://fuelcellsworks.com/2025/05/30/green-hydrogen/primary-hydrogen-outlines-initial-exploration-program-for-wicheeda-north
https://www.globenewswire.com/news-release/2025/03/19/3045191/0/en/First-Atlantic-Nickel-and-Colorado-School-of-Mines-Launch-Research-Partnership-to-Explore-Geologic-Hydrogen-Potential-in-Newfoundland-Ophiolites.html
https://www.minenergia.gov.co/es/sala-de-prensa/noticias-index/gobierno-nacional-confirma-hallazgo-de-hidrogeno-natural-en-el-subsuelo-colombiano/
https://www.oedigital.com/news/525470-uruguay-s-ancap-to-launch-bidding-for-natural-hydrogen-exploration-by-year-end
https://estadaori.estadao.com.br/2024/05/03/petrobras-investe-r-20-milhoes-em-hidrogenio-branco/
https://agencia.petrobras.com.br/w/sustentabilidade/petrobras-investira-r-20-milhoes-em-pesquisas-sobre-hidrogenio-natural
https://agencia.petrobras.com.br/w/sustentabilidade/petrobras-investira-r-20-milhoes-em-pesquisas-sobre-hidrogenio-natural
https://www.goldhydrogen.com.au/updates/timely-boost-for-new-drill-program/
https://fuelcellsworks.com/2025/06/18/clean-energy/d3-energy-expands-global-helium-hydrogen-footprint-with-arckaringa-basin-acquisition-in-south-australia
https://fuelcellsworks.com/2025/04/10/clean-energy/whitebark-launches-soil-geochemistry-survey-at-rickerscote-prospect-targeting-major-white-hydrogen-potential
https://thorenergyplc.com/investor-updates/outstanding-geochemical-results-demonstrate-prolific-hydrogen-and-helium-systems-at-hy-range-project-south-australia/
https://thorenergyplc.com/investor-updates/gas-storage-exploration-licences-south-australia/
https://www.devilresources.com/
https://www.mbie.govt.nz/have-your-say/regulatory-proposals-for-natural-and-orange-hydrogen-development
https://www.mbie.govt.nz/have-your-say/regulatory-proposals-for-natural-and-orange-hydrogen-development
https://fuelcellsworks.com/news/global-interest-in-philippine-hydrogen-exploration-initiatives
https://www.hydrogeninsight.com/innovation/high-seepage-of-natural-hydrogen-at-philippines-site-suggests-millions-of-tonnes-could-be-trapped-below-ground/2-1-1771755
https://voi.id/en/economy/380296
https://tanahair.net/geological-agency-finds-natural-hydrogen-source-in-central-sulawesi/
https://www.globalhydrogenreview.com/hydrogen/26062025/moroccan-hydrogen-and-helium-exploration-joint-venture-to-follow-up-screening-study/
https://yigasgroup.com/helium-price-per-kilogram-in-10-countries-2025-update/
https://yigasgroup.com/helium-price-per-kilogram-in-10-countries-2025-update/
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First-of-a-kind pilot and demo achievements 

 

 
First 100 kW pilot for direct seawater electrolysis completed and MW-scale 
project begins trial operation. In December 2024, Sinopec completed a 100 kW 
pilot project at its Qingdao refinery, China, producing hydrogen directly from 
seawater using chlorine-resistant electrodes. In the same month, China National 

https://www.hydrogeninsight.com/innovation/sinopec-completes-pilot-green-hydrogen-project-that-directly-uses-seawater-for-h2-production/2-1-1755885
https://www.stdaily.com/web/gdxw/2024-12/18/content_275337.html
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Offshore Oil Corporation commenced trial operations of the world´s first 
megawatt-scale seawater electrolyser, successfully completing a test run. 

Pilot plant producing 1 tpa each of hydrogen and graphene commissioned 
using low-temperature methane pyrolysis via microwave plasma. In January 
2025, ADNOC and Baker Hughes commissioned a 1 tpa hydrogen and graphene 
pilot plant at a gas facility in Abu Dhabi, using Levidian’s LOOP technology based 
on low-temperature, low-pressure microwave plasma. Levidian also agreed with 
Dana Gas to deploy a 1.5 tpa plant in the United Arab Emirates by end-2025, 
using flared gas. In Canada, Aurora Hydrogen completed construction of a 
microwave methane pyrolysis demonstration plant.  

Hydrogen cycling successfully validated in a salt cavern over 100 cycles at 
different rates. In May 2025, the HyPSTER project announced the completion of 
4 months of hydrogen storage testing in salt caverns in France, involving 
approximately 100 injection–withdrawal cycles under varying conditions of 
pressure and cycling speed, successfully validating its feasibility. Further projects 
are underway, and in August 2024, Uniper commissioned the HPC Krummhörn 
project in Germany to test hydrogen storage in a 3 000 m³ salt cavern (1.8 GWh).  

Field test in a depleted gas reservoir successfully stores 100% H2 and 
recovers it at high purity after several months. In May 2025, the Underground 
Sun Storage 2030 project completed the first field test of 100% hydrogen storage 
in a depleted porous sandstone gas reservoir in Austria, storing 500 000 m³ and 
extracting it at high purity in two cycles. Building on this work, the EUH2STARS 
project, launched in 2024, aims to validate full-scale hydrogen storage in depleted 
gas fields by 2030 through demonstrations in Austria, Hungary, the Netherlands, 
and Spain. 

The largest ammonia cracking plant, at 15 ktpa NH3, starts operation with 
plans to scale up. Ammonia cracking technologies based on reforming 
processes are progressing toward larger-scale deployment. Topsoe’s technology 
has been in commercial operation since 1993 plant in Arroyito, Argentina, in two 
2.4 ktpd ammonia cracking lines, and its H₂Retake solution builds on this. In 
September 2024, Air Liquide began operating a 15 ktpa ammonia pilot plant in the 
Port of Antwerp, Belgium – the largest ammonia cracker (besides Arroyito) – and 
was awarded EUR 110 million to, among other things, scale up a project with a 
30 ktpa H2 (~170 ktpa ammonia) capacity under the ENHANCE initiative. In May 
2025, Uniper and thyssenkrupp Uhde announced a partnership to develop a 
28 tpd of ammonia demonstration plant at Gelsenkirchen-Scholven, Germany, for 
late 2026, linked to future import plans in Wilhelmshaven. KBR’s cracking 
technology was selected in 2023 for a 10 tpd H2 plant for Korean ISU Chemical, 
due in 2026. It was later awarded contracts for a 200 tpd H2 and a 214  tpd H2 
plant, both by Korean firm Hanwha. 

2.5 ktpa synthetic fuel plant using hydrogen and biogenic CO₂ begins 
successful operations. In June 2025, INERATEC’s 2.5 ktpa plant in Germany 
began commercial operations, producing synthetic fuels and wax from by-product 

https://news.cgtn.com/news/2024-12-20/China-debuts-world-s-1st-megawatt-seawater-electrolyzer-for-hydrogen-1zuF2fmY3Xa/index.html
https://news.cgtn.com/news/2024-12-20/China-debuts-world-s-1st-megawatt-seawater-electrolyzer-for-hydrogen-1zuF2fmY3Xa/index.html
https://adnocgas.ae/en/news-and-media/press-releases/2025/adnoc-gas-explores-groundbreaking-technology#:%7E:text=January%2016%2C%202025,future%20of%20multiple%20industrial%20applications
https://www.levidian.com/recent-press2/levidians-loop-technology-goes-live-at-one-of-the-worlds-largest-gas-processing-plants
https://www.graphene-info.com/adnoc-gas-and-baker-hughes-install-levidians-loop-technology-their-operational
https://www.graphene-info.com/levidian-and-uaes-dana-gas-plan-convert-flare-gas-graphene
https://natural-resources.canada.ca/funding-partnerships/aurora-hydrogen-demonstration-plant
https://hypster-project.eu/press-release-may-2025/
https://www.uniper.energy/hydrogen-pilot-cavern
https://www.uniper.energy/hydrogen-pilot-cavern
https://www.uss-2030.at/en/public-relations-/-publications/press/details/article/seasonal-electricity-storage-in-the-form-of-hydrogen-ready-for-scale-up.html
https://www.euh2stars.eu/en/project/project-description.html
https://www.topsoe.com/blog/crack-the-code-getting-to-know-the-basics-of-ammonia-cracking
https://www.topsoe.com/ammonia-cracking
https://direct.argusmedia.com/newsandanalysis/Article/2616937
https://www.airliquide.com/group/press-releases-news/2024-12-10/air-liquide-receives-eu-support-develop-first-large-scale-project-production-liquefaction-and
https://ammoniaenergy.org/articles/industrial-demonstration-of-ammonia-cracking-exploring-global-progress/
https://www.thyssenkrupp-uhde.com/en/media/press-releases/press-detail/uniper-and-thyssenkrupp-uhde-join-forces-for-key-technology-of-the-global-hydrogen-economy-298235
https://www.kbr.com/en/insights-news/press-release/kbr-signs-mou-isu-chemical-commercial-ammonia-cracking-unit-showcasing
https://www.kbr.com/en/insights-news/press-release/kbrs-h2act-hydrogen-technology-selected-worlds-first-commercial-ammonia
https://www.kbr.com/en/insights-news/press-release/kbrs-ammonia-cracking-technology-selected-hanwha-hydrogen-project-korea
https://www.ineratec.de/en/fueling-future-mobility-e-fuels-made-germany
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hydrogen from a chlor-alkali plant and biogenic CO₂ via Fischer–Tropsch 
synthesis. In May 2025, Infinium began construction of Project Roadrunner in the 
United States, the largest low-emissions hydrogen-based synthetic fuels plant 
currently under construction, with an expected capacity of 23 ktpa of synthetic 
aviation and other fuels. Smaller projects using electrified heat sources also 
progressed. These included the FrontFuel SynFuels project in Denmark 
(12 kg/h CO₂), which started operations in November 2024 using Topsoe’s 
electrified reverse water gas shift reactor,75 and the 2.5 ktpa of synthetic fuels 
Leuna plant in Germany, currently under construction and targeting synthetic 
kerosene and diesel production from 2027, also using Topsoe’s technology. 

Diesel produced from the first industrial-scale solar plant converting biogas 
to syngas at high temperatures, followed by Fischer–Tropsch synthesis. 
Synhelion’s DAWN plant in Germany, operational since mid-2024, uses solar 
thermal (heliostats and receiver) or PV with electric heating to generate >1 100 °C 
process heat for biogas-to-syngas conversion, followed by traditional Fischer–
Tropsch synthesis, with integrated heat storage to enable continuous operation. 
By Q2 2025, the plant was running at close to nameplate capacity, with solar fuel 
used in a Harley-Davidson motorcycle, an Audi car and a steamboat. Further 
innovation progress on technologies that aim to directly convert solar energy into 
hydrogen, chemicals or fuels is summarised in Box 5.4. 

Maiden voyage completed by world’s first vessel powered solely by 
ammonia using a 200-kW combustion engine. In June 2025, the Anhui became 
the world’s first vessel to complete a maiden voyage powered solely by ammonia 
using a 200 kW combustion engine, sailing on Chaohu Lake, China, with a 50-
tonne load. In March 2025, the Sakigake tugboat in Tokyo Bay reached 95% 
ammonia co-firing at full load in a 3-month trial by NYK and IHI. Pre-commercial 
testing for larger vessels is advancing: MAN achieved 100% ammonia operation 
in a two-stroke engine in Denmark and plans to deliver an ammonia-ready version 
by end-2025 using 5% pilot fuel76; MITSUI began testing a MAN 60-bore prototype 
in Japan for a 200 000 deadweight tonnes (DWT) bulk carrier; and WinGD 
completed full-load trials of its 52-bore low-speed engine in Switzerland, with multi-
cylinder testing planned in Shanghai. Wärtsilä has offered a modular four-stroke 
dual-fuel ammonia engine since 2023, reporting an 18% emissions improvement. 
In May 2025, MAN launched the NH₃ Spark – FutureFlex project to develop a four-
stroke engine able to run on 100% ammonia without pilot fuel. 

Maiden voyage completed by first vessels using onboard ammonia cracking 
to hydrogen for fuel cell propulsion. In mid-2024, H2SITE validated ammonia 
cracking combined with hydrogen fuel cell propulsion aboard a supply ship 
operating in the Gulf of Biscay, and Amogy’s retrofitted tugboat completed its 

 
 

75 The reactor converts CO₂ and H₂ into syngas – a mixture of CO and H₂ -- used as feedstock for the downstream Fischer–
Tropsch synthesis to produce fuels and chemicals. 
76 Pilot fuel refers to a small quantity of easily ignitable liquid fuel—typically diesel or marine fuel oil—used in engines running 
on gaseous fuels to initiate and stabilise combustion. In the case of ammonia, which has a high autoignition temperature and 
slow flame propagation, pilot fuel is currently required to ensure reliable ignition and steady operation. 

https://www.infiniumco.com/news/infinium-announces-construction-of-large-scale-efuels-production-facility-in-texas
https://www.topsoe.com/our-resources/knowledge/our-products/equipment/e-react-fuels
https://www.topsoe.com/blog/frontfuel-synfuels-demonstration
https://eudp.dk/en/node/17009
https://www.topsoe.com/press-releases/topsoe-and-sasol-selected-to-deliver-innovative-e-fuels-technology-for-an-e-saf-demonstration-plant-in-germany
https://synhelion.com/technology
https://synhelion.com/news/synhelions-plant-dawn-exceeds-expectations
https://www.nationalgeographic.com/environment/article/first-motorcycle-ride-solar-fuel
https://synhelion.com/news/synhelion-fuels-first-car-with-solar-gasoline
https://synhelion.com/news/solar-fuel-powers-steamboat-in-world-first
https://news.cgtn.com/news/2025-06-30/China-debuts-world-s-first-ammonia-powered-vessel-1ECkSjNodi0/index.html
https://www.nyk.com/english/news/2025/20250328_02.html
https://www.man-es.com/company/press-releases/press-details/2025/01/30/full-scale-ammonia-engine-runs-at--100--load
https://www.man-es.com/marine/products/two-stroke-engines/ammonia-engine
https://www.man-es.com/company/press-releases/press-details/2025/02/17/mitsui-e-s-commences-full-scale--ammonia-testing
https://www.ship-technology.com/news/wingds-x-df-a-ammonia-fuelled-engine/?cf-view
https://www.wartsila.com/media/news/27-05-2025-extensive-testing-of-wartsila-s-4-stroke-ammonia-engine-demonstrates-ghg-emission-reductions-by-up-to-90-percent-3590235
https://www.turbomachinerymag.com/view/man-energy-solutions-leads-ammonia-genset-project-nh3-spark-futureflex
https://h2site.eu/blog/h2ocean/
https://amogy.co/news/amogy-sails-worlds-first-carbon-free-ammonia-powered-maritime-vessel
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maiden voyage in the United States using the NH₃ Kraken system. In June 2025, 
Pherousa received Approval in Principle from the American Bureau of Shipping 
for an onboard ammonia cracking system integrated with PEM fuel cells, to be 
deployed on a 64 000 DWT Ultramax bulk carrier. 

First DRI produced in rotary kilns using iron ore fines and 100% H2, without 
pelletisation. In March 2025, HyIron’s Oshivela plant in Namibia produced its first 
DRI using 100% hydrogen in rotary kilns, processing magnetically separated iron 
ore fines directly without pelletisation or sintering. The plant has 15 ktpa of DRI 
capacity and targets scale-up to 2 Mtpa by 2030. 

 

Box 5.4 Turning sunbeams directly into chemicals and fuels 

Solar water-splitting technologies use energy from sunlight to turn simple 
molecules, like water, CO2 or nitrogen, directly into useful fuels and chemicals, 
such as hydrogen, ammonia, or synthetic hydrocarbons. Because these processes 
can yield a wide range of final products, the term “Sunlight-to-X” is sometimes used 
to refer to these technologies, with “X” representing the diverse array of possible 
outputs. Unlike conventional processes that first convert sunlight into electricity, 
these technologies skip this step by using special materials that absorb solar 
radiation and trigger chemical reactions directly. 

Illustrative example of conventional versus direct solar technologies 

 
Notes: Among direct solar pathways, the most advanced are those using sunlight photons, namely integrated PV-
electrolysis systems, photoelectrochemical cells and photocatalytic approaches, which harness sunlight photons to 
drive chemical reactions directly. Solar thermochemical routes depend on high-temperature heat or a combination of 
heat and light. Solar-driven biological conversion technologies, where microorganisms use sunlight to produce fuels or 
chemicals, are not represented in this figure. 
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https://amogy.co/news/amogy-sails-worlds-first-carbon-free-ammonia-powered-maritime-vessel
https://fuelcellsworks.com/2025/06/10/energy-innovation/abs-approves-ammonia-cracking-technology-for-ships-from-pherousa
https://www.pherousa.no/shipping
https://hyiron.com/hyiron-oshivela-opening/
https://hyiron.com/oshivela/
https://hyiron.com/oshivela/
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While solar water-splitting technologies remain at a demonstration stage with 
relatively low TRLs, their successful development could unlock valuable benefits: 

 Decentralisation and modularity: these technologies can operate 
independently of the electricity grid, enabling onsite production of fuels and 
chemicals. Their plug-and-play design allows installations to be sized 
according to local resource availability and demand. 

 Product selectivity and flexibility: the catalyst determines the end product, 
enabling high selectivity and targeted synthesis of specific chemicals or fuels, 
and allowing multi-product reactors tailored to user needs. 

 Potential for lower land use: laboratory-scale solar water-splitting systems 
have achieved solar-to-hydrogen (STH) efficiencies above 20%, comparable 
to or exceeding the combined efficiency of the best commercial PV panels 
today (around 24%) and electrolysers (typically ~55-65%), which would imply 
a lower round-trip solar-to-electricity-to-hydrogen efficiency. However, at the 
demonstration scale, STH efficiencies are still lower for solar water-splitting 
technologies, and the start-up SunHydrogen, for example, has reported record 
efficiencies of 9% for a 0.12 m2 module. If the technologies improve their STH 
efficiency, which measures how effectively solar energy falling on a surface is 
converted into chemical energy, higher values will translate into more fuel 
produced per square metre of sunlight, reducing the area of land potentially 
required for solar-driven chemical and fuel production. 

 

Scaling Sunlight-to-X technologies requires overcoming several barriers, 
particularly the development of stable, scalable photoelectrodes and reactor 
components that avoid the use of critical raw materials. A central challenge lies in 
the absence of standardised metrics and testing protocols, which hampers 
reproducibility and makes it difficult to compare results across laboratories and 
technology types, an issue also observed in other technologies such as perovskite 
solar cells or electrolysers, where inconsistent definitions have complicated 
performance benchmarking. International initiatives, such as the 2024 European 
Innovation Council’s Pathfinder Challenge on Solar-to-X devices, are now working 
to define common performance indicators, procedural reporting requirements and 
test protocols. These efforts, through co-ordinated international collaboration and 
broad stakeholder involvement, aim to support fair comparison and accelerate 
innovation.  

A growing number of start-ups are actively working to bring these technologies 
closer to pilot- and demonstration-scale deployment: 

 Sparc Hydrogen (Australia): A photocatalytic water-splitting pilot plant using 
concentrated solar energy began commissioning in mid-2025, aiming to test 
multiple reactor configurations and photocatalysts.  

https://doi.org/10.1038/s41467-023-39290-y
https://www.cleanenergyreviews.info/blog/most-efficient-solar-panels
https://www.cleanenergyreviews.info/blog/most-efficient-solar-panels
https://www.sunhydrogen.com/news-posts/sunhydrogen-achieves-highest-known-efficiency
https://www.nature.com/articles/s41560-019-0529-5
https://www.nature.com/articles/s41560-019-0529-5
https://www.hydrogeninsight.com/electrolysers/exclusive-chinese-hydrogen-electrolyser-makers-are-exaggerating-their-stacks-efficiencies-by-10-20-bnef/2-1-1730018
https://eic.ec.europa.eu/eic-funding-opportunities/eic-pathfinder-new-template/eic-pathfinder-challenges-2024_en
https://eic.ec.europa.eu/eic-funding-opportunities/eic-pathfinder-new-template/eic-pathfinder-challenges-2024_en
https://www.sparchydrogen.com/photocatalytic-water-splitting-technology
https://reneweconomy.com.au/untamed-dream-fortescue-backed-sunlight-to-hydrogen-pilot-goes-live/
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 SunHydrogen (United States): Launched front-end engineering for a >25 m² 
photoelectrochemical (PEC) hydrogen pilot plant, following smaller-scale 
demonstrations. The facility will integrate ~15 PEC panels, each with 1.92 m² 
active area, targeting operation in late 2025. 

 REDEEM (Austria): Advancing lab-scale photoreactor development, aiming to 
boost hydrogen production efficiency by 30% using plasmonic photocatalysts 
and to reduce reliance on titanium and palladium. 

 SolHyd (Belgium): Developing integrated 500–1000 W solar-hydrogen 
modules, with initial deployment in a Namibian project combining the systems 
with hydrogen cookstoves for rural use. 

 CSIRO’s beam-down solar reactor (Australia): CSIRO demonstrated a pilot in 
which heliostats (sun-tracking mirrors) concentrate sunlight that is redirected 
into a reactor containing doped ceria (metal oxide particles) as a catalyst, 
where high temperatures drive water-splitting.  

 NewHydrogen (United States): Stock uplisting to the OTCQB Venture Market 
in 2025 to expand investor access and increase its liquidity while advancing its 
ThermoLoop technology, a heat-driven hydrogen production technology. 

Source: Information in this box is based on inputs from Mission Innovation (MI)’s Sunlight-to-X Innovation Community. 

 

Announced commitments to go to the next level 

 

 
First plant using natural gas with CCUS via autothermal reformers is nearing 
completion. Autothermal reforming (ATR) enables high CO₂ capture rates by 
producing a single concentrated CO₂ stream. A production plant is currently under 
construction in the United States and is expected to begin operations in 2026. A 
second ATR-CCUS project in Canada has reached FID, but has been delayed 
until 2028.  

https://www.sunhydrogen.com/news-posts/tpg-feed-annoucement
https://redeemtechnologies.com/redeemblog/redeem-joins-the-kat-paws-project
https://solhyd.eu/en/
https://www.csiro.au/en/news/All/Articles/2025/June/Beam-Down-Reactor
https://newhydrogen.com/single-news.php?id=85
https://mission-innovation.net/platform/innovation-community-on-sunlight-to-x/
https://www.rystadenergy.com/insights/production-of-blue-hydrogen-using-ccs
https://www.tceq.texas.gov/downloads/agency/decisions/agendas/backup/2023/2023-1702-mwd-atc.pdf
https://www.airproducts.com/energy-transition/canada-net-zero-hydrogen-energy-complex
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The largest 100% H2-based DRI facility is under construction. The world’s 
largest 100% hydrogen-based DRI facility, Stegra’s 2.5 Mtpa plant in Sweden, has 
been under construction since 2023. Electrolyser installation began in late 2024, 
and as of June 2025, the electrolyser buildings are nearing completion and 
preparing to receive compressors. Stegra and LKAB have agreed to begin test 
deliveries by the end of 2026. 

New products and processes hitting the market 

 

 

 

https://stegra.com/news-and-stories/green-hydrogen-plant-takes-shape
https://stegra.com/news-and-stories/lkab-stegra-plan-test-deliveries-iron-ore-pellets
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500 tpa order for a the first industrial-scale low-temperature, low-pressure 
ammonia synthesis plant. Tsubame has operated a 20 tpa ammonia pilot plant 
in Japan since 2019, using electride catalysts, which have lower energy 
requirements, to enable low-temperature, low-pressure Haber–Bosch synthesis. 
In September 2024, the company received a commercial order for the first 
industrial-scale 500 tpa plant in Japan – a 25-fold scale-up – due in 2026, and in 
April 2025 signed a letter of intent with Atvos for a 20 ktpa plant in Brazil, targeting 
construction in 2026. Other companies are also advancing in low-energy ammonia 
synthesis. In February 2025, NitroVolt scaled its lithium-mediated process in 
Denmark from gramme-per-day to kilogramme-per-day levels, with planned 
deployment in plants of up to a few tonnes per day. 

A large-scale CO₂-to-methanol plant using electrolytic hydrogen starts 
successful operations. Icelandic company Carbon Recycling International 
became the first to produce methanol at industrial scale from CO₂ in 2012. Two 
plants in China – Shunli in Anyang (operating since 2022) and Sailboat in Jiangsu 
(2023) – produce over 100 ktpa of methanol from CO₂,using by-product hydrogen 
from industrial processes. The largest plant using electrolytic hydrogen is 
European Energy’s Kassø Power-to-X facility in Denmark, which began 
operations in February 2025 with a capacity of 42 ktpa of synthetic methanol. 

Shipyards begin building the first hydrogen-powered cruise ships and bulk 
carriers. In April 2025, Fincantieri began construction in Italy of the world’s first 
two hydrogen-powered cruise ships for Viking, featuring liquefied hydrogen and 
fuel cell propulsion, with delivery expected from late 2026. In June 2025, 
Norwegian company Møre Sjø ordered the first hydrogen-powered bulk carriers, 
4 000 DWT vessels using compressed hydrogen in a hybrid fuel cell–battery 
system, designed by Naval Dynamics and scheduled for delivery by 2027 from 
Gelibolu Shipyard in Türkiye. In July 2025, LH2 Shipping received USD 24 million 
in funding from ENOVA to build a liquefied hydrogen-powered bulker with 2 MW 
fuel cells and a 1 MW battery. 

700-bar hydrogen refuelling stations capable of refuelling heavy-duty trucks 
in 10 minutes became commercially available. In January 2025, Cavendish 
announced plans to commercialise its 700-bar hydrogen refuelling stations 
capable of refuelling heavy-duty trucks in 10 minutes in 2025. 

https://www.japan.go.jp/kizuna/2023/08/local_production_of_ammonia.html
https://tsubame-bhb.co.jp/en/news-en/5030/
https://tsubame-bhb.co.jp/en/news-en/6347/
https://www.nitrovolt.com/news/2025-february
https://www.nitrovolt.com/technology#solution
https://www.nitrovolt.com/technology#solution
https://carbonrecycling.com/projects/shunli
https://carbonrecycling.com/projects/sailboat
https://europeanenergy.com/kasso/
https://europeanenergy.com/kasso/
https://ir.viking.com/news-events/press-releases/detail/185/viking-and-fincantieri-announce-worlds-first-hydrogen-powered-cruise-ship-and-two-new-ship-orders
https://fuelcellsworks.com/2025/06/16/fuel-cells/m-re-sj-orders-world-s-first-hydrogen-bulk-carriers-to-replace-aging-fleet-by-2027
https://www.hydrogeninsight.com/transport/norwegian-firm-wins-state-cash-to-build-worlds-first-liquid-hydrogen-powered-bulk-carrier-ships/2-1-1841230
https://cavendishh2.com/news/a-new-school-of-refueling-stations-a-hydrogen-game-changer
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Enhancements to R&D facilities and test sites 

 

 
New open access research facility for the development and testing of 
megawatt fuel cell propulsion systems for different transport applications. 
In October 2024, the German Aerospace Center (DLR) opened the BALIS test 
centre to develop and test hydrogen fuel cell propulsion systems with megawatt-
scale outputs. At launch, the centre announced that the facility was fully booked 
for the next 3 years by research projects involving industrial partners, including 
start-ups. 

Patenting of hydrogen technologies keeps on rising 
The latest data on hydrogen patenting globally, measured by international patent 
families (IPFs), show a nearly 20% increase in applications globally in 2023,77 with 
high growth rates for technologies across the value chain, but particularly in end-
use technologies. While this marks a slowdown compared to 2022, when patenting 
rose by nearly 50%, the 5-year trend remains robust following a period of relative 
stagnation in the 2010s. Hydrogen patenting in 2023 was more than double the 
level recorded 5 years earlier. Although patenting is typically a lagging indicator of 
innovation activity, the recent acceleration suggests positive momentum that could 
translate into technological improvements in the near future. 

 
 

77 An international patent family represents an invention for which patent applications have been filed at two or more patent 
offices worldwide. It is used as means of identifying higher-value patents. 

https://www.dlr.de/en/latest/news/2024/official-opening-of-the-dlr-balis-test-centre
https://www.dlr.de/en/latest/news/2024/official-opening-of-the-dlr-balis-test-centre
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Figure 5.8. Hydrogen technology patenting trends by step in the value chain and 
main regions, 2003-2023 

 
IEA. CC BY 4.0. 

Notes: IPFs = international patent families. The calculations are based on the country of the IPF applicants, using fractional 
counting in the case of co-applications. For more information, see IEA & EPO (2023), Hydrogen patents for a clean energy 
future. 
Source: IEA analysis based on data from the European Patent Office. 

Global hydrogen patenting rose nearly 20% in 2023 and has more than doubled over the 
past 5 years, driven by rising activity across the full value chain. 

Patenting growth in 2023 varied significantly across regions. The number of patent 
applications increased notably in the European Union and the United States, with 
the latter overtaking Japan in total filings. In contrast, y-o-y patenting activity 
declined in both Japan and China. Looking at the 5-year trend, however, patenting 
more than doubled in China, the United States and Korea, and nearly tripled in the 
European Union, while remaining relatively flat in Japan, despite it being the single 
largest source of hydrogen patents in 2019. 

Year-on-year growth in hydrogen production patenting in 2023 was driven by 
electrolysis, which accounted for two-thirds of all production-related filings. 
However, this growth varied across electrolysis technologies. Patenting activity 
declined for alkaline electrolysers, a more mature technology, and for AEM 
electrolysers, while it increased significantly for PEM and SOEC, each 
representing around 40% of electrolysis-related filings in 2023. Annual trends can 
fluctuate, so multi-year patterns provide a clearer picture. Over the past 5 years, 
PEM patenting grew 2.5 times, alkaline patenting tripled, SOEC nearly 
quadrupled, and AEM increased almost fivefold. Patenting for hydrogen 
production from fossil fuels with CCS also grew strongly, more than tripling over 
5 years, though it represented only 10% of total production-related filings in 2023. 
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Figure 5.9. Hydrogen production and end-use technology patenting trends, 2003-2023 

 
IEA. CC BY 4.0. 

Notes: CCS = carbon capture and storage; IPFs = international patent families. 
Source: IEA analysis based on data from the European Patent Office. 

Automotive remains the lead sector for hydrogen end-use innovation, but emerging 
applications are catching up fast, with patents more than tripling in the past 5 years. 

Patenting in hydrogen end-use applications has increased considerably in recent 
years. While the automotive sector continues to dominate, its share declined from 
60% of end-use patents 5 years ago to less than 45% in 2023. The largest growth 
in 2023 was observed in the aviation sector, with more than 55% growth, 
accounting for 20% of end-use patenting. The chemical sector also saw notable 
growth, with a 34% y-o-y increase overall, and nearly 60% growth specifically in 
ammonia production technologies, despite more moderate figures over the past 
5 years compared to other sectors. Patenting in shipping rose modestly in 2023, 
while filings related to iron and steel technologies declined; however, in both 
cases, activity has approximately tripled over the past 5 years, highlighting the 
importance of assessing multi-year trends rather than annual fluctuations alone. 
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Chapter 6. Policies 

Highlights 

 Announced public funding for low-emissions hydrogen decreased by nearly two-
thirds compared to the Global Hydrogen Review 2024 (GHR-24), to a 
cumulative USD 38 billion, but a larger share of funds is now making its way to 
specific projects. Several programmes in the European Union, India, Japan and 
United Kingdom have progressed to the second phase or beyond, with new calls 
building on learning from the first phase. 

 Almost 90% of the public funding comes from advanced economies; other policy 
instruments like land allocation, tax incentives and reduced administrative 
procedures remain more common among emerging markets. The supply side 
still receives more support, equal to USD 1.5 for every USD 1 targeting demand. 

 Publication of new hydrogen strategies slowed down, with five new strategies 
since GHR-24. Some strategies were updated, such as in France, which 
reduced its electrolyser target to 4.5 GW by 2030 (from 6.5 GW), whereas Spain 
tripled its target to 12 GW by 2030. Chile and the European Union missed their 
electrolyser targets for 2024 and 2025, respectively. 

 Progress was made on the demand side, but it is still trailing supply. 
112 demand-side policies have moved forward since GHR-24, frequently in the 
form of grants and sectoral quotas. Legislated policies could trigger demand for 
nearly 6 Mtpa of low-emissions hydrogen by 2030, while government demand 
targets add up to 9.5 Mtpa; production targets are in the range of 27-33 Mtpa. 

 On the supply side, 114 policies have advanced since GHR-24, with a total 
public funding of nearly USD 21 billion. Almost three-quarters of the policies are 
from advanced economies. In a change from previous years, specific calls are 
being opened and projects selected across Europe, India, and at a global level 
with H2Global. The same is true for tax incentives, which are now fully defined 
in Australia, Canada, Finland, Morocco and the United States. 

 Certification is progressing, with the ISO standard on track to be fully in place 
by 2025/2026. This can serve as a guideline for countries that are still 
developing their schemes. India launched its certification scheme, and the 
European Union has now recognised schemes and certification bodies that can 
certify renewable hydrogen and ensure compliance with EU mandates. 

 Infrastructure regulation has gained clarity, with several European countries 
defining the methodology for tariff-setting and cost recovery during early periods 
of low utilisation. Solutions include intertemporal cost allocation and subsidies. 
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The analysis in this chapter is complemented by the new online Hydrogen Tracker 
available on the IEA website, which contains more than 1 000 hydrogen policies 
worldwide announced or implemented since 2020. 

Overview of funding 
Public funding for hydrogen technologies is now showing signs of maturation. 
Total announced funding has decreased by nearly two-thirds compared to what 
was reported in GHR-24 from almost USD 100 billion to USD 38 billion, but a lot 
of the funding has moved from announcements to allocation to specific projects. 
For reference, investment in hydrogen production was USD 4.3 billion in 2024 
(see Chapter 5). In large part, the difference with last year is explained by multi-
year programmes that were announced in 2024. These included the Important 
Projects of Common European Interest (IPCEI) in the European Union, Carbon 
Contracts for Difference (CCfD) for industrial use in Germany, and the contracts 
for difference (CfD) for hydrogen production in Japan, which together represented 
nearly USD 35 billion of last year’s total. In all those cases, no new funding has 
been announced in 2025, but the programmes have progressed. In Germany, 
results from the first round of the CCfD scheme were announced, and its second 
round was approved by the European Commission in March 2025, Japan and 
France both opened the first round of their CfD schemes, and Finland, Italy and 
Spain have allocated IPCEI funds to specific projects.78 

Almost 90% of the USD 38 billion of funding under policies announced or updated 
since GHR-24 is from advanced economies (Figure 6.1). This is a reflection of 
funding in the form of grants, auctions and CfDs being more common in advanced 
economies, whereas emerging economies tend to use other instruments, such as 
tax incentives, fixed premiums or simplified administrative procedures. Most of the 
funding from emerging economies is from India, through the Strategic 
Interventions for Green Hydrogen Transition (SIGHT) programme targeted to 
electrolyser manufacturing and ammonia production. 

The ratio between funding targeted to supply and demand remains similar to last 
year, at about USD 1.5 of support to supply for every dollar in support for demand. 
Of the funding targeting demand, nearly half is for the industrial sector (including 
current hydrogen uses), for which the largest contribution is from the second round 
of the CCfD programme in Germany (USD 5.5 billion). Another 35% of the 
demand funding is for hubs, like those in Korea and the Netherlands,79 or cross-
cutting aspects, like the National Wealth Fund in the United Kingdom. Almost 
USD 3.5 billion targets both supply and demand, like H2Global or incentives for 

 
 

78 Recent analysis suggests that 69% of the IPCEI projects have signed grant agreements and 21% have reached final 
investment decision (FID). 
79 For the Netherlands, the fund is still under consultation and has not yet opened for proposals. 

https://www.iea.org/data-and-statistics/data-tools/hydrogen-tracker
https://ipcei.observatory.clean-hydrogen.europa.eu/
https://ipcei.observatory.clean-hydrogen.europa.eu/
https://www.bmwk.de/Redaktion/EN/Pressemitteilungen/2024/03/20240312-first-round-of-carbon-contracts-for-difference-launched.html
https://www.bmwk.de/Redaktion/EN/Pressemitteilungen/2024/03/20240312-first-round-of-carbon-contracts-for-difference-launched.html
https://www.meti.go.jp/press/2023/02/20240213002/20240213002.html
https://www.meti.go.jp/press/2023/02/20240213002/20240213002.html
https://www.klimaschutzvertraege.info/news/habeck_hands_over_ccfds
https://ec.europa.eu/commission/presscorner/detail/en/ip_25_846
https://ec.europa.eu/commission/presscorner/detail/en/ip_25_846
https://ec.europa.eu/commission/presscorner/detail/en/ip_25_846
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/energy-transition/122024-power-generation-pivotal-to-creating-large-scale-hydrogen-supply-chain-in-japan
https://www.ecologie.gouv.fr/presse/lancement-du-mecanisme-soutien-production-dhydrogene-decarbone-0
https://www.businessfinland.fi/ajankohtaista/uutiset/2025/business-finland-teki-merkittavia-rahoituspaatoksia-vetyinvestoinneille
https://www.energiaitalia.news/news/idrogeno/idrogeno-e994-milioni-per-sei-aziende-italiane-pubblicato-il-decreto-ipcei-hy2infra/44421
https://www.miteco.gob.es/es/prensa/ultimas-noticias/2025/junio/el-miteco-asigna-524-millones-a-cinco-proyectos-de-clusteres-y-t.html
https://mnre.gov.in/en/national-green-hydrogen-mission/
https://mnre.gov.in/en/national-green-hydrogen-mission/
https://ec.europa.eu/commission/presscorner/detail/en/ip_25_846
https://www.hydrogeninsight.com/analysis/analysis-south-korea-may-pivot-its-hydrogen-strategy-in-2025-following-presidents-impeachment/2-1-1755391
https://www.rvo.nl/onderwerpen/energiehubs/waterstofhubs/interessepeiling-subsidie-waterstofhubs
https://www.nationalwealthfund.org.uk/
https://www.h2-global.org/
https://hydrogeneurope.eu/wp-content/uploads/2025/03/The-Hydrogen-Europe-Quarterly_10_DIGITAL.pdf
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manufacturing of electrolysis and fuel cells in Poland and the United States. Nearly 
USD 2.5 billion was destined for infrastructure, including loans for the hydrogen 
networks in Denmark and Italy. 

Figure 6.1. Share of public funding linked to hydrogen-related policies by location, 
status and use, 2024-2025 

 
IEA. CC BY 4.0. 

Notes: EMDE = emerging markets and developing economies. Not all the policies can be converted into a monetary value. 
Some of this funding is multi-year. Numbers include both specific calls and tenders that have been awarded and 
announcements of future funding programmes (which lack detail in many cases). 

Almost 55% of the public funding announced since GHR-24 is directed towards the supply 
side and 75% is linked to legislation that is now in force. 

The share of funding from policies that have been implemented is now almost 
75%, in comparison to just over one-third in GHR-24. Some of the largest policies 
are the Hydrogen Production Tax Incentive in Australia, approved by the 
Parliament in early 2025 (USD 4.3 billion),80 a loan guarantee for ammonia 
production in the United States (USD 1.56 billion) and a 20-year fixed premium in 
Denmark (USD 1.9 billion). Total funding comes from 50 policies that were 
announced or progressed to the next stage of funding allocation, with most of the 
funding coming from European policies. 

Strategies and targets 
Since GHR-24, Bolivia, Italy, Lao People’s Democratic Republic (Lao PDR), 
Paraguay and Switzerland have published a hydrogen strategy, bringing the total 
number of countries with a hydrogen strategy to 65, of which 29 are emerging 
economies.  

 
 

80 Funding for tax incentives is taken from government budgets where available. 
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https://www.gov.pl/web/klimat/przygotowujemy-ustawe-ktora-przyspieszy-rozwoj-gospodarki-wodorowej-w-polsce
https://www.energy.gov/infrastructure/qualifying-advanced-energy-project-credit-48c-program
https://stateofgreen.com/en/news/agreement-reached-for-a-danish-hydrogen-backbone-to-germany/
https://www.energiaitalia.news/news/idrogeno/idrogeno-e994-milioni-per-sei-aziende-italiane-pubblicato-il-decreto-ipcei-hy2infra/44421/
https://parlinfo.aph.gov.au/parlInfo/search/display/display.w3p;query=Id%3A%22legislation%2Fbillhome%2Fr7297%22
https://parlinfo.aph.gov.au/parlInfo/search/display/display.w3p;query=Id%3A%22legislation%2Fbillhome%2Fr7297%22
https://treasury.gov.au/sites/default/files/2024-06/c2024-541265-cp.pdf
https://www.wvresc.com/lpo-announces-conditional-commitment-to-wabash-valley-resources-to-repurpose-fossil-fuel-infrastructure-to-produce-low-carbon-ammonia-for-midwest-farmers/
https://ec.europa.eu/commission/presscorner/detail/en/ip_24_6464
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Bolivia published a strategy focused on the actions needed to achieve a vision 
for 2050, and a roadmap that assesses the cost, potential and challenges. The 
documents focus on renewable hydrogen, due to declining production of natural 
gas and the potential for exports. The roadmap estimates a domestic hydrogen 
demand of 1.6 Mtpa for 2050, driven by hydrogen blending of up to 30% in 2050 
in natural gas and methanol blending in the transport sector, with the latter seen 
as a way to reduce oil imports. On the supply side, some of the defined targets 
include 150 ktpa of renewable hydrogen production by 2030 (of which 85 ktpa are 
to be exported), 1.35 Mtpa by 2040 and 4.15 Mtpa by 2050 (with 2.65 Mtpa 
destined for export). Production cost targets are USD 1.8/kg by 2030 and 
USD 1/kg by 2050. The cumulative investment needs to achieve these production 
levels are USD 26.1-34.4 billion by 2050. 

Italy’s strategy confirms the 2030 targets from the National Energy and Climate 
Plan of 3 GW of electrolysis, 137 ktpa of demand from transport, 115 ktpa for 
industry, and at least 70% of demand met by domestic production. Total 
investment needs for 2050 are EUR 29-57 billion. The strategy estimates 15-
30 GW of electrolysis by 2050, requiring cumulative investments of 
EUR 8-16 billion for electrolysis alone, creating 4 700 to 9 000 jobs. Investment 
needs for the demand side are EUR 16-33 billion, with the bulk of this going to the 
transport sector. The strategy includes three scenarios with a hydrogen demand 
of between 2.2 Mtpa and 4.2 Mtpa in 2050, with nearly 45-55% used for aviation 
and trucks. Most of the difference between scenarios relates to hydrogen demand 
for industrial heat and trucks. As a point of reference, current hydrogen demand 
in Italy is about 525 ktpa. 

Paraguay’s strategy prioritises renewable hydrogen, with targets for 2030 
including 1 GW of electrolysis, 900 ktpa of fertiliser production and 80-100% 
substitution of current gas-based hydrogen. The strategy adopts a gradual 
approach, with fertilisers as an immediate hydrogen application and other uses 
dependent on market and technology development. It notes that more than half of 
current fertiliser imports (1.2-1.4 Mtpa) could be replaced by fertilisers using 
450 ktpa of renewable ammonia. The strategy defines 55 actions across 19 areas 
under six pillars, including a regulation for additionality and temporal correlation of 
renewable electricity, the creation of demand hubs, the possible use of fiscal 
incentives, and the development of a certification scheme. 

Switzerland prioritises renewable hydrogen in its strategy, estimating a demand 
of 24-55 ktpa by 2030 and 110-305 ktpa by 2050, and import by pipeline to start 
in the mid-2030s. The strategy defines measures with a timeline for completion 
across 9 areas, including a certification scheme to be in place by 2025, financial 
support for production from 2025 to 2030, an exemption from grid fees, and an 
exemption from CO2 tax for hydrogen used as a fuel.  

https://www.mhe.gob.bo/wp-content/uploads/2024/11/EstrategiaHidrogenoLW.pdf
https://www.mhe.gob.bo/wp-content/uploads/2024/11/HojaRutaHidrogenoLW.pdf
https://www.mase.gov.it/sites/default/files/Strategia%20Nazionale%20Idrogeno.pdf
https://commission.europa.eu/document/download/5ef1819e-1c42-446f-91d0-abb9cf7719e8_en?filename=IT_FINAL%20UPDATED%20NECP%202021-2030%20%28English%29_0.pdf
https://commission.europa.eu/document/download/5ef1819e-1c42-446f-91d0-abb9cf7719e8_en?filename=IT_FINAL%20UPDATED%20NECP%202021-2030%20%28English%29_0.pdf
https://www.mase.gov.it/sites/default/files/Strategia%20Nazionale%20Idrogeno.pdf
https://mopc.gov.py/uplmoo9eib8eefou3ooze4y/2025/07/Estrategia_Hidrogeno_verde.pdf
https://www.newsd.admin.ch/newsd/message/attachments/91122.pdf
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For an overview of Lao PDR’s new strategy, see Chapter 7. 

France updated its strategy in April 2025. The 2030 target for electrolysis 
deployment was revised to up to 4.5 GW (from 6.5 GW) and the 2035 target 
revised to 8 GW (from 10 GW). One reason for this downward revision was slower-
than-expected deployment, both domestically and globally. The strategy highlights 
the importance of hydrogen production from electrolysis using low-emissions 
electricity from the grid as a pathway to emissions reduction. The low-emissions 
hydrogen demand estimated for 2030 is 320-520 ktpa (in comparison to a current 
demand of up to 400 ktpa). A support mechanism of EUR 4 billion to support the 
deployment of 1 GW of electrolysis was confirmed. The first tender of this 
programme was launched in December 2024. 

In Germany, the coalition agreement of the new government recognises the 
importance of hydrogen for the national energy transition. This supports a 
technology-neutral approach for production in the ramp-up phase, with a view to 
increasing the share of renewable hydrogen over time, including through imports. 
Some of the action areas include the accelerated expansion of the hydrogen 
network, expansion of import infrastructure and support for electrolytic hydrogen 
production. In aviation, Germany’s quota for synthetic fuels will be aligned with the 
EU standard. The coalition plans to launch a legislative package for the use of 
carbon capture and storage in industry and for power generation from gas. 
Separately, the government is considering support for nuclear, including nuclear 
fusion, and has signalled greater alignment with France on nuclear power. 
However, the first budget proposal from the new government cuts 2026-2032 
funding for the national hydrogen strategy by nearly two-thirds compared to the 
budget proposed by the previous government. The new budget proposal also cuts 
the 2026-2046 funding for industrial decarbonisation by more than 90%. The draft 
budget of the Climate and Transformation Fund proposes EUR 15.5 billion to 
support the national hydrogen ramp-up from 2025 to 2029. Overall, Germany is 
carrying out comprehensive internal monitoring of its energy policy to assess the 
status of the energy transition, and the results will form the basis for a realignment 
of political priorities, including for the hydrogen sector. 

Cyprus81,82 published a draft strategy for public consultation until March 2025. 
This showcases two scenarios for hydrogen development to 2050 with milestones 
in 2030. The scenarios are based on fixed technology penetrations by sector. Total 
investment needs are EUR 2.4 billion by 2030 and EUR 6.8 billion by 2050 for the 

 
 

81 The information in this document with reference to “Cyprus” relates to the southern part of the Island. There is no single 
authority representing both Turkish and Greek Cypriot people on the Island. Türkiye recognises the Turkish Republic of 
Northern Cyprus (TRNC). Until a lasting and equitable solution is found within the context of the United Nations, Türkiye shall 
preserve its position concerning the “Cyprus issue”. 
82 The Republic of Cyprus is recognised by all members of the United Nations with the exception of Türkiye. The information 
in this document relates to the area under the effective control of the Government of the Republic of Cyprus. 

https://climatecompatiblegrowth.com/wp-content/uploads/Report-Final-Draft_Signed-01-1.pdf
https://presse.economie.gouv.fr/strategie-nationale-hydrogene-snh-ii-le-gouvernement-publie-sa-mise-a-jour/
https://www.spd.de/fileadmin/Dokumente/Koalitionsvertrag2025_bf.pdf
https://www.ft.com/content/e99efa2b-338a-4065-89c6-0683d5759ed7
https://www.ft.com/content/e99efa2b-338a-4065-89c6-0683d5759ed7?accessToken=zwAGOyWRFw5gkdPpnvorM4pAZdOJxgaD1XWe1w.MEQCIEY1M24AxJZo6G6h1jZOUtvjqVqU708fH2BlJ-4Z4fBIAiBj5QhRRx47H6oqTjrjBsIuIutjS5VbYiafl0-g7pnz3A&sharetype=gift&token=990f5642-2beb-481c-9c3a-442dccc4fb17
https://www.bundeshaushalt.de/static/daten/2025/soll/draft/epl60.pdf
https://dserver.bundestag.de/btd/20/124/2012400.pdf
https://www.politico.eu/wp-content/uploads/2025/07/29/250728-BMF_KabV-RegE_2026-FiPl_Teil_1.clean__Redacted.pdf
https://e-consultation.gov.cy/diavouleuseis/%CE%B5%CE%B8%CE%BD%CE%B9%CE%BA%CE%AE-%CF%83%CF%84%CF%81%CE%B1%CF%84%CE%B7%CE%B3%CE%B9%CE%BA%CE%AE-%CF%84%CE%B7%CF%82-%CE%BA%CF%8D%CF%80%CF%81%CE%BF%CF%85-%CE%B3%CE%B9%CE%B1-%CF%84%CE%BF-%CF%85%CE%B4
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ambitious scenario, while the conservative scenario has an investment of 
EUR 170 million by 2050. The strategy does not define specific targets or actions. 

There has also been a revision of renewable hydrogen targets since GHR-24. 
Spain tripled its electrolyser target to 2030 (compared to its original strategy) to 
12 GW. Spain is already making progress towards its target by supporting a total 
of 3.7 GW of electrolysis capacity with national funding. 

At the sub-national level, the state of Telangana in India set a target of 418 ktpa 
of renewable hydrogen by 2030, which would correspond to about 8% of the 
national target. 

With regards to targets from previous strategies, Chile looks likely to miss its 
aspirational target of 5 GW of electrolysers operating and under development by 
2025, and the European Union has not achieved its vision of installing at least 
6 GW of electrolysers by 2024. See Chapter 3 for more information on the project 
pipeline. 

Demand creation 
A total of 112 different policies targeting demand creation have been announced 
or have moved forward since the publication of GHR-24, with 33 of these targeting 
both supply and demand. In total, 15 are from emerging economies. Nearly two-
thirds of the policies were in the form of grants and sectoral quotas. 

In the European Union, the Renewable Energy Directive (RED) entered into force 
in November 2023 with a deadline of May 2025 for transposition into national 
legislation. RED defines quotas83 for renewable hydrogen and its derivatives 
(called renewable fuels of non-biological origin [RFNBO]) for industry and 
transport, which sends a clear demand signal for renewable hydrogen. These 
quotas are binding for member states, but there is flexibility on the approaches 
taken to achieve the quotas. This means countries can use a range of instruments, 
potentially leading to a heterogenous landscape across the European Union. By 
May 2025, only Denmark had adopted laws addressing all aspects of RED, and 
in July 2025, the European Commission opened infringement procedures against 
the other 26 member states, giving them two months to reply and complete the 
transposition. Moreover, the diverse approaches being proposed to meet these 
targets have raised concerns among industry stakeholders regarding potential 
market fragmentation within the bloc. For transport, only the Czech Republic, 
Denmark, Finland, Lithuania and Romania, which represent less than 15% of the 
European Union’s hydrogen demand, had transposed quotas into national law. 

 
 

83 Quotas equal a 42% share of demand by 2030 and 60% by 2035 for industry. In transport, it requires a 5.5% share for 
advanced biofuels and RFNBO, with a minimum of 1% from RFNBO only. RFNBO have a multiplier of 2 for transport. 

https://www.miteco.gob.es/content/dam/miteco/es/ministerio/planes-estrategias/hidrogeno/hojarutahidrogenorenovable_tcm30-525000.PDF
https://commission.europa.eu/document/download/211d83b7-b6d9-4bb8-b084-4a3bfb4cad3e_en?filename=ES%20-%20FINAL%20UPDATED%20NECP%202021-2030%20%28English%29.pdf
https://tgredco.telangana.gov.in/Updates_2025/Telangana_Clean_and_Green_Energy_Policy_2025.pdf
https://energia.gob.cl/sites/default/files/national_green_hydrogen_strategy_-_chile.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52020DC0301
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32023L2413&qid=1699364355105
https://ec.europa.eu/commission/presscorner/detail/en/inf_25_1842
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• The Czech Republic introduced a combined quota for biofuels and 
RFNBO, starting from 1.25% in 2026 and increasing to 5.5% in 2030, 
combined with a minimum quota of 1% of RFNBO in 2030. Non-
compliance penalties are equivalent to nearly USD 10/kg H2. 

• Denmark opted for a combination of a GHG reduction target of 5.2% by 
2025-2027, 6% by 2028-2029 and 7% by 2030 (in comparison to the fossil 
fuel reference of 94 g CO2/MJ) and a combined biofuels and RFNBO target 
of 5.1% by 2030, with a minimum of 0.9% of RFNBO. Alternative fuels 
used in aviation count towards the target, but aviation and maritime are 
exempted from the obligation. 

• In Finland, a 1.5% RFNBO quota for road transport is introduced from 
2028, increasing to 4% in 2030, with a maximum of 1% to be satisfied with 
the hydrogen used in refineries, and a non-compliance penalty equivalent 
to USD 7.3/kg H2. RFNBO could also contribute to Finland’s broader 10% 
quota for renewable fuels by 2030, but this contribution might be limited by 
their cost-competitiveness in comparison to biofuels. 

• Romania introduced a 5% RFNBO target by 2030, imposed at the 
company level for fuel suppliers, with a non-compliance penalty equivalent 
to USD 6.5/kg H2. For the years prior to 2030, there is a combined target 
for RFNBO and renewable electricity, which increases from 0.5% of the 
energy content of all transport fuels in 2025 to 4.5% in 2029. 

• Lithuania finalised the transposition in mid-July, with targets of 1% 
RFNBO for overall transport by 2030 and 1.2% for shipping. Multipliers of 
2 for road transport and 3 for aviation and shipping are considered. The 
penalty for non-compliance is EUR 0.06/MJ, equivalent to EUR 7.2/kg H2. 

 

Other EU member states are considering how to transpose the legislation. 
Germany proposed RFNBO quotas as part of a broader bill revising the GHG 
reduction targets. Proposed RFNBO quotas start at 0.1% in 2026, rising to 1.5% 
by 2030 and 12% by 2040. Non-compliance penalties are EUR 17 000/t for 
aviation and EUR 8.4/kg for other sectors. The draft bill also extends GHG quota 
compliance to the aviation sector. The bill is under consultation with industry 
associations and is expected to be in place by January 2026. 

Belgium is considering the introduction of RFNBO quotas for road transport, 
starting at 1% in 2028, increasing to 2.5% in 2029 and 4% in 2030. A multiplier of 
2 would be used for RFNBO (i.e. effective 2030 target is 2%) and up to 85% of the 
target could be met with hydrogen used in refineries. Ireland is planning to expand 
its current Renewable Transport Fuel Obligation to include RFNBO. The proposed 

https://www.enviweb.cz/130376
https://www.retsinformation.dk/eli/lta/2025/482
https://www.eduskunta.fi/FI/vaski/PoytakirjaAsiakohta/Sivut/PTK_135+2024+9.aspx
https://legislatie.just.ro/public/DetaliiDocument/272306
https://e-seimas.lrs.lt/portal/legalAct/lt/TAD/98b4c382527511f0a19dcea0bcc863ad
https://e-seimas.lrs.lt/portal/legalAct/lt/TAD/98b4c382527511f0a19dcea0bcc863ad
https://www.bundesumweltministerium.de/gesetz/referentenentwurf-eines-zweiten-gesetzes-zur-weiterentwicklung-der-treibhausgasminderungs-quote
https://direct.argusmedia.com/article/2705567
https://direct.argusmedia.com/newsandanalysis/article/2694600
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2030 quotas (2.5% in 2030) are higher than in RED, to consider the multiplier of 4 
for RFNBO. In the Netherlands, the transposition proposal includes a GHG 
emissions reduction target of 1.07% for road transport to be met with RFNBO. Any 
hydrogen used in refineries will count directly towards the targets,84 which might 
benefit projects evaluating renewable hydrogen for refining. In Poland, RFNBO 
quotas are expected to be introduced by a draft act amending the Biocomponents 
and Liquid Biofuels Act and the Renewable Energy Sources Act. Changes are 
expected to be enacted by Q2 2026. 

Several member states are discussing alternative measures for transposing the 
industrial target set by RED. Only the Czech Republic and Romania have 
adopted relevant legislation to date, while other countries have made progress in 
their proposals. Finland is considering using the same quotas as defined in RED 
and additionally introducing financial incentives. This proposal is part of a broader 
review of the national energy and climate strategy, which will require public 
consultation and then some months to turn into legislation. The Netherlands is 
considering using quotas reaching 4% in 2030 and 9.9% in 2035, and aiming to 
meet the rest of the RED targets with a mix of demand- and supply-side incentives 
(with nearly EUR 2.8 billion announced so far in 2025). Certificate-trading for 
compliance will be permitted, and 60% of the hydrogen demand for ammonia 
production will be exempted, taking advantage of the recognition in RED that 
downstream units (i.e. urea production) might be dependent on existing units with 
steam reforming. Compliance would fall upon the operators of industrial facilities. 
Finalisation of the legislation is expected in early 2026 with a revision every 2 
years thereafter. Elsewhere, Spain held a public consultation from July to 
September 2024 on transposition of the targets, though results are still pending. 

In China, the main policy introduced is the Implementation Plan for Accelerating 
the Application of Clean and Low-Carbon Hydrogen in the Industrial Field. 
Although it does not set quantitative targets, the plan defines 30 actions across 
metals, green methanol, ammonia, fuel cell electric vehicles, ships, aviation, rail 
and industrial microgrids to encourage and promote the use of “clean” and “low-
carbon hydrogen”.85 By 2027, the steel, ammonia synthesis, methanol synthesis 
and refining sectors should achieve large-scale deployment of low-carbon 
hydrogen. Targets also include more demonstration projects in the transport and 
power sectors, aiming to create a series of innovative low-carbon hydrogen use 
cases in shipping, aviation, rail transit, power generation and energy storage by 
2027. 

 
 

84 Earlier iterations introduced a cap in the contribution that hydrogen used in refineries could have towards the target, 
considering that it is not directly consumed as a transport fuel, but the final decision was not to have such a correction factor. 
85 See Explanatory notes annex regarding the use of the terms “clean” and “low-carbon” hydrogen in this report. 

https://open.overheid.nl/documenten/345baee1-a20c-43a2-a7b3-2a45db3d16a6/file
https://direct.argusmedia.com/newsandanalysis/article/2693046
https://tem.fi/-/selvitys-kartoittaa-uusiutuvan-vedyn-kayton-edistamista-teollisuudessa
https://www.tweedekamer.nl/kamerstukken/brieven_regering/detail?id=2025Z14689&did=2025D33738
https://open.overheid.nl/documenten/48cf0eef-5b4f-4afe-aa59-fe066a20f5e0/file
https://www.miteco.gob.es/es/energia/participacion/2024/detalle-participacion-publica-k-698.html
https://www.nea.gov.cn/20241231/22b72793b0c946a4b9bfc2b06612b32e/2024123122b72793b0c946a4b9bfc2b06612b32e_02b0cba335b5a04a9d96979fe0b49bd0e3.pdf
https://www.nea.gov.cn/20241231/22b72793b0c946a4b9bfc2b06612b32e/2024123122b72793b0c946a4b9bfc2b06612b32e_02b0cba335b5a04a9d96979fe0b49bd0e3.pdf
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In India, tenders for refining have been opened for more than 40 ktpa of renewable 
hydrogen, with offtake agreements for up to 25 years at 8 different sites owned by 
state-owned enterprises. Part of the support under the SIGHT programme targets 
ammonia, indirectly promoting the uptake of low-emissions ammonia in current 
industrial uses. India also has some smaller R&D calls to demonstrate hydrogen 
use for steel production, both in existing blast furnaces and use up to 100% in 
shaft furnaces for direct iron reduction. Another call is for demonstration in 
decentralised applications like cooking, heating and off-grid applications. 

In addition to the policies mentioned above, several others targeting the industrial 
sector have been further developed since GHR-24. Austria introduced a 
EUR 3 billion programme providing capital expenditure (CAPEX) and operating 
expenditure (OPEX) support in the form of grants. The first round opened in 
February 2025 for EUR 300 million, with a maximum incentive of EUR 600/t CO2, 
stipulating that projects must be implemented by 2031. Finland introduced a tax 
credit programme for industrial processes86 with up to EUR 2.3 billion of funding. 
The tax credits start in 2028 for 19 years and cover up to 60% of the eligible 
investment cost for renewable hydrogen projects. Finland also has a 
complementary EUR 400 million grant programme for industrial decarbonisation. 
Projects should achieve at least 40% GHG reduction or 20% reduction in energy 
consumption and must be completed within 36 months of receiving the funding. 
France opened the first call of the DECARB IND 25 programme, which provides 
grants for up to EUR 30 million to individual projects. The programme specifically 
targets fuel shift and carbon capture, utilisation and storage (CCUS), and will have 
another two rounds in 2025 and 2026 (subject to budget availability). 

Offtake certainty is one of the key factors improving project bankability. Currently, 
there are two policies that can provide this certainty: H2Global, and the model in 
India. For H2Global, an auction lot for renewable ammonia provides a guaranteed 
offtake for 6 years (for 40 ktpa). In India, the government offers 10-year purchase 
agreements for ammonia. In both cases, a (government-backed) intermediary is 
used to either open a separate call for demand or to co-ordinate different players 
on the demand side to guarantee offtake. In both cases, the scheme covers the 
price and volume risks (for a period that is shorter than the project lifetime). 

In the United States, funding for hydrogen projects was cut as part of a review of 
the Office of Clean Energy Demonstrations at the Department of Energy (DoE), 
which led to the cancellation of 24 projects with a total funding of USD 3.7 billion. 
Three hydrogen projects applying for a total funding of USD 632 million were 
among the projects cut; they include an e-methanol plant from Orsted 
(USD 100 million), a project on ethylene from CO2 and “low-carbon”87 hydrogen 

 
 

86 Clean technology manufacturing and hydrogen production are also covered. 
87 See Explanatory notes annex regarding the use of the term “low-carbon” hydrogen in this report. 

https://cdnbbsr.s3waas.gov.in/s3716e1b8c6cd17b771da77391355749f3/uploads/2024/02/20240206917076035.pdf
https://cdnbbsr.s3waas.gov.in/s3716e1b8c6cd17b771da77391355749f3/uploads/2024/11/20241108456000928.pdf
https://www.bdo.at/de-at/blog/forderung-forschung/neue-foerdermoeglichkeit-fuer-klimafreundliche-technologien
https://ec.europa.eu/commission/presscorner/detail/en/ip_25_527
https://www.eduskunta.fi/FI/vaski/HallituksenEsitys/Sivut/HE_207+2024.aspx
https://www.businessfinland.fi/en/whats-new/news/2025/business-finland-opens-a-funding-call-for-large-clean-transition-investments
https://agirpourlatransition.ademe.fr/entreprises/sites/default/files/D%C3%A9carbonation%20de%20l%27industrie%20-%20Cahier%20des%20charges%20-%202025.pdf
https://www.entreprises.gouv.fr/espace-entreprises/appels-a-projets-et-appels-a-manifestation-d-interet/decarb-ind-25-pour
https://www.hintco.eu/lot-1-renewable-ammonia
https://www.seci.co.in/Upload/Tender/SECI000157-2714385-RfSforSupplyofGreenAmmoniaunderSIGHTscheme(M-2A-T-I).pdf
https://www.seci.co.in/Upload/Tender/SECI000157-2714385-RfSforSupplyofGreenAmmoniaunderSIGHTscheme(M-2A-T-I).pdf
https://www.energy.gov/articles/secretary-wright-announces-termination-24-projects-generating-over-3-billion-taxpayer
https://us.orsted.com/news-archive/2024/03/orsted-selected-by-us-department-of-energy-to-receive-industrial-decarbonization-funding
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(USD 200 million), and on hydrogen use in industrial fired equipment 
(USD 332 million). The latter project might continue with private funding given that 
testing had already started in December 2024. 

Figure 6.2. Potential annual demand for low-emissions hydrogen created by policies in 
force and government targets by region and sector, 2030 

 
IEA. CC BY 4.0. 

Notes: ROW = Rest of world. Values reflect all announced policies at time of writing. Values are exclusively for demand, 
noting that targets for supply are about three times higher than the demand targets. “Demand policies in force” represents 
the maximum of the capacity from committed projects in the pipeline and the legislated policies. 

Demand policies that are already in force add up to nearly 6 Mtpa by 2030, well below the 
9.5 Mtpa envisaged by government targets. 

Hubs 
Hubs that bring together several users in the same location can provide an 
alternative to trigger initial demand. Demand can be aggregated, and even a small 
offtake from each user can result in enough demand to create economies of scale 
for hydrogen production and infrastructure. 

Spain allocated EUR 1.3 billion to seven projects for hydrogen valleys with a 
cumulative electrolyser capacity of 2.3 GW, including three projects for synthetic 
fuel production. These projects were selected from 16 that had applied for funding 
for a total of 4 GW of (cumulative) electrolyser capacity. 

Italy has allocated EUR 500 million from its Recovery and Resilience Plan to 
hubs. So far, 52 hubs have been supported. Even though these are for relatively 
small electrolysers (1-5 MW), they can be useful to build experience across 
different project configurations. 

In the United States, seven hydrogen hubs had been selected as winners in 
October 2023 and the funding for the first phase (feasibility studies) was awarded 
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https://investors.technipenergies.com/fr/news-releases/news-release-details/technip-energies-et-lanzatech-obtiennent-un-financement-du/
https://www.houstonchronicle.com/business/energy/article/gulf-coast-biden-funding-carbon-emissions-19367388.php
https://corporate.exxonmobil.com/what-we-do/delivering-industrial-solutions/hydrogen/baytown-hydrogen-burner-decarbonize-industry
https://sede.idae.gob.es/sites/default/files/documentos/2025/Hidrogeno/H2%20Valles/h2cluster_prop_resol_provis_adjudicacion_v02_con_tablas_firmado.pdf
https://www.mite.gov.it/sites/default/files/archivio/bandi/AECE/2021_12_15_Avviso_pubblico_PNRR_M2C2_Investimento_3.1.pdf
https://quifinanza.it/green/esg/hydrogen-valley-italia/882296/
https://www.canarymedia.com/articles/hydrogen/11-winners-from-the-us-7b-investment-in-clean-hydrogen
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to the last hubs in January 2025. The DoE is reviewing the pipeline of projects, 
including these hubs, and the review is expected by the end of the summer. In the 
meantime, feasibility studies are ongoing. 

Among emerging economies, Brazil pre-selected 12 proposals under the Climate 
Investment Fund (CIF)'s Industry Decarbonization programme, through which up 
to USD 250 million can be made available to fund up to 50% of the project costs. 
Five of those projects were selected to make the investment plan proposal to the 
World Bank with a potential implementation by 2035. 

Mitigation of investment risks 
A total of 114 policies mitigating investment risks on the supply side have been 
announced or have advanced since GHR-24. The total public funding in these 
policies amounts to USD 21 billion (Figure 6.3). Of these policies, 31 are in 
emerging economies, and 33 cover both supply and demand. Grants were the 
most-used policy instrument, with 50 policies and USD 5 billion of funding. 
Advanced economies were behind 45 of these policies. Fixed premiums (12 
policies) and tax incentives (12) were also widely used, with a combined funding 
of nearly USD 14 billion. Some of the most notable policies are discussed in the 
following sections. 

Figure 6.3. Funding and number of policies for mitigating investment risks based on 
developments since the Global Hydrogen Review 2024 

 
IEA. CC BY 4.0. 

Notes: CfD = contracts for difference. Only policies that have been announced or made progress since GHR-24 are 
included. Funding is not included if it was announced before 2024. 

A total of 114 policies for mitigating investment risks have been announced or have made 
progress since GHR-24, with a total funding of USD 21 billion. 

As in GHR-24, emerging economies mostly used non-financial incentives such as 
tax exemptions, simplified administrative processes and land allocation. India is 
an exception, with financial support provided through the SIGHT programme. 
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https://www.energy.gov/oced/articles/oced-awards-final-two-regional-clean-hydrogen-hubs-establish-critical-energy
https://www.youtube.com/watch?v=lFycv6YsoHY
https://www.gov.br/mme/pt-br/assuntos/noticias/mme-divulga-resultado-da-chamada-publica-de-hubs-de-hidrogenio-com-foco-na-descarbonizacao-da-industria
https://www.cif.org/news/climate-investment-funds-invites-countries-join-1bn-effort-decarbonize-industry
https://www.gov.br/mme/pt-br/assuntos/noticias/mme-anuncia-resultado-da-chamada-de-hubs-de-hidrogenio-para-descarbonizacao-da-industria
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There are also ten policies related to electrolyser manufacturing. Only three of 
these, in the Czech Republic and Finland, are new, whereas the rest were updated 
to either clarify the rules or issue specific calls. 

Grants 
Nearly 80% of the grant funding to have been announced or updated since 
GHR-24 comes from Europe. Spain has provided EUR 1.7 billion of funding since 
GHR-24, including EUR 1.2 billion for seven hydrogen valleys, as outlined above, 
and EUR 524 million from the Hy2Use IPCEI for five projects with a combined 
electrolyser capacity of 425 MW. Italy allocated EUR 994 million from the Hy2Infra 
IPCEI to specific companies. The Netherlands awarded EUR 700 million (out of 
EUR 3.2 billion) requested to eleven companies for the construction of more than 
600 MW of electrolysis. The incentives combined CAPEX support (up to 80% of 
the investment cost) with OPEX support (up to EUR 9/kg) for up to 10 years. In 
December 2024, Poland launched a EUR 636 million tender to support the 
development of 315 MW of electrolysis (as well as refuelling stations and fuel cell 
electric vehicles). The incentive is as CAPEX up to EUR 2 000/kW. Six winners 
were announced in June 2025. The European Commission approved 
EUR 350 million to produce synthetic fuels in Germany. The funds are expected 
to support 30 ktpa of production from 2028 using CO2 from a cement plant. Other 
grants for electrolysis included EUR 120 million in the Czech Republic, 
EUR 112 million for a 50-MW electrolyser in Greece and EUR 15 million for a 
10-MW electrolyser in a refinery in Croatia. 

Six hydrogen-related projects signed grant agreements under the EU Innovation 
Fund call from 2023. The pre-selection had returned eight hydrogen-related 
projects, but four of those withdrew their applications. An additional two 
hydrogen-related projects88 were taken from the reserve list. 

Among developing economies, the state of Andhra Pradesh in India awarded a 
grant to a 1 Mtpa ammonia plant. The incentive is capped at INR 18.5 billion 
(Indian rupees) (USD 215 million) for up to 25% of the total CAPEX, and will be 
provided over a 5-year period after commissioning. In Chile, six projects selected 
following a call for expressions of interest for electrolyser projects signed contracts 
with CORFO back in 2021.89 The contracts for these projects – which have a total 
capacity of nearly 400 MW of electrolysis – included the condition that they would 
start operations in 2025, but this now seems unlikely. 

Since GHR-24, there was limited explicit grant policy support for hydrogen 
production from fossil fuels with CCUS: One of those was the CCUS Cluster 

 
 

88 For a 330 tpa renewable hydrogen plant in Luxembourg and 210 ktpa CCS-based hydrogen plant in the Netherlands. 
89 Full details of the call and projects expressing interest can be downloaded from the CORFO (Chilean economic 
development agency) website. 

https://www.miteco.gob.es/es/prensa/ultimas-noticias/2025/junio/el-miteco-asigna-524-millones-a-cinco-proyectos-de-clusteres-y-t.html
https://ipcei.observatory.clean-hydrogen.europa.eu/hy2use
https://www.energiaitalia.news/news/idrogeno/idrogeno-e994-milioni-per-sei-aziende-italiane-pubblicato-il-decreto-ipcei-hy2infra/44421/
https://ec.europa.eu/commission/presscorner/detail/en/ip_24_789
https://ec.europa.eu/commission/presscorner/detail/en/ip_24_789
https://zoek.officielebekendmakingen.nl/stcrt-2024-27564.html
https://zoek.officielebekendmakingen.nl/stcrt-2024-27564.html
https://www.bgk.pl/krajowy-plan-odbudowy/b211-inwestycje-w-technologie-wodorowe-wytwarzanie-magazynowanie-i-transport-wodoru-w-formie-udzielania-wsparcia-bezzwrotnego/#c53304
https://ec.europa.eu/commission/presscorner/detail/es/ip_24_6435
https://ec.europa.eu/commission/presscorner/detail/es/ip_24_6435
https://www.sfzp.cz/dotace-a-pujcky/modernizacni-fond/vyzvy/detail-vyzvy/?id=36
https://ec.europa.eu/commission/presscorner/detail/en/mex_25_508
https://balkangreenenergynews.com/ina-gets-eur-15-million-grant-for-hydrogen-production-for-transport/
https://cinea.ec.europa.eu/news-events/news/innovation-fund-eu42-billion-support-77-cutting-edge-decarbonisation-projects-eus-clean-energy-2025-03-11_en
https://climate.ec.europa.eu/document/download/35cd39ba-6c25-4817-9d56-64cbd3dc4bb6_en?filename=policy_funding_if_projects_reserve_list_en.pdf
https://direct.argusmedia.com/newsandanalysis/article/2644962
https://www.corfo.cl/sites/cpp/sala_de_prensa/nacional/26_05_2022_firma_hidrogeno_verde;jsessionid=VDoFd4LFfNDXqAUE4k7Gh6c_D_hkkUgE7cPm5TGwSkZNcZx9R8WD!114663455!-83799172
https://www.corfo.cl/sites/cpp/hidrogeno-verde-chile
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Sequencing Process in the United Kingdom. This is part of the country’s broader 
goal of developing four CCUS clusters by 2030. Under Track 1, two clusters 
(HyNet and East Coast) had been selected in October 2021, and a commercial 
agreement with industry was reached in October 2024. The total funding available 
is up to GBP 21.7 billion90 (USD 27.7 billion) over 25 years, and the clusters are 
also expected to attract GBP 8 billion (USD 10.2 billion) in private investment. This 
funding will support both infrastructure and capture projects. Funding enabled the 
financial close of projects in the East Coast cluster in December 2024, with 
construction expected to start in mid-2025. For the HyNet cluster, projects were 
notified about the delivery assessment outcomes in September 2024 and a list of 
projects selected for negotiations is expected in Q2 2025. For Track-2, two 
clusters (Acorn and Viking) were selected in July 2023, and in June 2025 
GBP 200 million (USD 261 million) of funding was announced to support project 
development of the Acorn project. 

With regards to infrastructure, the results from the first call of the Connecting 
Europe Facility programme were announced in January 2025. The total funding 
for hydrogen was EUR 250 million across 21 projects, which will be used for 
development (feasibility and front-end engineering design [FEED]) studies. 
Projects include hydrogen pipelines, storage, import terminals and electrolysers. 
This is part of a broader incentive of over EUR 1.2 billion for 41 projects across all 
technologies. The second call, with EUR 600 million of funding, was launched in 
April 2025, with results expected in 2026. 

Contracts for difference 
In Japan, the Hydrogen Society Promotion Act and the revised JOGMEC91 Act 
came into effect on October 2024. The CfD defined by these acts provides 
financial support to suppliers and targets sectors where emissions are hard to 
abate, like industry and transport.92 The reference price will be based on 
conventional fuel prices for new hydrogen applications and on historical fossil-
based hydrogen prices for existing applications. A call for applications was open 
from November 2024 to March 2025, and the first projects should begin operations 
by 2030. 

In the United Kingdom, the Hydrogen Allocation Rounds (HAR) moved forward. 
The first round for up to 250 MW of electrolysis was launched in July 2022 and 
11 winning projects with a cumulative electrolyser capacity of 125 MW were 
announced in December 2023. By July 2025, ten of those projects had signed 15-
year contracts with the government. The second round had a targeted electrolysis 

 
 

90 Only a share of the total funding might be available as grants. 
91 The Japan Organization for Metals and Energy Security (JOGMEC) is a government entity established in 2004 by the 
merger of the former National Oil Corporation and the Metal Mining Agency. 
92 Proposals including the power sector could be considered if that is not the only targeted application. 

https://www.gov.uk/government/publications/cluster-sequencing-for-carbon-capture-usage-and-storage-ccus-deployment-phase-1-expressions-of-interest/october-2021-update-track-1-clusters-confirmed
https://www.gov.uk/government/news/government-reignites-industrial-heartlands-10-days-out-from-the-international-investment-summit
https://www.gov.uk/government/news/contracts-signed-for-uks-first-carbon-capture-projects-in-teesside
https://assets.publishing.service.gov.uk/media/6761915126a2d1ff18253493/hydrogen-strategy-update-to-the-market-december-2024.pdf
https://www.gov.uk/government/news/hundreds-of-new-north-sea-oil-and-gas-licences-to-boost-british-energy-independence-and-grow-the-economy-31-july-2023
https://www.gov.uk/government/news/funding-secured-for-britains-industrial-future
https://ec.europa.eu/commission/presscorner/detail/en/ip_25_377
https://cinea.ec.europa.eu/news-events/news/cef-energy-launches-eu600-million-call-energy-infrastructure-projects-2025-04-02_en
https://www.jogmec.go.jp/english/news/release/news_10_00079.html
https://www.enecho.meti.go.jp/category/saving_and_new/advanced_systems/hydrogen_society/carbon_neutral/kofuyoko.pdf
https://www.gov.uk/government/collections/hydrogen-allocation-rounds
https://www.gov.uk/government/publications/hydrogen-business-model-and-net-zero-hydrogen-fund-electrolytic-allocation-round-2022
https://www.gov.uk/government/publications/hydrogen-production-business-model-net-zero-hydrogen-fund-shortlisted-projects/hydrogen-production-business-model-net-zero-hydrogen-fund-har1-successful-projects
https://assets.publishing.service.gov.uk/media/6880b2139fab8e2e86160efe/hydrogen-update-to-the-market-2025.pdf
https://www.jogmec.go.jp/english/about/about001.html
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capacity of 875 MW. The round was launched in December 2023 and 
27 shortlisted projects with a total of 765 MW of electrolysis were announced in 
April 2025. The next steps include due diligence (which took five months for the 
first round), followed by refinement of the proposals and negotiation. The next two 
HAR rounds are expected be launched in 2026 and 2028. 

France opened the first round of its CfD scheme in December 2024, targeting 
200 MW of electrolysis capacity, to be powered by renewable or low-emissions 
electricity. The tender was open to up to 12 projects of 5-100 MW. Subsidies can 
be OPEX only or a mix of CAPEX and OPEX. OPEX support is for 15 years, 
capped at EUR 4/kg as a function of gas, electricity and CO2 prices, with the 
possibility of a clawback mechanism. Only industrial hydrogen uses are eligible. 
Requirements include securing at least 60% offtake, reaching final investment 
decision (FID) within 30 months of being awarded the subsidy contract, and 
starting operations within 60 months. The completion guarantee is 8% of the 
subsidy requested and the price criteria has at least 70% weight in the evaluation. 
The tender opportunity closed in March 2025. Further tenders are expected for 
250 MW in 2025 and 550 MW in 2026, for a total of 1 GW by 2026 and 
EUR 4 billion. 

In Portugal, results of the first two-way CfD auction for renewable hydrogen were 
announced in February 2025 for a total volume of 120 GWh/yr (3.6 ktpa) which 
represents about 3% of the current national hydrogen demand. Eight hydrogen 
projects were selected, with nearly all the volume auctioned at the maximum price 
of EUR 127/MWh (equivalent to about USD 4.7/kg). Producers will sell the 
hydrogen to Transgas (national gas supplier) and will receive a guarantee of origin 
certificate. The scheme has a total budget of EUR 140 million, with contracts 
awarded for 10 years. 

Other competitive bidding schemes 
The second tender of H2Global was launched in February 2025 with five lots –
four of which are regional (Africa, Asia, North America, and South America and 
Oceania) and one is global. Each regional lot has a budget of EUR 484 million, 
while the global lot has a budget of EUR 567 million, adding up to total budget of 
EUR 2.5 billion, with a potential to increase to EUR 3 billion pending approval of 
the German federal budget. EUR 2.2 billion was provided by Germany and 
EUR 300 million by the Netherlands. The regional lots are “product open” (which 
means any hydrogen derivative is possible as a final product) and the delivery 
point is Germany. The global lot is “vector open” (which means different carriers 
are used, but hydrogen needs to be delivered) and the delivery points are 
Germany and the Netherlands. The bid period will run until March 2026, and 
delivery is expected between 2028 and 2036 with purchase agreements for 10 
years. Australia and Canada announced further funding for H2Global of around 

https://www.gov.uk/government/consultations/hydrogen-allocation-round-2-market-engagement
https://www.gov.uk/government/publications/hydrogen-allocation-round-2-har2-projects/hydrogen-allocation-round-2-har2-shortlisted-projects
https://www.ecologie.gouv.fr/presse/lancement-du-mecanisme-soutien-production-dhydrogene-decarbone-0
https://www.omip.pt/sites/default/files/editor-files/resultados-procedimento-concorrencial.pdf
https://www.dgeg.gov.pt/media/eysca4hy/cn50-scenario-deir-studies-009-2024.pdf
https://ec.europa.eu/commission/presscorner/detail/en/mex_23_6643
https://hintco.eu/news/hintco-starts-second-h2global-tender-worth-eur-2-5-billion/
https://www.h2-global.org/news/germany-and-the-netherlands-join-forces-to-use-h2global-for-hydrogen-imports-a-significant-step-towards-energizing-european-collaboration-in-the-field-of-clean-hydrogen
https://www.h2-global.org/news/australia-and-germany-commit-eur-400-million-to-joint-h2global-auction
https://www.h2-global.org/news/canada-announces-cad-300-million-for-h2global-initial-auction
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USD 220 million each. By August 2025, H2Global had not yet announced the 
results of the methanol lot launched in December 2022. A public consultation for 
the joint auction between Germany and Canada was launched in July 2025. 

The second auction of the European Hydrogen Bank was launched in December 
2024 with a budget of EUR 1.2 billion. The call attracted 61 bids for a total funding 
requested of more than EUR 4.8 billion, with an electrolyser capacity of 6.3 GW 
and an annual production of more than 730 ktpa. The incentive provides OPEX 
support in the form of a fixed premium for up to 10 years. Some differences with 
the first round include a completion guarantee of 8% (in comparison to 4%), the 
stipulation that a maximum of 25% of stack capacity can be sourced from China, 
a dedicated budget (EUR 200 million) for a specific sector (maritime), and a lower 
ceiling price (EUR 4/kg in comparison to EUR 4.5/kg). Winners were announced 
in May 2025. The awarded funding was nearly EUR 1 billion across 15 projects 
adding up to 220 ktpa of production. Winning bids were EUR 0.2-0.6/kg for the 
general round and EUR 0.5-1.9/kg for the maritime sector. Selected projects will 
need to reach FID within 2.5 years of signing the agreements and to start 
operations within 5 years. Grant agreements are expected to be signed by October 
2025. The same auction process can be used by Austria, Lithuania and Spain to 
award additional national funding of EUR 813 million using the “Auction-as-a-
service” mechanism. Spain approved bids worth EUR 377 million. For Lithuania, 
there were no projects bidding; Austria is still to announce the projects supported 
through the mechanism. In August 2025, four projects (from both rounds) with a 
total electrolyser capacity of 1.3 GW, withdrew from the scheme due to regulatory 
uncertainty, lack of firm offtake and infrastructure delays. The terms and conditions 
for the third auction were published in July 2025 and the tender for up to 
EUR 1.1 billion is expected to be launched by the end of 2025. 

India’s SIGHT programme has a total budget of INR 175 billion (USD 2.1 billion) 
for 2025-2030, of which INR 131 billion (USD 1.6 billion) is targeted at the 
production of hydrogen and ammonia. The funding is distributed across two 
modes: Mode 1 is for a 3-year period and is open to exports, and Mode 2 has 
specific volumes of hydrogen and ammonia, to be used only for domestic 
consumption, with contracts to be signed for 10 years. In the second round of 
Mode 1, INR 22.4 billion (USD 260 million) was awarded to nine companies for a 
total of 450 ktpa of renewable ammonia with an average incentive equivalent to 
USD 0.2/kg H2, well below the USD 0.6/kg cap. For Mode 2, the first round for 
demand was opened in June 2024 and 13 projects were pre-selected in March 
2025, with a total offtake capacity of 724 ktpa of ammonia (in comparison to a 
targeted capacity of 750 ktpa). For supply, the 13 tenders were awarded in August 
2025 at a price of USD 580-750 t H2. 

https://ted.europa.eu/en/notice/-/detail/706127-2022
https://www.canadiangovernmentinthenews.com/article/836129249
https://climate.ec.europa.eu/news-your-voice/news/second-renewable-hydrogen-auction-european-commission-publishes-terms-and-conditions-2024-09-27_en
https://climate.ec.europa.eu/news-your-voice/news/second-renewable-hydrogen-auction-european-commission-publishes-terms-and-conditions-2024-09-27_en
https://climate.ec.europa.eu/news-your-voice/news/second-renewable-hydrogen-auction-european-commission-publishes-terms-and-conditions-2024-09-27_en
https://climate.ec.europa.eu/news-your-voice/news/over-subscribed-european-hydrogen-bank-auction-receives-61-bids-innovation-fund-support-including-8-2025-03-07_en
https://ec.europa.eu/commission/presscorner/detail/en/ip_25_1264
https://ec.europa.eu/commission/presscorner/detail/en/ip_25_1264
https://ec.europa.eu/commission/presscorner/detail/en/ip_24_5862
https://ec.europa.eu/commission/presscorner/detail/en/ip_24_5862
https://ec.europa.eu/commission/presscorner/detail/en/ip_24_5862
https://www.miteco.gob.es/es/prensa/ultimas-noticias/2025/junio/el-miteco-destinara-377-millones-a-las-subastas-como-servicio--a.html
https://direct.argusmedia.com/newsandanalysis/article/2721577
https://climate.ec.europa.eu/document/download/ee3b468a-ee39-4748-b3be-5ce8f0fd4652_en?filename=policies_if_draft_tc_if25_auction_h2_en.pdf
https://pib.gov.in/PressReleaseIframePage.aspx?PRID=1944758
https://www.ceew.in/gfc/quick-reads/explains/sight
https://www.seci.co.in/Upload/New/638778895730048456.pdf
https://www.seci.co.in/view/publish/tender/details?tenderid=53454349303030313537
https://www.seci.co.in/Upload/Tender/SECI000157-3336665-Amendment-02-GA-M2AT1-finalupload.pdf
https://cdnbbsr.s3waas.gov.in/s3716e1b8c6cd17b771da77391355749f3/uploads/2024/06/20240621531187367.pdf
https://direct.argusmedia.com/newsandanalysis/article/2726313
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Tax incentives 
Among advanced economies, Australia’s Hydrogen Production Tax Incentive 
was legislated in February 2025. This incentive provides OPEX support of 
AUD 2/kg (Australian dollars) (USD 1.3/kg), for a maximum of 10 years, for 
hydrogen produced between July 2027 and June 2040, with a maximum GHG 
emission intensity of 0.6 kg CO2/kg H2. The cost of industry support payments 
through to June 2034 is estimated at AUD 6.7 billion (USD 4.4 billion). The 
incentive is demand driven, meaning the total support provided will depend on 
market uptake. Canada plans to extend its Clean Hydrogen Investment Tax Credit 
to cover methane pyrolysis, and EverWind Fuels made a submission to claim the 
credit for a renewable ammonia project. The credit rate covers between 15% and 
40% of the eligible investment costs based on carbon intensity, and the investment 
tax credit is expected to provide CAD 17.7 billion (Canadian dollars) 
(USD 13 billion) from the national budget from 2023 to 2035. The United States 
published the final rules of the Clean Hydrogen Production Tax Credit (45V) 
(Box 6.1) and the Clean Fuels Production Credit (45Z) in January 2025. A new 
legislation passed in July 2025 changed the sunset clause of the 45V credit, now 
requiring construction to start before the end of 2027 (the original requirement was 
for operation to start before the end of 2032), extended the 45Z credit to 2029 
(from 2027) and increased the credit value for enhanced oil recovery in 45Q.93 In 
Europe, Finland received approval for a EUR 2.3 billion scheme from the 
European Commission. Under this scheme, tax credits can cover up to 60% of the 
eligible investment costs starting in 2028 for up to 19 years, and also cover 
electrolyser manufacturing. Funds should be allocated in 2025. 

Among emerging economies, Morocco selected five consortia developing six 
projects in southern regions (which have high renewable energy capacities) to 
benefit from the “Moroccan Offer”. This includes tax benefits such as exemption 
from import duties and VAT on goods and equipment, as well as customs 
advantages. The selected projects aim to produce ammonia, synthetic fuel and 
low-emissions steel. Mauritania passed legislation introducing tax incentives for 
hydrogen production, which include exemptions from VAT and export tax, 
reduction of import customs duties from 4% to 2% and lower corporate tax. The 
legislation also creates the Mauritanian Agency for Green Hydrogen to regulate 
development activities. The government aims to issue traceability guarantees or 
guarantees of origin to attest to the renewable nature of the hydrogen produced. 
Brazil approved a 3 GW hydrogen and ammonia project in the Export Processing 
Zone of Parnaíba. Projects operating in this area can benefit from tax incentives 
including income tax and up to 75% reduction in corporate income tax. 

 
 

93 Also extending the credits that required permanent storage to be applicable to CO2 use or enhanced oil recovery (USD 85/t 
for industrial and power facilities and USD 180/t for direct air capture). 

https://www.ato.gov.au/businesses-and-organisations/income-deductions-and-concessions/incentives-and-concessions/production-tax-incentives/hydrogen-production-tax-incentive
https://treasury.gov.au/sites/default/files/2024-06/c2024-541265-cp.pdf
https://budget.canada.ca/update-miseajour/2024/report-rapport/tm-mf-en.html
https://www.newswire.ca/news-releases/everwind-completes-clean-hydrogen-investment-tax-credit-submission-and-carbon-intensity-validation-856200421.html
https://natural-resources.canada.ca/energy-sources/clean-fuels/hydrogen-strategy/hydrogen-strategy-canada-progress-report
https://www.federalregister.gov/documents/2025/01/10/2024-31513/credit-for-production-of-clean-hydrogen-and-energy-credit
https://home.treasury.gov/news/press-releases/jy2780
https://www.congress.gov/bill/119th-congress/house-bill/1/text
https://www.congress.gov/bill/119th-congress/house-bill/1/text
https://ec.europa.eu/commission/presscorner/detail/en/ip_25_527
https://competition-policy.ec.europa.eu/state-aid/temporary-crisis-and-transition-framework_en
https://www.cg.gov.ma/ar/node/12240
https://www.masen.ma/themes/custom/masen/assets/files/Circulaire-Fra.pdf
https://www.msgg.gov.mr/sites/default/files/2024-11/J.O%201568%20F.pdf
https://www.gov.br/mdic/pt-br/assuntos/noticias/2025/marco/projeto-de-hidrogenio-verde-vai-operar-no-piaui-em-parnaiba
https://www.hydrogeninsight.com/production/tax-breaks-of-75-brazilian-government-grants-special-status-to-3gw-green-hydrogen-and-ammonia-project/2-1-1794381
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Box 6.1 Final rules of the Clean Hydrogen Production Tax Credit (45V 
IRA) in the United States 

The 45V incentive is a tax credit applicable for a period of 10 years for projects that 
start construction before the end of 2027. The amount of the incentive is related to 
the emissions intensity of the hydrogen produced, with the maximum incentive 
(USD 3.2/kg H2) given to projects that meet a threshold of 0.45 kg CO2/kg H2 (well-
to-gate). The incentive is divided by five if the facility does not meet certain labour 
conditions (i.e. if prevailing wage and apprenticeship requirements are not met, the 
maximum incentive is USD 0.637/kg). The incentive can be stacked with state-
level incentives (at the discretion of state policy makers) or with the electricity 
production credit (45Y) which provides an incentive of up to USD 30/MWh for the 
electricity input. The Department of the Treasury published draft rules for eligibility 
in December 2023, held a public hearing in March 2024 and published the final 
rules in January 2025. 

Hydrogen producers aiming to demonstrate electricity consumption from specific 
generators (e.g. solar, wind) must procure and retire matching Energy Attribute 
Certificates that meet requirements defined in the rules. Specifically: 

 Incrementality. The electricity generation feeding into the hydrogen 
production facility should begin operating within 36 months of the facility start-
up. There are two main exemptions to the condition. First, for nuclear plants 
that are at risk of retirement and co-dependent on the hydrogen investment for 
up to 200 MWh per reactor. Second, for electricity from states that have an 
electricity decarbonisation standard with a zero GHG emissions target by 2050 
or earlier and a GHG cap programme that is legally binding, with a carbon price 
floor of at least USD 25/t CO2-eq and a non-compliance penalty of at least 
USD 90/t CO2-eq. Currently, California and Washington meet such conditions. 

 Time-matching. Annual correlation between the electricity input and hydrogen 
production until the end of 2029 with hourly correlation starting afterwards for 
all the facilities (i.e. no grandfathering). 

 Deliverability. The electricity generation and the hydrogen production facility 
should be in the same grid region as defined in the final rules (these regions 
are based on the National Transmission Needs Study). 

 

For methane-based production, facilities must account for carbon capture rates 
based on annual averages. For upstream emissions, 45VH2-GREET has default 
values, but companies can also use their own values if they have been verified by 
the Environmental Protection Agency under the Subpart W rules within their 
Greenhouse Gas Reporting Program. The methodology to calculate lifecycle GHG 
emissions (including emissions in counterfactual scenarios) is defined for several 
gases including methane from wastewater, animal manure, landfills and coal 

https://www.irs.gov/irb/2025-30_IRB
https://www.federalregister.gov/documents/2024/06/03/2024-11719/section-45y-clean-electricity-production-credit-and-section-48e-clean-electricity-investment-credit
https://www.federalregister.gov/documents/2023/12/26/2023-28359/section-45v-credit-for-production-of-clean-hydrogen-section-48a15-election-to-treat-clean-hydrogen
https://www.federalregister.gov/documents/2024/03/04/2024-04304/section-45v-credit-for-production-of-clean-hydrogen-section-48a15-election-to-treat-clean-hydrogen
https://www.federalregister.gov/documents/2025/01/10/2024-31513/credit-for-production-of-clean-hydrogen-and-energy-credit
https://www.energy.gov/gdo/national-transmission-needs-study
https://www.energy.gov/eere/greet
https://www.energy.gov/eere/articles/energy-department-removes-barriers-american-energy-producers-unleashing-investment
https://www.epa.gov/ghgreporting
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mines. Blending of these alternative gases cannot be used to bring hydrogen with 
a high emissions intensity within the GHG limit to receive (or increase) incentives. 
The rules also specify a book-and-claim system for natural gas alternatives from 
2027 and detail the information that those systems would need to provide. 

Companies interested in pathways that are not in 45VH2-GREET may apply to 
DoE for an emissions value through their Emissions Value Request Process, once 
they have completed a Class 3 FEED study. Companies can then submit this 
emissions value to the Internal Revenue Service (i.e. “file a petition for a provisional 
emissions rate”) when seeking a corresponding tax credit for hydrogen production. 

Other policy instruments 

Industrial policies to support domestic manufacturing of 
hydrogen technologies 
Since GHR-24, four different countries have awarded a total of USD 1 billion for 
electrolyser manufacturing (Figure 6.4). Japan awarded USD 379 million to four 
projects that could support 6 GW/yr of alkaline electrolyser manufacturing, the 
equivalent of 10 GW/yr of membranes for proton exchange membrane (PEM) 
electrolysers and 105 000 fuel cells for transport applications. The United States 
promotes manufacturing through the 48C tax credit from the Inflation Reduction 
Act (IRA). In 2024, it awarded USD 308 million to seven projects in the first round 
of approved projects, and USD 43 million to a further two projects in the second 
round in January 2025. India awarded INR 22 billion (USD 265 million) to 
13 projects for a total electrolyser manufacturing capacity of 1.5 GW/yr, of which 
0.4 GW/yr is expected to use a domestically produced electrolyser stack. 
0.3 GW/yr were allocated to large-scale (up to 300 MW/yr) domestic 
manufacturing and 100 MW/yr were for small-scale (up to 30 MW/yr) 
manufacturing. Incentives are provided for 5 years, decreasing from USD 53/kW 
to USD 18/kW. Chile awarded USD 25.6 million to three projects (from ten 
applications) to manufacture alkaline electrolysers, potentially triggering a total 
investment of more than USD 50 million. 

The update to France’s hydrogen strategy confirmed the allocation of more than 
EUR 3 billion of funding (across the past couple of years) for electrolyser 
manufacturing, including four electrolyser production plants across three 
technologies (alkaline, PEM, solid oxide), for fuel cells for transport applications, 
and for key components (e.g. membranes). 

Hydrogen technologies were also included as part of broader packages targeting 
clean technology manufacturing. Finland announced a separate EUR 400 million 

https://www.energy.gov/eere/45v-emissions-value-request
https://www.asahi-kasei.com/jp/news/2024/ze241218_2.html
https://www.toray.co.jp/news/article.html?contentId=t3a13kl0
https://global.honda/jp/news/2024/c241218.html
https://www.energy.gov/infrastructure/qualifying-advanced-energy-project-credit-48c-program
https://content.govdelivery.com/accounts/USEERE/bulletins/39b75fe
https://www.energy.gov/mesc/applicant-self-disclosed-48c-projects
https://www.seci.co.in/Upload/New/638727344040036424.pdf
https://www.induambiente.com/apoyan-la-instalacion-de-fabricas-de-electrolizadores-para-la-industria-de-hidrogeno-verde
https://presse.economie.gouv.fr/strategie-nationale-hydrogene-snh-ii-le-gouvernement-publie-sa-mise-a-jour/
https://www.businessfinland.fi/en/whats-new/news/2025/business-finland-opens-a-funding-call-for-large-clean-transition-investments
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programme for industrial decarbonisation that includes technology manufacturing. 
Grants are to be awarded in 2025, and projects should be completed within 
36 months of receiving the grant. Elsewhere in Europe, the Czech Republic 
proposed a EUR 960 million package for manufacturing including electrolysers. 

Figure 6.4. Public funding for electrolyser and clean technology manufacturing since 
the Global Hydrogen Review 2024 

 
IEA. CC BY 4.0. 

Notes: Public funding for “Clean tech manufacturing” includes broader funding packages that will, in part, be allocated to 
hydrogen technologies, although the exact share going to such technologies has not yet been determined. Funding for both 
electrolyser and fuel cell manufacturing is included. 

Since GHR-24, four different countries have awarded a total of USD 1 billion for electrolyser 
manufacturing. 

Not all the support provided for electrolyser manufacturing had an explicit budget 
allocated. In India, the state of Telangana announced a 25% CAPEX subsidy for 
electrolyser and fuel cell manufacturing, capped at a maximum of INR 300 million 
(USD 3.5 million) for plants of 0.5-3 GW/yr. This is part of the state’s Green Energy 
Policy (see Strategies and targets above), which also includes incentives beyond 
manufacturing. 

Promotion of RD&D, innovation and 
knowledge-sharing 

Government investment in RD&D in hydrogen technologies remained robust in 
2024, exceeding the historical record of 2023 by more than 2% (Figure 6.5).94 In 
the past 5 years alone, RD&D spending on hydrogen technologies has nearly 

 
 

94 The IEA has collected data on energy RD&D spending in member countries since 2004. Data on RD&D spending in Brazil 
has been collected since 2013. 
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https://ec.europa.eu/commission/presscorner/detail/en/ip_25_781
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quadrupled to reach almost USD 2.8 billion, representing a share of almost 10% 
of total clean energy RD&D spending. To put this growth into perspective, total 
clean energy R&D spending has grown at an annual pace of 5% since 2019. 

Figure 6.5. Government RD&D spending on hydrogen technologies by selected 
regions, 2018-2024 

 
IEA. CC BY 4.0. 

Note: Data includes IEA Member countries. 

Public budgets for RD&D on hydrogen technologies remained stable in 2024 at nearly 10% 
of the clean energy RD&D budget. 

Within IEA member countries, two-thirds of RD&D funding is from Europe. At the 
EU level, the Clean Hydrogen Partnership is the main funding platform using 
grants, with a call of EUR 185 million opening in January 2025. The call covered 
19 different topics including 2 related to hydrogen valleys (EUR 80 million) and 
seven to renewable hydrogen production (EUR 40 million). This level of annual 
funding should be maintained at least until 2027, as the partnership is part of the 
EU Multiannual Financial Framework that has been agreed for the 2021-2027 
period. Funding from 2028 will be defined as part of the new financial cycle 
(2028-2034) which will start to be discussed in mid-2025. 

In the United States, for FY2026, the latest budget proposal from July 2025 looks 
to entirely cut the hydrogen funding for the Office of Energy Efficiency and 
Renewable Energy (from USD 170 million in FY2024) and reduce the funding for 
the Office of Fossil Energy and Carbon Management. This is planned to be 
finalised before October 2025. 

Elsewhere, Australia has established the Future Made in Australia Innovation 
Fund with AUD 1.5 billion (USD 1 billion) of funding. AUD 500 million was 
allocated to clean technology manufacturing (including electrolysers), 
AUD 750 million to low-emissions metals (including direct reduced iron from 
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https://www.clean-hydrogen.europa.eu/call-proposals-2025-open_en
https://ec.europa.eu/commission/presscorner/detail/en/ip_25_486
https://www.energy.gov/sites/default/files/2025-07/doe-fy-2026-budget-approps-congressional-control-v5.pdf
https://arena.gov.au/funding/future-made-in-australia-innovation-fund/
https://www.minister.industry.gov.au/ministers/husic/media-releases/albanese-government-backs-australias-steelmaking-future
https://www.minister.industry.gov.au/ministers/husic/media-releases/backing-our-metals-manufacturers-aussie-know-how
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renewable hydrogen) and AUD 250 million to low-carbon liquid fuels. The 
Netherlands published the results of a public consultation on its EUR 380 million 
programme to demonstrate offshore hydrogen production. The first tender for 
30-50 MW of electrolysis with a starting operating date of 2031 could be launched 
in 2025. Luxembourg also launched a tender with a budget of EUR 110 million 
for demonstration projects for 12 MW of electrolysis, providing CAPEX support of 
up to 45%, and OPEX support of up to EUR 10/kg. 

China’s National Energy Administration (NEA) published a plan for pilot initiatives 
across 11 areas of the hydrogen value chain targeting commercial deployment by 
June 2028. Each pilot should demonstrate technological progression, commercial 
potential, substantial carbon reduction benefits, and replicable frameworks. For 
hydrogen production, electrolysers should be of at least 100 MW, predominantly 
powered by paired renewable energy, with no more than 20% of renewable power 
from the grid. The minimum length for hydrogen pipelines is 100 km and the 
minimum size for storage projects is 20 000 Nm3. The NEA focuses on uses for 
refining, coal-to-liquid replacement, power generation and long-duration energy 
storage with at least 1 000 tpa of hydrogen use. 

International co-operation 
Over the past year, multilateral co-operation on renewable hydrogen has 
continued to advance across key international fora. 

At the 15th Clean Energy Ministerial (CEM) in October 2024, ministers launched 
the Action Plan to Accelerate Future Fuels, covering “clean” hydrogen95 and its 
derivatives. The plan was endorsed by nine countries, is supported by the private 
sector and aims to accelerate the use and supply of future fuels by promoting 
demand as well as integrated supply chains and standards for lifecycle carbon 
accounting. The International Hydrogen Trade Forum (IHTF) (a high-level inter-
governmental forum established in 2023 under the umbrella of the CEM Hydrogen 
Initiative) hosted two high-level dialogues focused on the development of 
emerging trade corridors. In May 2024, Ministerial officials discussed analysis 
carried out by IHTF and the Hydrogen Council, and in October 2024 debated the 
financing solutions, infrastructure developments and standardisation needs during 
a dedicated CEM/G20 IHTF side-event. 

In November 2024, COP 29 featured several key developments on hydrogen: 

 The Hydrogen Declaration was endorsed by 62 governments and 47 non-state 
actors. The declaration called on countries and stakeholders to scale up low-
emissions hydrogen production, and to accelerate the decarbonisation of 

 
 

95 See Explanatory notes annex regarding the use of the term “clean” hydrogen in this report. 

https://www.industry.gov.au/news/further-commitment-greener-future-made-australia
https://www.rvo.nl/onderwerpen/waterstof/waterstofproductie-op-zee/interessepeiling
https://nationaalwaterstofprogramma.nl/actueel/nieuws/2992020.aspx?t=Oproep-tot-projectvoorstellen-waterstofproductie-op-zee-verschoven
https://nationaalwaterstofprogramma.nl/actueel/nieuws/2992020.aspx?t=Oproep-tot-projectvoorstellen-waterstofproductie-op-zee-verschoven
https://gouvernement.lu/fr/gouvernement/delles-lex/actualites.gouvernement2024+fr+actualites+toutes_actualites+communiques+2024+11-novembre+05-hydrogene-renouvelable.html
https://www.nea.gov.cn/20250610/472b12c43f534aab9a95de81034dcd92/20250610472b12c43f534aab9a95de81034dcd92_2288580504e06346d39eb8d268c8e70947.pdf
https://www.cleanenergyministerial.org/action-plan-to-accelerate-future-fuels-launched-at-cem15/
https://www.cleanenergyministerial.org/action-plan-to-accelerate-future-fuels-launched-at-cem15/?cn-reloaded=1
https://www.unido.org/news/launch-international-hydrogen-trade-forum-accelerate-global-hydrogen-flows
https://hydrogencouncil.com/wp-content/uploads/2024/05/Emerging-trade-corridors-for-hydrogen-and-its-derivatives.pdf
https://cop29.az/en/pages/cop29-hydrogen-declaration
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existing hydrogen from unabated fossil fuels, especially in hard-to-abate 
sectors. The areas of action include demand creation, global standards for 
certification schemes, and financial and technical assistance. 

 The Hydrogen Industry Call to Action, endorsed by nearly 20 hydrogen 
associations and initiatives, urged a collective commitment to scaling demand 
for clean hydrogen and its derivatives by 2030, supported by offtake 
incentives, mandates, and integration into nationally determined contributions. 

 The Call to Action for Maritime Sector Decarbonisation, endorsed by more than 
50 stakeholders across the maritime value chain, including ship owners, 
operators, cargo owners, and renewable hydrogen producers, aims to 
incentivise the production and offtake of “green hydrogen”96 and hydrogen 
derivatives. It underscores the need for co-ordinated supply and demand-side 
efforts and calls for the adoption of a mandatory package of measures by the 
International Maritime Organization in 2025, including a GHG intensity fuel 
standard and a GHG levy. 

 

In addition, the 2024 Breakthrough Agenda Report outlined new Priority 
International Actions for 2025 under the Hydrogen Breakthrough, aiming to make 
renewable and low-carbon hydrogen97 globally accessible and affordable by 2030. 
These actions prioritise enhanced international co-operation in strategic areas, 
with particular attention to supporting emerging markets and developing 
economies (EMDEs). As part of these efforts, a key financing milestone was 
reached with the joint commitment of 12 Development Finance Institutions to 
support the 10 GW Lighthouse Initiative, which aims to advance large-scale 
renewable hydrogen projects in EMDEs to reach FID by 2030. 

Japan signed 70 memoranda of understanding (MoU) in August 2024 with 
partners at the Asia Zero Emission Community ministerial meeting in Jakarta to 
support sustainable fuel markets and hydrogen-related investments. 

These agreements reflect growing momentum for international collaboration on 
low-emissions hydrogen, with a strong focus on infrastructure development, 
technology promotion, and the creation of markets for low-emissions energy 
sources. 

 
 

96 See Explanatory notes annex regarding the use of the term “green” hydrogen in this report. 
97 See Explanatory notes annex regarding the use of the term “low-carbon” hydrogen in this report. 

https://hydrogencouncil.com/en/industry-leaders-call-for-decisive-action-on-clean-hydrogen-at-cop29/
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/lng/111324-cop29-call-to-action-pushes-for-acceleration-of-zero-emission-fuels-uptake-in-shipping
https://www.iea.org/reports/breakthrough-agenda-report-2024
https://www.worldbank.org/en/news/press-release/2023/11/17/world-bank-proposes-10-gw-clean-hydrogen-initiative-to-boost-adoption-of-low-carbon-energy
https://www.reuters.com/business/energy/japan-signs-70-mous-with-partners-energy-transition-2024-08-21/
https://www.meti.go.jp/policy/energy_environment/global_warming/azec/azec_en.html
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Certification, standards and regulations 

Standards, certification and regulation on the 
environmental attributes of hydrogen 

Certification 
Some countries and regions (Canada, European Union, India, United Kingdom, 
United States) now have a certification scheme in place with a defined 
methodology for GHG emissions quantification. In several others (Brazil and the 
rest of Latin America, Japan, Korea), a certification scheme and an emissions 
threshold have been announced, but the definition of the methodology and rules 
to measure GHG emissions are still pending. Others still (Australia and 
Switzerland) are working towards putting in place a guarantees of origin scheme 
to promote transparency.  

Efforts are needed to advance the schemes that are still lacking detail on 
methodology, with the aim of standardisation as soon as possible using the 
International Organization for Standardization (ISO) guidelines that will become 
available in 2025/2026. Mutual recognition and interoperability of the schemes that 
already have rules in place is crucial; while certification schemes are typically 
based on the policy objectives, regulations and targets in each jurisdiction, use of 
a common methodology facilitates their comparability. A modular approach to 
quantify emissions from different parts of the value chain, and combination with a 
digital product passport, could further facilitate global trade. 

ISO continues to make progress on the ISO-19870-x series of standards being 
developed under the ISO TC197 Subcommittee for the assessment of lifecycle 
GHG emissions associated with the hydrogen supply chain. Part 1, related to 
hydrogen production, progressed to the enquiry stage, during which ISO members 
had 12 weeks to provide comments. This means it could become a standard 
before the end of 2025. Parts 2 to 4, related to transport to the consumption gate 
using liquid hydrogen, ammonia and liquid organic hydrogen carriers, remain on 
track to become standards in 2026.  

In Australia, a public consultation on legislation defining the methodology for GHG 
emissions quantification began in June 2025 for its "Product Guarantee of Origin" 
(PGO) scheme, with a view to begin using it by the second half of 2025. PGOs are 
not tradeable, but rather are designed to track information about a batch of 
hydrogen, such as on the electricity used for production. If production uses 
electricity generated from a renewable energy source, the certificate must state 
whether the electricity is from the grid which the facility is connected to. The period 
in which the electricity was produced and subsequently used can also be included. 

https://www.iea.org/reports/towards-hydrogen-definitions-based-on-their-emissions-intensity
https://www.iso.org/standard/88686.html
https://www.iso.org/stages-and-resources-for-standards-development.html
https://www.iso.org/standard/88687.html
https://www.iso.org/standard/88688.html
https://www.iso.org/standard/88689.html
https://www.dcceew.gov.au/energy/renewable/guarantee-of-origin-scheme
https://cer.gov.au/news-and-media/news/2024/december/guarantee-origin-legislation-passed
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The scheme will start with hydrogen and later expand to metals and low-carbon 
liquid fuels, and will be used to verify eligibility for funding programmes like 
Headstart and production tax incentives. 

Canada published validation and verification guidance documents with 
specifications on estimating the carbon intensity of hydrogen production. The 
guidance is based on the Clean Fuel Regulations specifications to ensure 
consistency. Default carbon intensity factors for different production pathways are 
also provided. 

Chile, the European Union and the Latin American Energy Association launched 
a project for capacity-building on meeting international standards for certification 
of hydrogen and derivatives intended for exports. 

In Korea, the Korea Energy Economics Institute, which operates the national 
certification scheme, issued a public notice to support up to 15 projects in 
conducting a preliminary certification review based on design data and operation 
plans at the pre-operational stage. Certification is recommended for participation 
in the Clean Hydrogen Portfolio Standard. 

India launched its Green Hydrogen Certification Scheme in April 2025 following a 
public consultation. The scheme defines a methodology for GHG emissions 
monitoring and measurement as an annual average, and covers only production 
(without hydrogen transport) from renewables and biomass. For other pathways, 
other Indian and ISO standards such as IS/ISO-14064 or ISO 19870 may be used. 
The Bureau of Energy Efficiency is due to define the institutions that can provide 
certification, monitoring and verification of the scheme. Certification and 
compliance with the 2 kg CO2-eq/kg H2 from the Green Hydrogen Standard are 
needed for projects to be able to receive incentives from the National Green 
Hydrogen Mission (which has a total funding equivalent to about USD 2.2 billion 
until 2030). 

Poland proposed legislation to regulate the hydrogen sector which includes 
definitions (without GHG thresholds) for low-emissions hydrogen, renewable 
hydrogen and RFNBO. 

In Switzerland, a guarantees of origin (GoOs) scheme has been in place since 
January 2025. This scheme is not a certification scheme and it is meant to 
contribute to transparency, avoidance of double counting and emissions 
reduction. The GoOs are standardised with those of the wider European Energy 
Community, which means the EU voluntary schemes can also be used as proof 
of compliance with the requirements. A minimum of 40% GHG reduction in 
comparison to hydrogen produced with fossil fuels is stipulated. 

https://www.dcceew.gov.au/energy/hydrogen/hydrogen-headstart-program
https://www.ato.gov.au/businesses-and-organisations/income-deductions-and-concessions/incentives-and-concessions/production-tax-incentives/hydrogen-production-tax-incentive
https://natural-resources.canada.ca/taxes/income-tax/corporation-income-tax/federal-tax-credits/clean-economy-investment-tax-credits-itcs/clean-hydrogen-investment-tax-credit-validation-and-verification-guidance-document/clean-hydrogen
https://data-donnees.az.ec.gc.ca/data/regulatee/climateoutreach/carbon-intensity-calculations-for-the-clean-fuel-regulations/en/Current%20Version?lang=en
https://www.canada.ca/en/environment-climate-change/services/managing-pollution/fuel-life-cycle-assessment-model.html
https://www.agcid.gob.cl/noticias/2467-chile-la-union-europea-y-olade-elaboraran-hoja-de-ruta-para-la-certificacion-del-hidrogeno-renovable-en-america-latina-y-el-caribe
https://www.agcid.gob.cl/noticias/2467-chile-la-union-europea-y-olade-elaboraran-hoja-de-ruta-para-la-certificacion-del-hidrogeno-renovable-en-america-latina-y-el-caribe
https://international-partnerships.ec.europa.eu/document/download/69283e39-b6f0-4451-ae69-0a0dfa010261_en?filename=ADELANTE-Window-2021-2024-Sistematisation.pdf
https://www.epj.co.kr/news/articleView.html?idxno=35873
https://cdnbbsr.s3waas.gov.in/s3716e1b8c6cd17b771da77391355749f3/uploads/2025/05/202505052107647402.pdf
https://cdnbbsr.s3waas.gov.in/s3716e1b8c6cd17b771da77391355749f3/uploads/2024/09/20240906752526163.pdf
https://static.pib.gov.in/WriteReadData/specificdocs/documents/2023/aug/doc2023819241201.pdf
https://www.gov.pl/web/klimat/przygotowujemy-ustawe-ktora-przyspieszy-rozwoj-gospodarki-wodorowej-w-polsce
https://www.bfe.admin.ch/bfe/de/home/versorgung/stromversorgung/herkunftsnachweise-und-stromkennzeichnung.html
https://energy.ec.europa.eu/topics/renewable-energy/bioenergy/voluntary-schemes_en
https://www.fedlex.admin.ch/eli/cc/2025/250/de
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In the European Union, the European Commission accredited CertifHy, REDcert-
EU and International Sustainability & Carbon Certification (ISCC EU) as voluntary 
schemes to demonstrate compliance with the RFNBO requirements of RED. ISCC 
EU has already been used to certify a synthetic methanol plant in Denmark, a 20-
MW project in Germany and hydrogen from chlor-alkali in the Netherlands. 
CertifHy announced the recognition of Vinçotte, TÜV SÜD, TÜV Rheinland and 
SGS as certification bodies authorised to operate under its RFNBO scheme. TÜV 
SÜD issued the first RFNBO certificate to Tyczka, a German company involved in 
hydrogen production, transport and refuelling stations. CertifHy also issued 
RFNBO certificates to a 6.3 MW synthetic methane plant in Germany. The 
European Union also launched a public consultation on the “low-carbon” 
hydrogen98 Delegated Act in September 2024, and published a methodology for 
GHG emissions savings in July 2025. This applies to non-renewable production 
pathways. Twelve EU member states have asked for a reassessment of the 
additionality rules in the methodology relating to renewable hydrogen and for a 
potential delay of the introduction of hourly correlation (currently scheduled to 
begin in 2030). The Parliament has also asked the European Commission to 
perform a study on the rules for RFNBO and propose changes to the Delegated 
Act if necessary. 

Operational and safety standards  
Since GHR-24, the ISO Technical Committee 197 published eleven new or 
updated international standards99 related to hydrogen use in vehicles and fuel 
quality. 26 standards have been published so far, and 23 are under development, 
of which the majority relate to fuelling stations, fuelling protocols and vehicle 
fuelling system components. The International Electrochemical Commission 
(IEC)100 published six standards on railway applications and fuel cell systems for 
small-scale power generation, with a total of 38 hydrogen-related standards now 
published in these areas. 

China published four new standards: two for PEM electrolysers (GB/T 45539-
2025, GB/T 45541-2025), approved in March 2025, and two for valves and 
containers of liquid hydrogen (GB/T 45027-2024, GB/T 45161-2024), approved in 
January 2025. 

Canada published a roadmap for hydrogen codes and standards in April 2025. 
This identifies any gaps in standards for hydrogen technologies and processes 
across production, delivery, storage and end use. The gaps were assessed based 
on their potential implications, looking at urgency, criticality and activity within the 

 
 

98 See Explanatory notes annex regarding the use of the term “low-carbon” hydrogen in this report. 
99 ISO 19887-1:2024, ISO 14687:2025, ISO 19880-2:2025, ISO 19880-5:2025, ISO-19880-7:2025, ISO 19880-8:2024, ISO 
19881:2025, ISO 19882:2025, ISO 24078:2025, ISO 22734-1:2025, ISO 17268-1:2025. 
100 The IEC covers standards for all electrical and electronic equipment from generation to end use. 

https://eur-lex.europa.eu/eli/dec_impl/2024/3180/oj/eng
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32024D3194&qid=1734857382136
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32024D3194&qid=1734857382136
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32024D3176&qid=1734857382136
https://europeanenergy.com/2025/04/08/e-methanol-from-kasso-gets-first-ever-eu-certification-on-green-fuels/
https://www.hydrogeninsight.com/production/trailblazer-air-liquide-becomes-germany-s-first-rfnbo-certified-green-hydrogen-supplier/2-1-1805839
https://www.nobian.com/news/nobian-first-large-scale-100mw-european-producer-green-hydrogen-rfnbo-certification
https://www.certifhy.eu/news/rfnbo-certification-bodies/
https://www.certifhy.eu/news/sgs-certifhy-eu-rfnbo-scheme/
https://www.certifhy.eu/wp-content/uploads/2025/04/CERTIFICATE_Tyczka_APR25.pdf
https://www.hy2gen.com/press-releases/rfnbo-certified
https://energy.ec.europa.eu/news/commission-launches-consultation-draft-methodology-low-carbon-hydrogen-2024-09-27_en
https://ec.europa.eu/commission/presscorner/detail/en/ip_25_1743
https://www.consilium.europa.eu/en/meetings/tte/2025/03/17/
https://www.europarl.europa.eu/doceo/document/TA-10-2025-0137_EN.pdf
https://www.iso.org/committee/54560.html
https://www.iso.org/committee/54560.html
https://webstore.iec.ch/en/products/?p=1&f=eyJkYXRlUmFuZ2VzIjp7InB1YmxpY2F0aW9uX2RhdGUiOnsibWluIjoiMjAyNC0wOC0wMSIsIm1heCI6IjIwMjUtMDQtMjUifX0sInRlcm1zIjp7fSwidmFsaWRPbmx5Ijp0cnVlLCJwdWJsaWNhdGlvbklkcyI6bnVsbCwic2hvd1RyZiI6dHJ1ZSwiZGlzcGxheU1vZGUiOiJncmlkIn0=
https://www.iec.ch/dyn/www/f?p=103:7:::::FSP_ORG_ID:1248
https://www.iec.ch/dyn/www/f?p=103:7:::::FSP_ORG_ID:1309
https://webstore.iec.ch/en/iec-search/result?q=62282&p=1&f=eyJkYXRlUmFuZ2VzIjp7fSwidGVybXMiOnt9LCJ2YWxpZE9ubHkiOnRydWUsInB1YmxpY2F0aW9uSWRzIjpudWxsLCJzaG93VHJmIjpmYWxzZSwiZGlzcGxheU1vZGUiOiJsaXN0In0=
https://www.chinesestandard.net/PDF/English.aspx/GBT45539-2025
https://www.chinesestandard.net/PDF/English.aspx/GBT45539-2025
https://www.chinesestandard.net/PDF/English.aspx/GBT45541-2025
https://www.china-certification.com/en/new-standards-endorsed-for-hydrogen-tech-development-in-china/
https://www.chinesestandard.net/PDF.aspx/GBT45027-2024?English_GB/T%2045027-2024
https://www.chinesestandard.net/PDF.aspx/GBT45161-2024?English_GB/T%2045161-2024
https://www.china-certification.com/en/new-standards-for-liquid-hydrogen-valves-and-safety-systems-gb-t-45027-and-gb-t-45161/
https://natural-resources.canada.ca/sites/admin/files/documents/2025-02/Canadian%20Hydrogen%20Codes%20and%20Standards%20Roadmap_Feb.12_EN.pdf
https://www.iso.org/standard/65490.html?browse=tc
https://www.iso.org/standard/82660.html?browse=tc
https://www.iso.org/standard/85839.html?browse=tc
https://www.iso.org/standard/87684.html?browse=tc
https://www.iso.org/standard/81701.html
https://www.iso.org/standard/83949.html?browse=tc
https://www.iso.org/standard/19881?browse=tc
https://www.iso.org/standard/19881?browse=tc
https://www.iso.org/standard/82596.html?browse=tc
https://www.iso.org/standard/77734.html?browse=tc
https://www.iso.org/standard/82766.html?browse=tc
https://www.iso.org/standard/86283.html?browse=tc
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sector, among other factors. The top priorities identified for the coming 18-36 
months included standards for water electrolysis, carbon intensity, ammonia for 
hydrogen delivery and storage, and hydrogen use in steel production and heavy-
duty vehicles. The roadmap also identifies 19 actions to support codes and 
standards developments. 

In the United Kingdom, the British Standards Institution published a Publicly 
Available Specification (PAS 4445:2025) that provides recommendations on the 
design, construction and performance of large equipment that is either built to use 
hydrogen or designed to be converted to hydrogen for industrial and commercial 
applications. 

The United States published the final rule on performance requirements for all 
motor vehicles using hydrogen as a fuel source. This includes requirements for 
the integrity of the fuel system and compressed hydrogen onboard storage. 
Separately, the Federal Aviation Administration published a safety and 
certification roadmap for hydrogen-fuelled aircraft which maps existing standards 
and certification readiness and identifies research needs and actions until 2032. 

Regulations on infrastructure, permitting and other areas 
Germany approved the hydrogen core network in October 2024 with a length of 
9 040 km, down from 9 721 km in the draft application from July 2024. The 
network is expected to use 44% new pipelines and have a capital cost of 
EUR 18.9 billion. The network operators plan to complete 525 km in 2025, with 
the network completed by 2032. The plan will be revised every 2 years. Approval 
has not affected plans for financing of the network (which were described in GHR-
24) including a cap on fees that can be charged to users, a regulated return on 
equity of 6.69% and an amortisation account that will be used to cover payments 
during the initial period of low utilisation. This account will be financed by a 
EUR 24 billion credit line from the German development bank KfW, which signed 
the loan agreement in November 2024. KfW made the first annual payment to the 
amortisation account for EUR 172 million in March 2025, which was then 
forwarded to the 18 network operators. In March 2025, the Federal Network 
Agency, which manages the regulation of networks, published its proposed tariff 
scheme for public consultation. The tariff proposed was EUR 25/kW per year 
based on two conditions: the tariff must fully offset the costs incurred during the 
ramp-up phase by 2055 and be in line with market conditions. The tariff will be 
applied at all entry and exit points of the hydrogen core network until 2055. 

In Spain, the full amount of funding requested by Enagás (EUR 75.8 million) under 
the Connecting Europe Facility Energy (CEF-E) for feasibility and engineering 
studies was approved by the European Commission in January 2025. This relates 
to Projects of Common Interest (PCIs) within the H2Med corridor and the initial 

https://knowledge.bsigroup.com/products/hydrogen-fired-equipment-for-use-in-industrial-and-commercial-non-domestic-settings-code-of-practice
https://www.federalregister.gov/documents/2025/01/17/2024-31367/federal-motor-vehicle-safety-standards-fuel-system-integrity-of-hydrogen-vehicles-compressed
https://www.faa.gov/aircraft/air_cert/step/disciplines/propulsion_systems/hydrogen-fueled_aircraft_roadmap
https://www.faa.gov/aircraft/air_cert/step/disciplines/propulsion_systems/hydrogen-fueled_aircraft_roadmap
https://www.bundesnetzagentur.de/EN/Areas/Energy/HydrogenCoreNetwork/start.html
https://www.zeit.de/news/2025-01/05/wasserstoff-kernnetz-soll-2025-mit-525-kilometern-starten
https://www.energate-messenger.com/news/237874/return-on-equity-of-6.69-per-cent-for-the-hydrogen-core-grid
https://www.bundesnetzagentur.de/DE/Beschlusskammern/GBK/Rahmen_Ebene1/WANDA/start.html
https://www.kfw.de/About-KfW/Newsroom/Latest-News/Pressemitteilungen-Details_830720.html
https://www.kfw.de/About-KfW/Newsroom/Latest-News/News-Details_843264.html
https://www.bundesnetzagentur.de/SharedDocs/Pressemitteilungen/EN/2025/20250326_WANDA_Hochlauf.html
https://www.bundesnetzagentur.de/SharedDocs/Pressemitteilungen/EN/2025/20250326_WANDA_Hochlauf.html
https://www.enagas.es/es/sala-comunicacion/actualidad/notas-prensa/fondos-cef-hidrogeno/?utm_source=web-infraestructuras-h2&utm_medium=home&utm_campaign=banner-pci
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sections of the Spanish hydrogen backbone. Spain is progressing according to 
the planned timeline for both projects. In April 2025, Enagás launched the 
Conceptual Public Participation Plan, an 18-month stakeholder engagement 
initiative involving autonomous communities, local administrations, institutions and 
citizens in the early planning stages to ensure transparency and promote social 
and environmental integration. The Spanish hydrogen backbone, 2 600 km of 
pipeline structured into 15 segments, has been designed based on demand 
identified through the Call for Interest conducted in 2023. In parallel, four additional 
segments representing 1 480 km were submitted in December 2024 to the second 
PCI selection round, with a final decision expected by the end of 2025. An FID for 
the Spanish hydrogen backbone is expected by 2027, with construction scheduled 
to begin in 2028 and commissioning targeted by 2030. The total planned 
investment amounts to EUR 2.645 billion. 

In the Netherlands, the Dutch energy regulator, ACM, published a market report 
in May 2025 with an assessment of the hydrogen transmission tariffs. From 2033, 
at the latest, ACM will set tariffs based on actual incurred costs. Before then, some 
of the options proposed to deal with the low utilisation during the early stages are 
to use intertemporal cost allocation (i.e. spreading the cost recovery for the 
network over time), direct government subsidies to the network operators, and 
indirect government support, for example through loan guarantees. In 2022, the 
government reserved up to EUR 750 million until 2031 to cover the mismatch 
between hydrogen demand and the network capacity. This was enough to cover 
50% of the network costs, with the estimate increasing to EUR 3.8 billion since 
then, and the government reserving EUR 2.5 billion in its budget proposal in 2025. 
In November 2024, ACM published new rules for third-party access (TPA) to 
hydrogen terminals. The Netherlands will use negotiated TPA, which means the 
terminal operator and potential user will agree the conditions and rates for terminal 
use. The rules entered into force in February 2025. 

In March 2025, Denmark launched a public consultation on the method for 
allocating the capacity of the hydrogen network. The guidelines propose that 
market participants are allocated the amount of capacity they bid for on first-come-
first-served basis. In the case that demand accounts for more than 80% of the 
network capacity, at a given year and point of the network, an auction will be used 
to allocate the capacity. The network capacity for transmission to Germany must 
be offered as bundled capacity (i.e. together with the injection capacity to the 
German transmission network). To address low utilisation during the early phase, 
Denmark is opting for combination of a revenue cap101 for a period of 4 years and 
an intertemporal cost allocation that should be in place by 2027. The Transmission 

 
 

101 The utility regulator sets an upper limit annually for how much the infrastructure companies may charge system users. 
This is based on the average of costs in previous regulatory periods and operators can keep the profits if costs are lower. 

https://www.infraestructurasdehidrogeno.es/inicio-pcpp-extremadura/
https://www.enagas.es/en/press-room/news-room/press-releases/hydrogen-network-public-participation/
https://www.enagas.es/es/transicion-energetica/red-hidrogeno/infraestructuras-hidrogeno-espana/call-for-interest-red-nacional-hidrogeno/
https://www.enagas.es/es/sala-comunicacion/actualidad/notas-prensa/resultados-2024-actualizacion-estrategica/
https://www.eleconomista.es/energia/noticias/13333788/04/25/enagas-lanza-la-red-troncal-espanola-del-hidrogeno-2600-km-de-gaseoductos-y-una-inversion-de-2645-millones-de-euros.html
https://www.acm.nl/nl/publicaties/acm-publiceert-marktrapportage-waterstoftransporttarieven
https://zoek.officielebekendmakingen.nl/kst-32813-1061.pdf
https://open.overheid.nl/documenten/431d8f0c-918e-4ab3-82d8-38d14bc101a2/file
https://www.acm.nl/nl/publicaties/acm-publiceert-uitleg-nieuwe-regels-derdentoegang-waterstofterminals
https://en.energinet.dk/hydrogen/hydrogen-news/hydrogen-market-consultation-on-the-capacity-sale-method-for-danish-hydrogen-backbone/
https://energinet.dk/media/gs2hamqo/information-paper-economic-regulation-of-hydrogen.pdf
https://energinet.dk/media/qmkou2od/informationspakke-1-juni-2024.pdf
https://energinet.dk/media/gs2hamqo/information-paper-economic-regulation-of-hydrogen.pdf


Global Hydrogen Review 2025 Chapter 6: Policies 

PAGE | 230  IE
A.

 C
C 

BY
 4

.0
. 

System Operator, Energinet, is expected to draft the tariff methodologies, which 
will then need to be approved by the utility regulator. 

The United Kingdom opened a public consultation to allow 2% blending in the 
national gas transmission network. The proposal would allow producers to inject 
hydrogen in the grid if other users are unable to take supply. This measure is 
meant to improve conditions for supply projects by guaranteeing offtake, and the 
2% level is based on an assessment of changes needed for the downstream 
users, and safety. The consultation is separate from the blending level for the 
distribution network. 

At the European Union level, the EU Agency for Cooperation of Energy 
Regulators (ACER) launched a public consultation in March 2025 on intertemporal 
cost allocation mechanisms for financing hydrogen infrastructure. The 
methodology selected would need to be adopted by national regulatory 
authorities. As per the Hydrogen and Decarbonised Gas Market Regulation, 
ACER is required to issue a recommendation on intertemporal cost allocation by 
August 2025. The European Union also granted over EUR 250 million to 21 
development studies for hydrogen infrastructure in January 2025. 

In emerging markets, Oman launched a single permit system intended to simplify 
the permitting approval process and accelerate access to land as part of its third 
hydrogen auction round. China included hydrogen as an energy carrier in its 
Energy Law. This means it is no longer classified as a hazardous substance, which 
should ease the regulatory burden for hydrogen production once specific 
legislation is put in place. The legislation also covers the promotion of the 
hydrogen industry.

https://www.gov.uk/government/consultations/hydrogen-blending-into-the-gb-gas-transmission-network
https://www.gov.uk/government/publications/hydrogen-blending-in-gb-distribution-networks-strategic-decision
https://www.acer.europa.eu/documents/public-consultations/pc2025g01-public-consultation-inter-temporal-cost-allocation-mechanisms-financing-hydrogen-infrastructure
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32024R1789
https://ec.europa.eu/commission/presscorner/detail/en/ip_25_377
https://www.omanobserver.om/article/1169965/business/oman-unveils-single-permit-system-for-green-hydrogen-developers
https://hydrom.om/Round3Auction.aspx?cms=iQRpheuphYtJ6pyXUGiNqnYV4sgAJufC
https://www.nea.gov.cn/2024-11/09/c_1310787187.htm
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Chapter 7. Southeast Asia in focus 

Highlights 

 Hydrogen demand in Southeast Asia reached 4 Mt in 2024, almost 4% of the 
global total. Hydrogen production accounted for about 8% of the regional gas 
supply and 1% of regional CO2 emissions. Indonesia represents over a third of 
regional demand, followed by Malaysia (22%), Viet Nam (15%) and Singapore 
(12%). Nearly half of all demand is for ammonia, of which two-thirds comes from 
Indonesia alone. Refining accounts for a third of demand, with 40% located in 
Singapore; methanol represents the remaining 20%, with 69% in Malaysia. The 
region currently exports ammonia (15% of production) and imports methanol. 

 Indonesia, Lao PDR, Malaysia, Singapore and Viet Nam all have hydrogen 
strategies in place, and there is an opportunity to implement policies 
encouraging fuel shifting in existing applications, as well as on certification. 

 Projects in the pipeline for low-emissions hydrogen production to 2030 add up 
to almost 480 ktpa. More than 90% of this in Indonesia and Malaysia; two 
projects alone represent nearly half of this capacity. To date, 6% of the capacity 
in the pipeline has reached final investment decision (FID). 

 Indonesia, Malaysia and Viet Nam have sufficient existing ammonia demand to 
enable economies of scale in low-emissions ammonia production. Indonesia 
and Malaysia also have this potential for methanol production. State-owned 
enterprises provide an opportunity to decarbonise current hydrogen uses. 

 Use of hydrogen for steel production could create an opportunity for Indonesia 
and Viet Nam, which are home to most of the region’s steel production and iron 
ore reserves, and for the Philippines and Thailand, which rely heavily on steel 
imports to meet demand. Hydrogen-based steel could contribute to satisfying 
the expected regional steel demand growth, but faces competition from China.  

 In the maritime sector, more than 85% of total energy demand is from 
international shipping in Singapore, which is pursuing a multi-fuel strategy, 
performing trials and defining technical standards for ammonia and methanol 
bunkering. In aviation, demand is concentrated in a few airports, so supplying 
these with synthetic fuel could make large strides towards decarbonisation. 

 Near-term actions include prioritising renewables deployment, which could have 
positive consequences for the hydrogen sector, such as a lower cost of capital, 
industry experience and standardised processes. Pilot projects that enable 
gradual learning for large projects can be useful, as can leveraging existing 
hydrogen applications to create economies of scale and anchor demand. 
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Overview of the regional energy system 

Energy demand growth in Southeast Asia is expected to 
accelerate in the near term, increasing CO2 emissions 
The economy of Southeast Asia is growing fast, and so is its energy demand. In 
2024, the ten countries of the Association of Southeast Asian Nations (ASEAN) 
represented 6% of global GDP, 9% of the world’s population, 5% of energy 
demand, 5% of energy-related CO2 emissions, and 2% of clean energy spending. 
Since 2000, population has grown by more than 30% and energy demand has 
more than doubled, although there are large variations among countries. In 2024, 
of the nearly 700 million people living in the region, almost 3% still lacked access 
to electricity and 18% to clean cooking. Since 2010, the region has accounted for 
11% of global energy demand growth, and energy demand is expected to grow 
further in the future. Fossil fuels met nearly 80% of demand growth over this 
period. In 2024, Southeast Asia imported more than 50% of the 5 mbpd of oil 
demand, resulting in a net oil import bill of nearly USD 135 billion – equivalent to 
close to 4% of regional GDP. More than half of these imports were from the Middle 
East. 

Energy-related CO2 emissions in Southeast Asia reached nearly 2 Gt CO2 in 2024, 
doubling from 2006 (Figure 7.1). 85% of these emissions were concentrated in 
Indonesia, Malaysia, Viet Nam and Thailand. Looking forward, six ASEAN 
countries have set targets for net zero emissions by 2050, Indonesia by 2060, and 
Thailand by 2065. Myanmar102 and the Philippines do not have net zero targets. 
Based on existing policy settings, Energy-related CO2 emissions from the region 
are expected to increase by more than 20% by 2035 (compared to a 2024 
baseline). 

Regional co-ordination on energy policy is, in part, carried out through the ASEAN 
Plan of Action for Energy Cooperation. For the 2021-2025 period, some of the 
targets relevant for hydrogen include an aspirational target of a 23% renewable 
share in the primary energy supply and 35% renewable share in installed power 
capacity by 2025. The next phase (2026-2030) is still under preparation, and 
hydrogen is mentioned as one of the areas to explore.  

Carbon pricing, which could be used to close the cost gap for hydrogen use, is not 
currently widespread in the region, although more countries are considering 
introducing measures.103 Singapore increased its carbon tax to USD 19/t CO2 in 

 
 

102 Myanmar has a net zero target for the land use, land use change and forestry (LULUCF) sector (i.e. a subset of the entire 
economy) by 2040, which is explicitly conditional on international finance and technical support. 
103 An Emissions Trading System (ETS) was proposed in Malaysia in 2021, in Thailand in 2016, in Viet Nam in 2017; as-yet 
undefined schemes have been proposed in Brunei (2021) and the Philippines (2024). There are no announcements for 
Cambodia, Myanmar and Lao PDR. Malaysia is planning to introduce a carbon tax in 2026. 

https://aseanenergy.org/wp-content/uploads/2024/09/8th-ASEAN-Energy-Outlook.pdf
https://aseanenergy.org/wp-content/uploads/2024/09/8th-ASEAN-Energy-Outlook.pdf
https://asean.org/wp-content/uploads/2023/04/ASEAN-Plan-of-Action-for-Energy-Cooperation-APAEC-2016-2025-Phase-II-2021-2025.pdf
https://aseanenergy.org/post/aseans-cops-energy-pledges-and-the-2026-2030-regional-energy-blueprint/
https://carbonpricingdashboard.worldbank.org/
https://energynews.pro/en/malaysia-sets-2026-carbon-tax-reaffirms-decarbonization-goals-in-budget-2025/
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2024 (from USD 4/t CO2), covering 71% of national emissions. Indonesia has an 
Emissions Trading System (ETS) covering 24% of national emissions with a price 
level of less than USD 1/t CO2 and has been considering the introduction of a 
carbon tax since 2021. 

Figure 7.1 Historical energy-related CO2 emissions from Southeast Asian countries, 
2000-2024 

 
IEA. CC BY 4.0. 

Southeast Asia had almost 2 Gt of energy-related CO2 emissions in 2024 – twice the amount 
in 2006. 

The power sector is growing strongly, but uptake of low-
emissions generation technologies remains low 
In 2024, 36% of the energy-related CO2 emissions in Southeast Asia came from 
the power sector. Total electricity generation was 1 480 TWh, of which 47% came 
from coal, 27% from gas and 15% from hydropower. About 4% came from solar 
and wind (Figure 7.2). Electricity generation has nearly quadrupled since 2000, 
when it was 370 TWh, and more than 70% of the growth has been covered by 
fossil fuels. Looking ahead, generation is expected to increase by almost 60% by 
2035 in the Stated Policies Scenario (STEPS), with more than half of the growth 
met with renewables. 

In 2024, Southeast Asia had a total generation capacity of 380 GW, of which more 
than two-thirds were from fossil fuels, split nearly equally between coal and gas, 
60 GW was hydropower, 36 GW was solar PV, 8 GW was onshore wind, and 
1.5 GW was offshore wind. Viet Nam alone had 19 GW of solar PV capacity, 
although this represented just 9% of the total generation mix. Feed-in tariffs in 
Viet Nam expired in 2021 and were introduced again for solar in April 2025. Solar 
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https://vietnamenergy.vn/approving-the-price-framework-for-electricity-generation-from-hydropower-gas-power-and-solar-power-sources-in-2025-34077.html
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faces grid integration challenges, which might slow down deployment in the short 
term. Indonesia, which has the largest electricity demand in the region, had less 
than 0.2% of generation from solar PV. Viet Nam also leads in wind, with 5 GW of 
onshore wind and all of the region’s offshore capacity. Indonesia and the 
Philippines combined have 4.6 GW of geothermal. 

Figure 7.2 Electricity generation mix and total generation by Southeast Asian 
country, 2024 

 
IEA. CC BY 4.0. 

Power generation is currently dominated by fossil fuels in most Southeast Asian countries 
and hydropower has the largest role among renewable technologies. 

In terms of policies for the power sector, several countries have ambitious plans 
to scale up renewables. Brunei has a capacity target of 30% renewables by 2035, 
Indonesia targets doubling renewable energy in the generation mix to 30% by 
2035, the Philippines has a target of 35% renewable generation by 2030, and 
Malaysia has a roadmap with a 57 GW target for solar PV by 2050. Based on 
announced 2030 targets, Indonesia is expecting the fastest growth in the region, 
aiming to more than triple renewable capacity to 44 GW (from 14 GW in 2024). 
Similarly, the Philippines aims to increase renewable capacity to nearly 30 GW 
(from 10 GW), and Viet Nam targets the largest absolute growth, aiming to add 
more than 35 GW by 2030. Achieving these targets would require significant 
acceleration of recent renewables deployment trends, especially for Indonesia and 
the Philippines. To date, the most common policy instruments used in the region 
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https://www.iea.org/reports/renewables-2024
https://climatechange.gov.bn/SitePages/BNCCP/index.html#page=48
https://gatrik.esdm.go.id/assets/uploads/download_index/files/28dd4-rukn.pdf
https://gatrik.esdm.go.id/assets/uploads/download_index/files/28dd4-rukn.pdf
https://ember-energy.org/countries-and-regions/philippines-the
https://mpma.org.my/upload/2024/04_National_Energy_Transition_Roadmap_NETR_MOE.pdf
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are auctions and feed-in tariffs, and some of the policies used for renewables 
could be used as a starting point for hydrogen. For example, Indonesia has ease 
of access to low interest loans, tax allowances and accelerated regulatory 
processes for renewables. In the Philippines, the Renewable Energy Act 
introduces fiscal incentives which also cover renewable hydrogen production, and 
production from nuclear falls under the Energy Efficiency and Conservation Act, 
which offers different incentives. 

In terms of generation cost, the levelised cost of electricity (LCOE) for solar PV in 
Viet Nam was USD 85/MWh in 2023, while the LCOE for onshore wind was 
USD 80/MWh. This is comparable to power generation from unabated fossil fuels. 
An LCOE of USD 50/MWh used for electrolysis would be equivalent to about 
USD 2.5/kg H2.104 Data from past auctions provides an indication of the LCOE 
across countries: Cambodia has achieved the lowest costs in the region for solar 
PV (USD 26/MWh in 2021), while costs in the Philippines and Thailand remained 
high (USD 76/MWh and USD 69/MWh, respectively) in 2023. Costs for onshore 
wind auctions are even higher, with USD 100/MWh in the Philippines and 
USD 91/MWh in Thailand, which would make renewable hydrogen too expensive. 
In addition, renewable hydrogen assets are capital intensive, which makes a low 
cost of capital essential to achieve low costs. However, the cost of capital in 
Southeast Asia is currently at least twice that of advanced economies or China for 
renewable assets. 

Hydrogen status today 
Hydrogen demand in Southeast Asia reached 4 Mt in 2024, up from 3 Mt in 2012. 
The majority of demand is concentrated in four countries: Indonesia represents 
over a third of regional demand, followed by Malaysia (22%), Viet Nam (15%), and 
Singapore (12%). In terms of sectors, ammonia represents nearly half of the 
hydrogen demand, with nearly two-thirds of this coming from Indonesia. Demand 
for refining is driven by Singapore, with its three refineries with a total processing 
capacity of 1.4 mbpd (nearly six times its domestic oil demand). Methanol is only 
produced in three countries, with the largest production in Malaysia (Figure 7.3). 
Refining and ammonia demand have grown 25-45% in the past 10 years. There 
are three large plants for methanol, and there has been a step change in 
production since they entered operation in 2009. Infrastructure currently remains 
limited in Southeast Asia, other than 13 ammonia terminals. 

Nearly 80% of the demand was satisfied with hydrogen produced from natural gas 
and the rest was from industrial by-product. There is no production from coal in 
the region. The natural gas used for hydrogen production can represent a 

 
 

104 With an efficiency of 67% on a lower heating value basis. 

https://legacy.doe.gov.ph/re-developers
https://energynews.biz/doe-introduces-incentives-to-boost-hydrogen-investments-in-the-philippines/
https://doe.gov.ph/sites/default/files/pdf/announcements/rev%20Draft%20DC%20Hydrogen%20Energy%20Guidelines.pdf
https://abolawfirm.ph/salient-provisions-and-incentives-of-energy-efficiency-and-conservation-act-r-a-11285/
https://www.iea.org/reports/achieving-a-net-zero-electricity-sector-in-viet-nam
https://www.irena.org/Publications/2024/Sep/Renewable-Power-Generation-Costs-in-2023
https://www.iea.org/reports/southeast-asia-energy-outlook-2024
https://futurefuels.imo.org/wp-content/uploads/2024/03/WorldAmmoniaMap2024.pdf
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significant share of domestic gas demand. In Brunei, for example, this share is 
almost 30%, while in Viet Nam it is nearly 25%. These shares are smaller when 
expressed in terms of natural gas production for Brunei, Indonesia, Malaysia and 
Myanmar, since these countries export 25-75% of their gas production. At a 
regional level, hydrogen production represented about 8% of the gas supply in 
2024 and more than 1% of regional energy-related CO2 emissions105. As in the 
rest of the world, there is currently no hydrogen trade, but there is trade of 
hydrogen derivatives (see following sections on ammonia and methanol). 

Figure 7.3 Hydrogen demand by sector and country and natural gas demand for 
hydrogen production in Southeast Asia, 2024 

 
  IEA. CC BY 4.0. 

Notes: NG = natural gas. Chemicals include hydrogen demand for ammonia and methanol. Natural gas demand is based 
on 2022 numbers (last data point available from national statistics). There is lack of country-level data for the split of 
hydrogen production and industrial by-product, so the figure assumes all countries have the same split as the regional 
average (about 80% from natural gas reforming). 

Hydrogen demand in Southeast Asia was 4 Mt in 2024, of which 85% came from Indonesia, 
Malaysia, Viet Nam and Singapore. 

Hydrogen policy landscape 

Hydrogen strategies are in place, but concrete actions are 
needed as a follow-up 
Five Southeast Asian countries have now published a hydrogen strategy: 
Singapore (2022), Indonesia (2023), Malaysia (2023), Viet Nam (2024) and Lao 
PDR (2025). To date, none of the countries has a certification scheme in place or 
related GHG emissions thresholds and methodologies, but work towards this aim 

 
 

105 This includes direct emissions from hydrogen production and CO2 utilised in the synthesis of urea and methanol, the 
majority of which is later emitted. This excludes upstream and midstream emissions for fossil fuel supply. 
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https://www.mti.gov.sg/-/media/MTI/HPO/Singapore-Hydrogen-Strategy/ebrochure_HPO_Oct_26.pdf
https://ebtke.esdm.go.id/elibrary
https://www.mosti.gov.my/dasar/
https://thuvienphapluat.vn/van-ban/Tai-nguyen-Moi-truong/Quyet-dinh-165-QD-TTg-2024-Chien-luoc-phat-trien-nang-luong-hydrogen-Viet-Nam-den-2030-tam-nhin-2050-598438.aspx
https://climatecompatiblegrowth.com/wp-content/uploads/Report-Final-Draft_Signed-01-1.pdf
https://climatecompatiblegrowth.com/wp-content/uploads/Report-Final-Draft_Signed-01-1.pdf
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is underway in Indonesia, the Philippines and Thailand. Of the hydrogen-related 
COP initiatives, 5 countries (Brunei, Malaysia, the Philippines, Singapore and 
Thailand), representing 30% of the current regional renewable capacity, endorsed 
the target of tripling renewables by 2030. Three countries (Brunei, Malaysia and 
Singapore), accounting for 40% of the current regional hydrogen demand, signed 
the Declaration of Intent from COP 28 for mutual recognition of hydrogen 
certification schemes. Three countries (Indonesia, Malaysia and Singapore), 
accounting for 70% of the current regional hydrogen demand, signed the 
Hydrogen Declaration from COP 29. 

Singapore’s strategy covers imported hydrogen as a fuel for road transport, 
shipping, aviation and power generation. The strategy considers hydrogen as an 
alternative for decarbonising the power sector, which contributes to 40% of 
national emissions, and a solution to deal with the lack of domestic resources and 
land availability. The government estimates that hydrogen could meet up to 50% 
of electricity demand by 2050. In 2022, Singapore launched a request for 
proposals (RfP) for using ammonia in gas turbines of 55-65 MW, and for 0.1 Mtpa 
of ammonia bunkering. Two consortia were selected in 2024 and the lead 
developer is expected to be announced in 2025. In 2023, emission standards were 
introduced for new and repowered gas turbines, including readiness to use at least 
30% hydrogen (or alternative fuels) and the ability to be retrofitted to 100% 
hydrogen in the future. Since 2023, Singapore has launched two RfPs for three 
600-MW gas turbines starting operations between 2027 and 2030.106 Power 
generation from hydrogen is also included in the national finance taxonomy, where 
a threshold of 100 g CO2-equivalent/kWh is set for activities to be classified as 
contributing substantially to climate change mitigation. As implementation of the 
hydrogen strategy progresses and the strategy evolves, there is potential to 
include measures towards decarbonising the use of hydrogen as feedstock for 
refining, which is not currently addressed by the strategy, but is responsible for all 
existing use of hydrogen. Further updates to the strategy would also provide an 
opportunity to include specific indicators, targets, scenarios or preferred 
production routes, and the associated timeline.  

Indonesia’s strategy is based on three key pillars – decarbonisation, energy 
security and exports – with nine action areas including hubs, hydrogen use in mini-
grids and power generation, a carbon pricing scheme, and definition of a hydrogen 
certification scheme. The strategy estimates that domestic hydrogen demand 
could reach nearly 5 Mtpa by 2060 in a net zero emissions scenario, nearly equally 
distributed between transport and industry. Renewable electricity (including  
 
 

 
 

106 For reference, Singapore’s total installed capacity was in the order of 13 GW in 2023. 

https://aseanenergy.org/post/aseans-cops-energy-pledges-and-the-2026-2030-regional-energy-blueprint/
https://www.energy.gov/articles/cop28-countries-launch-declaration-intent-clean-hydrogen
https://cop29.az/en/pages/cop29-hydrogen-declaration
https://www.mpa.gov.sg/media-centre/details/singapore-launches-next-stage-of-selection-of-low--or-zero-carbon-ammonia-power-generation-and-bunkering-project-developer
https://www.mpa.gov.sg/media-centre/details/singapore-launches-next-stage-of-selection-of-low--or-zero-carbon-ammonia-power-generation-and-bunkering-project-developer
https://www.mpa.gov.sg/media-centre/details/ema-and-mpa-shortlist-two-consortia-to-further-study-viability-of-ammonia-for-power-generation-and-bunkering
https://www.ema.gov.sg/partnerships/consultations/2023/emission-standards-for-power-generation-units
https://www.ema.gov.sg/partnerships/calls-for-proposals/proposals/request-for-proposal-to-build-own-operate-new-generation-capacity
https://www.ema.gov.sg/partnerships/calls-for-proposals/proposals/request-for-proposal-to-build-own-operate-new-gen-capacity-2024
https://www.mas.gov.sg/-/media/mas-media-library/development/sustainable-finance/singaporeasia-taxonomy-updated.pdf
https://ebtke.esdm.go.id/elibrary
https://www.ema.gov.sg/resources/singapore-energy-statistics/chapter2
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geothermal), bioenergy, nuclear and fossil fuels with carbon capture, utilisation 
and storage (CCUS) are considered as potential energy sources for hydrogen 
production. 

Indonesia also published a hydrogen and ammonia roadmap in April 2025 as a 
follow-up to the strategy. The roadmap includes targets and action plans for 
hydrogen development across three stages, guided by the aims of the strategy. 
The specific targets are more ambitious than in the 2023 strategy but also reflect 
the uncertainty in hydrogen use. By 2060, demand (including for ammonia 
production) could reach 3.4-11.8 Mtpa, with the main uncertainty coming from the 
power and industry sectors. For the upper bound, demand in the power sector 
would represent 4 Mtpa, chemicals 2.6 Mtpa, light industry 1.9 Mtpa, steel 
1.8 Mtpa and fuel cell electric vehicles and ships 1 Mtpa. Hydrogen supply could 
reach 6.4-17.5 Mtpa by 2060, implying a potential export of 35-45% of production. 
Up to 15.5 Mtpa of that supply would come from electrolytic hydrogen, including 
5.1 Mtpa produced from hydropower, 1.85 Mtpa from biogas reforming with the 
rest produced from fossil fuels with CCUS. For ammonia, about 40% of the 
demand in 2060 would come from co-firing. As part of the roadmap, more than 
200 short-term actions were identified to support the development of the hydrogen 
sector in the initiation phase. These include studies to be carried out in 2025 and 
2026 that will inform policies to be adopted in the coming years. Work to develop 
a national certification scheme compatible with international standards is 
underway. 

Malaysia’s hydrogen roadmap includes two scenarios where hydrogen production 
reaches 7-15 Mtpa by 2050, driven by use as feedstock (2.3-5.6 Mtpa), for exports 
(3.2 Mtpa) and for industrial heat (0.5-1.3 Mtpa). Export opportunities are 
prioritised over the domestic market. Nearly half of the hydrogen is renewable 
hydrogen in 2050 in both scenarios, but prior to 2050 there is a greater reliance 
on hydrogen from fossil fuels with CCUS. The roadmap defines 79 targets across 
3 time horizons and 5 strategic areas, including a review of incentives for hydrogen 
technologies by 2026, development of low-emissions industrial clusters by 2027 
and the development of a certification scheme by 2035, as well as commissioning 
of an industrial-scale project by 2035. 

Viet Nam’s strategy includes a 0.1-0.5 Mtpa production target by 2030, from both 
renewable and fossil fuels with CCUS (in comparison to a current demand of 
0.6 Mtpa), with a vision of 10-20 Mtpa to 2050. Exports are foreseen as early as 
2030. The strategy defines seven broad action areas and actions for Ministries but 
does not specify indicators to track progress or timelines. 

Lao PDR defines four phases of hydrogen development in its roadmap: a pilot and 
research phase, followed by implementation, commercialisation and exporting 
phases. Targets for the commercialisation phase include USD 250 million in 

https://www.esdm.go.id/assets/media/content/content-peta-jalan-hidrogen-dan-amonia-nasional.pdf
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investment, 100% import replacement of urea, 15% co-firing in cement and 
100 MW of electrolyser capacity. The final phase includes targets of 8-9 GW of 
electrolysis across 9 hubs and 8 Mtpa of ammonia production. As a point of 
reference, Lao PDR had nearly 10 GW of renewables in 2023, with almost 99% of 
that capacity from hydropower. The roadmap defines 44 actions across 9 areas to 
achieve these targets, including tax incentives, credit guarantee schemes, public 
procurement, certification and knowledge exchange. 

Among other countries that do not currently have a hydrogen strategy, in 
November 2023, the Philippines published draft hydrogen guidelines for public 
consultation. The guidelines define several tax incentives107 being considered for 
renewable hydrogen, propose the establishment of a government committee that 
would develop a roadmap and oversee the implementation of the guidelines, and 
require companies to notify the government before engaging in any hydrogen 
activity. There is already a dedicated committee evaluating the possible policies 
that could be used for hydrogen deployment. Furthermore, the 2023-2050 Energy 
Plan delineated four areas of action in a strategic roadmap for hydrogen and its 
derivatives. This included the development of a hydrogen masterplan and a 
supporting national policy, legal and regulatory framework during 2023-2024. The 
roadmap and guidelines are still under development. In 2024, the Philippines also 
offered two areas to the north of Manila for exploration of natural hydrogen, where 
foreign entities can own 100% of the operations. There were five bidders in each 
area and contracts have been awarded. The contracts are expected to be awarded 
in 2025. The application process for two other areas is ongoing. 

Thailand has also undertaken some preparatory work for a hydrogen strategy; 
hydrogen is considered as an alternative technology that can contribute to the 
target of carbon neutrality by 2050, used for power generation and industrial heat. 
This could be achieved through blending in the natural gas network, which could 
begin in 2030 with a 5% blend. Thailand has defined four action areas: developing 
a robust market and incentives for early adopters, promoting domestic research 
capabilities, and developing infrastructure including pipelines and storage as well 
as a supportive regulatory framework and standards. In 2023, the Hydrogen Policy 
Working Group of Thailand was established in the Energy Policy and Planning 
Office, with the aim of defining a 2025-2050 plan for hydrogen development. The 
plan is expected to be approved in 2025, followed by specific policies and 
incentives. 

Some regional co-operation is being led by the ASEAN Centre for Energy, which 
is working on an ASEAN Low-Carbon Energy Technology Roadmap for hydrogen 
and ammonia. Hydrogen was also mentioned an area for enhanced collaboration 

 
 

107 Relating to income tax, corporate tax, value added tax and exemption from duties. There is no consideration of production 
tax credits. 

https://doe.gov.ph/sites/default/files/pdf/announcements/rev%20Draft%20DC%20Hydrogen%20Energy%20Guidelines.pdf
https://doe.gov.ph/sites/default/files/pdf/pep/PEP%202023-2050%20Vol.%20II.pdf
https://doe.gov.ph/sites/default/files/pdf/pep/PEP%202023-2050%20Vol.%20II.pdf
https://www.pna.gov.ph/articles/1219557
https://www.boi.go.th/upload/content/1_EPPO_KIATFUENGFOO%20Veerapat_Energy%20transition%20plan%20and%20policy.pdf
https://www.asiaeec-col.eccj.or.jp/wpdata/wp-content/uploads/ecap34-cn-measures-thailand.pdf
https://aseanenergy.org/post/final-validation-workshop-of-the-asean-low-carbon-energy-technologies-roadmap-alert-phase-i/
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in the last meeting of ASEAN Ministers of Energy (in September 2024). A key 
opportunity for future collaboration is in the next phase (2026-2030) of the ASEAN 
Action Plan for Energy Cooperation, which is under preparation and which could 
include specific targets and actions for hydrogen. Co-operation also takes place 
through the Asia Zero Emission Community (AZEC), an initiative started by Japan 
in 2023 to work together with Asian countries to promote decarbonisation. The 
areas for collaboration include development, demonstration and deployment of 
clean technologies including hydrogen, ammonia and CCUS. This initiative 
supported a Master Plan for Hydrogen and Ammonia in the Asian region and has 
led to the exploration of several hydrogen-related projects. 

State-owned enterprises 

State-owned enterprises provide an avenue to decarbonise 
current uses and spur growth of low-emissions hydrogen  
In Malaysia, the national oil and gas company, PETRONAS, owns most of the 
existing hydrogen production capacity and has launched a separate entity 
(Gentari) to pursue integration of sustainable energy solutions including hydrogen. 
Its strategy targets production from fossil fuels with CCUS in 2024-2025, and 
renewable hydrogen in 2025-2027, aiming to produce 1.2 Mtpa by 2030. 
PETRONAS has a proprietary PEM electrolyser and is pursuing hydrogen exports 
to Japan using liquid organic hydrogen carriers, as well as aiming to develop an 
ammonia plant from fossil fuels with CCUS in Sarawak. The company is also 
exploring exports by pipeline to Singapore and floating platforms for producing 
low-emissions ammonia. In addition, PETRONAS is involved in projects outside 
Malaysia, with the largest being a 5 Mtpa ammonia plant in India through a joint 
venture with AM Green. The national utility company, Tenaga Nasional Berhad, is 
developing a renewable hydrogen, methanol and ammonia hub in Terengganu, 
based on hydropower and floating solar PV. 

State-owned companies also play a role at the sub-national level in Malaysia. 
Sarawak Economic Development Corporation (SEDC) is a government-owned 
entity in charge of promoting emerging clean energy technologies. SEDC is one 
of the partners of the H2biscus project, which targets 850 ktpa of renewable 
ammonia production by 2028, and the H2ornbill project, which aims to export 
88 ktpa of renewable hydrogen to Japan from 2030. In 2024, SEDC also partnered 
with Gentari to launch a hydrogen hub in Sarawak, which aims to standardise 
projects and use a modular approach. 

In Indonesia, Pertamina has committed to a net zero emissions goal by 2060, 
aligned with the national goal. In 2021, it created a separate entity (Pertamina New 
and Renewable Energy [PNRE]), which includes hydrogen activities. It aims to 
produce 1 Mtpa of low-emissions hydrogen by 2030, 2 Mtpa by 2040 and 3 Mtpa 

https://asean.org/wp-content/uploads/2024/09/JMS-42nd-AMEM-Adopted.pdf
https://aseanenergy.org/post/aseans-cops-energy-pledges-and-the-2026-2030-regional-energy-blueprint/
https://www.meti.go.jp/policy/energy_environment/global_warming/azec/azec_en.html
https://www.meti.go.jp/policy/energy_environment/global_warming/azec/1st_leaders_meeting/1st_azec_lm_progressreport_en.pdf
https://www.petronas.com/integrated-report-2022/assets/pdf/PIR2022-PETRONAS-Energy-Transition-Strategy.pdf
https://www.petronas.com/flow/technology/hydrogen-game-changer
https://www.eog-asia.com/petronas-chemicals-sarawak-petchem-tie-up-for-low-carbon-ammonia-urea-project-in-malaysia/
https://www.petronas.com/media/media-releases/petronas-strengthens-its-position-future-growth-amid-global-energy-shifts
https://www.investmentmonitor.ai/news/petronas-to-invest-1-6-billion-in-green-ammonia-project-india/?cf-view
https://www.tnb.com.my/assets/press_releases/20250712_14_eng.pdf
https://sedc.com.my/energy/
https://www.samsungena.com/en/newsroom/news/view?idx=15543
https://www.sumitomocorp.com/en/jp/news/topics/2023/group/20231218
https://www.gentari.com/insight/premier-launches-sarawak-h2-hub-pioneering-hydrogen-initiative-propel-states-clean-energy-ambitions
https://sustainability.pertamina.com/en-US/Sustainability-Commitment/Net-Zero-Emission-Commitment/
https://pertaminanre.com/assets/company-profile.pdf
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by 2060, requiring a cumulative investment of USD 45-50 billion. The company 
already has 17 projects under development with a total capacity of 1.8 Mtpa by 
2040, and targets exports starting in 2027. Several Pertamina subsidiaries are 
working together to produce hydrogen from geothermal energy, targeting 300 t/d 
of production at several sites. PNRE also established a collaboration with Genvia 
(a French company developing a solid oxide electrolyser) and is exploring natural 
hydrogen. In addition, Pertamina has partnerships with downstream users like 
Toyota, Hyundai and Tokyo Electric Power Company (which aims to import from 
Indonesia). 

The state-owned electricity utility in Indonesia, PT PLN, is also involved in several 
hydrogen initiatives. In October 2023, PT PLN inaugurated a renewable hydrogen 
pilot plant (51 tpa) in Indonesia. In February 2024, it opened Indonesia’s first 
hydrogen refuelling station in Jakarta. In May 2024, PT PLN and Singapore’s 
Sembcorp Utilities signed a joint development study agreement to explore a green 
hydrogen and ammonia project in Indonesia. In September 2024, PLN adapted an 
existing geothermal power plant to produce hydrogen. In April 2025, PT PLN 
signed a joint study agreement with the Ministry of Transportation, PT HDF Energy 
Indonesia and PT ASDP Indonesia Ferry to conduct a study on the use of green 
hydrogen for the decarbonisation of the maritime transportation sector. PT PLN is 
also collaborating with ACWA Power to develop a 150 ktpa renewable ammonia 
plant, with FID expected by the end of 2025. 

In Thailand, PTT Public Company Limited, the state-owned oil and gas company, 
has set targets to achieve net zero emissions by 2050. Its strategy focuses on 
integrating renewable energy across its operations and deploying emission 
reduction technologies. Hydrogen plays a central role in this approach, with plans 
to blend hydrogen with natural gas at a 5% ratio in the power sector by 2030. In 
2024, PTT and the Hydrogen Thailand Association submitted nine hydrogen pilot 
projects to the government, which have been integrated into the national energy 
action plans. PTT has announced plans to develop a 1.2 Mtpa ammonia plant (see 
Low-emissions ammonia). 

In Brunei and Viet Nam, the national oil companies BSP and PetroVietnam have 
committed to achieving net zero emissions by 2050, aligned with their respective 
national climate goals. PetroVietnam has also begun piloting projects in renewable 
hydrogen, renewable ammonia and CCUS as part of its broader transition 
strategy. 

https://business-indonesia.org/news/pertamina-subsidiaries-collaborate-to-develop-green-hydrogen-and-ammonia
https://indonesiabusinesspost.com/2401/investment-and-risk/pertamina-geothermal-energy-explores-massive-production-of-green-hydrogen
https://www.thinkgeoenergy.com/pertamina-explores-integration-of-geothermal-with-green-hydrogen-production/
https://energynews.biz/pt-pertamina-hulu-energi-explores-geologic-hydrogen/
https://energynews.biz/pt-pertamina-hulu-energi-explores-geologic-hydrogen/
https://www.pertamina.com/en/news-room/news-release/pertamina-and-toyota-join-forces-to-develop-hydrogen-ecosystem-for-transportation-from-upstream-to-downstream
https://www.mobilityplaza.org/news/38663
https://www.tepco.co.jp/en/hd/newsroom/press/archives/2023/20231215_02.html
https://web.pln.co.id/media/siaran-pers/2023/10/operasikan-green-hydrogen-plant-pertama-di-indonesia-begini-inovasi-yang-dilakukan-pln
https://fuelcellsworks.com/news/first-in-indonesia-pln-opens-countrys-first-h2-refuelling-station-in-jakarta
https://fuelcellsworks.com/news/first-in-indonesia-pln-opens-countrys-first-h2-refuelling-station-in-jakarta
https://www.offshore-energy.biz/sembcorp-and-pt-pln-move-forward-with-green-hydrogen-project-in-indonesia/
https://web.pln.co.id/cms/media/siaran-pers/2024/09/pltp-kamojang-pembangkit-geothermal-pln-pertama-di-asia-tenggara-penghasil-green-hydrogen/
https://indonesiabusinesspost.com/4134/corporate-affairs/pln-to-conduct-joint-study-on-hydrogen-development-for-maritime-transportation
https://www.acwapower.com/news/acwa-power-signs-deal-to-develop-the-largest-green-hydrogen-project-in-indonesia
https://www.pttplc.com/en/Sustainability/Sustainabilitygovernance/Sustainabilitystrategy.aspx?
https://www.pttplc.com/en/Sustainability/Environment/Climatechangemanagement.aspx?
https://www.acwapower.com/news/acwa-power-ptt-public-company-limited-and-electricity-generating-authority-of-thailand-set-to-support-thailands-decarbonisation-aspiration-in-green-hydrogen-and-derivatives-development-project/
https://www.bsp.com.bn/main/about-bsp/environment#/environment
https://www.pvn.vn/sites/en/Pages/detail.aspx?NewsID=ac4a044f-b0a5-4e73-b64b-036ae43a363a
https://www.pvn.vn/sites/en/Pages/detail.aspx?NewsID=3bb1fe3b-758c-4255-9b5a-a31985d7000b
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Opportunities in hydrogen production 

Pipeline of low-emissions hydrogen projects 

Pipeline is highly concentrated in Indonesia and Malaysia and 
needs to mature 
There are 25 projects under development in Southeast Asia, adding up to almost 
480 ktpa of hydrogen production by 2030 (Figure 7.4). Almost half of these 
projects involve a state-owned enterprise and 40% of the projects target exports. 
More than 90% of the capacity in the pipeline is in Indonesia and Malaysia. Just 
two projects account for nearly half108 of this production: a nuclear plant with 1 GW 
of electricity output in Indonesia producing ammonia from 180 ktpa of hydrogen, 
targeting commercial operation by 2028109 and a 150 ktpa plant using hydropower 
to produce ammonia in Malaysia and starting operations of the first phase in 2028. 
All the low-emissions hydrogen production to 2030 is expected to come from 
electrolytic hydrogen. The pipeline to 2030 does not have projects larger than 
1 GW of electrolysis, and nearly 40% of the projects have an electrolyser smaller 
than 300 MW. Of all the capacity in the pipeline, 6% (27 ktpa) has reached FID, 
with 24 ktpa coming from a single project, the Tra Vinh project in Viet Nam, which 
uses 500 MW of wind and 100 MW of solar PV to feed a 240 MW electrolyser to 
produce 182.5 ktpa of ammonia. The project started construction in 2023 and is 
expected to start operations in 2027. The 6% of capacity to have reached FID is 
lower than the global average, but higher than in other developing regions such 
as Latin America and Africa, although the pipeline for those regions is much larger. 

Such a highly concentrated pipeline may reduce the potential for experimentation 
with different configurations, users and stakeholders. Relying on a few large 
projects makes execution more complex, with a bigger risk of missing the starting 
dates if unexpected events arise. The pipeline is currently lacking mature projects 
at the scale of 50-250 MW that could serve as a stepping stone for the giga-scale 
projects. While there are several such projects, they will not be ready to come 
online in the next few years. 

The outlook is different when considering the full project pipeline including projects 
beyond 2030, which comprises 47 projects adding up to 5.7 Mtpa of production 
capacity. Seventeen projects, adding up to 5.2 Mtpa of production capacity, are 
still at the concept stage, without an announced date for starting operations and  
 

 
 

108 It is assumed that projects take a few years to reach full capacity. The 150 ktpa capacity for the project in Malaysia 
corresponds to several phases and only the first phase is considered for 2030. 
109 This timeline may be difficult to meet given that Indonesia does not have any operating nuclear capacity and first-of-a-
kind projects can experience delays. 

https://www.nucnet.org/news/danish-companies-sign-agreement-for-usd4-billion-thorium-smr-in-borneo-5-1-2023
https://www.samsungena.com/en/newsroom/news/view?idx=15543
https://www.renewableenergyworld.com/energy-business/energy-finance/mou-signed-to-power-hydrogen-ammonia-production-with-hydropower/
https://fuelcellsworks.com/news/samsung-engineering-commences-sarawak-h2biscus-green-hydrogen-ammonia-feed-project-in-malaysia?mc_cid=497ac2b657&mc_eid=da4624d261
https://vepg.vn/wp-content/uploads/2024/05/5_EN_Green-Solutions_-20240522-TGS-and-Tra-Vinh-GH2-Project-rv.pdf
https://thegreensolutions.vn/tgs-commences-construction-on-tra-vinh-green-hydrogen-manufacturing-plant
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therefore highly speculative. The extended pipeline is dominated by electrolysis 
(with only three projects from fossil fuels with CCUS), and almost two-thirds are 
mega projects of more than 1 GW of electrolysis. 

Figure 7.4 Breakdown of announced low-emissions hydrogen projects in Southeast 
Asia, 2030 

 
IEA. CC BY 4.0. 

Notes: FID+ = projects with a final investment decision, including those under construction. Only projects with a disclosed 
start year are included. 

Announced low-emissions hydrogen projects in Southeast Asia total 12% of current 
regional hydrogen demand, but only 6% of announced capacity has reached FID. 

Hydrogen production from renewables 
Domestically produced renewable hydrogen offers an opportunity to take 
advantage of the region’s vast renewable potential while decreasing reliance on 
imports. Notably, the region currently produces the majority of its hydrogen from 
natural gas and may transition from being a net gas exporter to a net gas importer 
in 2025, meaning it would need to either rely on natural gas imports or imports of 
hydrogen derivatives to satisfy growing hydrogen demand in the future. The 
opportunities associated with renewable hydrogen production could also extend 
to decreasing imports of hydrogen derivatives.  

Deployment of renewables for hydrogen production would need to be balanced 
against aims to prioritise displacement of fossil fuels in the power sector, where 
renewable electricity has a larger mitigation effect. 

Southeast Asia has a solar PV potential of more than 1 800 TWh, of which 93% 
has a capacity factor of more than 18% (Figure 7.5).110 More than half of this 

 
 

110 Considering horizontal single-axis tracking. 
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potential is in Indonesia, with the largest share having a capacity factor in the 
range of 18-20%. Indonesia, Myanmar and Cambodia represent more than 80% 
of the regional potential. Potential in these three countries exceeds current 
electricity demand by a factor of 2, 13 and 12, respectively. For the rest of the 
region, solar PV potential is below current demand. Almost 60% of the region’s 
potential would have an LCOE below USD 50/MWh, assuming an average capital 
expenditure (CAPEX) of USD 950/kW and a weighted average cost of capital 
(WACC) of 6-8.5%.111 

Figure 7.5 Constrained technical potential for solar PV and onshore wind by 
Southeast Asia country 

 
IEA. CC BY 4.0. 

Notes: Resources are grouped by capacity factor with clusters of 2% for solar PV (Tier 1 is more than 26% and Tier 7 is 
less than 16%) and 5% for onshore wind (Tier 1 is more than 40% and Tier 7 is less than 15%). Potential is constrained by 
land exclusion zones, so not all the land is available for variable renewables. Solar PV with horizontal single-axis tracking. 
Weather data from 2018. This only looks at the supply perspective and does not include, for example, potential grid 
integration issues that renewables could face once assets are constructed (since that would vary over time and requires 
broader power modelling). 
Source: IEA analysis based on data from Jülich Systems Analysis at Forschungszentrum Jülich using the ETHOS model 
suite. 

Southeast Asia has a solar PV potential of more than 1 800 TWh and a more restricted 
onshore wind potential of 110 TWh with a capacity factor higher than 25%. 

For onshore wind, the potential is much lower than for solar PV given that the 
resource quality is poorer. The total potential is nearly 1 200 TWh. However, less 
than 10% of such potential has a capacity factor higher than 25%. This potential 
with a high capacity factor is more evenly distributed, with five countries having 
more than 10% of the potential. This wind potential could cover at most 45% of  
 
 

 
 

111 Current CAPEX based on IRENA (2024), NREL (2020), IEA (2024), BNEF (2023), OECD (2024). Current WACC based 
on IEA (2023), IRENA (2024). Values are for 2030 assuming deployment following stated policies. 
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https://www.fz-juelich.de/de/ice/ice-2/leistungen/model-services
https://www.fz-juelich.de/de/ice/ice-2/leistungen/model-services
https://www.irena.org/Publications/2024/Sep/Renewable-Power-Generation-Costs-in-2023
https://www.nrel.gov/docs/fy19osti/71814.pdf
https://iea.blob.core.windows.net/assets/522afcb9-097c-440a-909c-c1fd5f2cdfca/AchievinganetzeroelectricitysectorinVietNam.pdf
https://assets.bbhub.io/professional/sites/24/20231020_Vietnam-TCF-report-with-factsheets-EN.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2024/06/clean-energy-finance-and-investment-roadmap-of-thailand_6cd03ab0/d0cd6ffc-en.pdf
https://iea.blob.core.windows.net/assets/057bafda-0c09-40fe-934c-4f2fe5e080f4/ASEANRenewables_InvestmentOpportunitiesandChallenges.pdf
https://www.irena.org/Publications/2024/Sep/Renewable-Power-Generation-Costs-in-2023


Global Hydrogen Review 2025 Chapter 7: Southeast Asia in focus 
 

PAGE | 245  IE
A.

 C
C 

BY
 4

.0
. 

current electricity demand in Lao PDR, and a lower share in other countries. With 
an average CAPEX of USD 1 900/kW and the same WACC of 6-8.5%, just over 
20% (corresponding to 25 TWh/yr) would have an LCOE below USD 75/MWh. 

Similarly, the offshore wind potential in Southeast Asia is relatively poor. The 
Philippines and Viet Nam are the only countries in the region that have more some 
potential with a capacity factor higher than 35%. As a point of comparison, the 
existing capacity in Viet Nam has an average capacity factor of just 37%. Viet Nam 
has 365 TWh of potential above this threshold, while the Philippines has 25 TWh. 
One of the main challenges is the cost: CAPEX estimates for offshore wind in 
Viet Nam in 2023 were nearly USD 3 700/kW. This could be reduced by 10-30% 
by 2030 (depending on deployment), but it would remain relatively expensive to 
be competitive for hydrogen production. To become competitive, both the high 
CAPEX and the high cost of capital would need to be addressed. For electricity, 
Viet Nam targets a capacity expansion to 6 GW by 2030 (compared to 1.1 GW in 
2023). 

There are also opportunities in renewables beyond solar PV and onshore wind. 
For example, Lao PDR already has almost 10 GW of hydropower capacity and 
has an estimated potential of 26 GW. Lao PDR plans to export part of this potential 
via cross-border transmission lines to China, Cambodia, Malaysia, Thailand and 
Viet Nam. Renewable hydrogen could be an alternative to tap into new markets 
with a different risk profile, and access markets that are further away than would 
be economically feasible to cover with cables. In 2023, Indonesia accounted for 
nearly one-sixth of global geothermal generation, and has a total technical 
potential of more than 2 000 GW112 (for a depth of 5 000 metres). 

For renewable hydrogen, the main factors determining the cost are the electricity 
cost and the investment for the electrolyser, while the carbon price and the gas 
price influence its competitiveness with gas-based routes. Southeast Asia has 
relatively high capacity factors for solar PV (less so for onshore wind), and the 
main cost barrier is the high WACC. This affects not only hydrogen production but 
also renewables for electricity, since both are capital-intensive assets (Figure 7.6). 
For example, Viet Nam, where most of the region’s renewable deployment is 
today, had a WACC of 6-7% (in real terms) for solar PV and onshore wind in 2023. 
Similarly, Indonesia, which has the largest total generation in the region, had a 
WACC of 5-8% for the same year. In contrast, China, which is the largest 
renewables market in the world, had a WACC of 3% in 2023.  

 

 
 

112 For a hydrothermal system installed at a depth of up to 5 000 metres and a LCOE threshold of USD 200/MWh. Potential 
could increase by another 1 650 GW if enhanced geothermal systems are considered. 

https://www.iea.org/data-and-statistics/data-tools/renewable-energy-progress-tracker
https://iea.blob.core.windows.net/assets/522afcb9-097c-440a-909c-c1fd5f2cdfca/AchievinganetzeroelectricitysectorinVietNam.pdf
https://xaydungchinhsach.chinhphu.vn/toan-van-quy-hoach-phat-trien-dien-luc-quoc-gia-11923051616315244.htm
https://www.aseanbriefing.com/news/laos-hydropower-sector-opportunities-for-foreign-investors
https://hobomaps.com/LaosTransmissionExportLinesMap.html
https://www.megaproject.com/news/powerplant/laos-signs-1-45bn-deal-for-1-8gw-project-with-china-western-power
https://www.tourismlaos.org/2024/06/05/laos-singapore-cambodia-unite-to-facilitate-cross-border-electricity-trade/
https://www.unescap.org/sites/default/d8files/event-documents/Laos-Thailand-Malaysia-Singapore%20Power%20Integration%20Project_Malaysia.pdf
https://www.internationalrivers.org/news/placing-the-interests-of-the-public-and-planet-at-the-center-of-thailands-power-development-plan-2024/
https://hobomaps.com/LaosHydroExportsVietnam.html
https://www.iea.org/reports/the-future-of-geothermal-energy
https://www.iea.org/reports/cost-of-capital-observatory
https://www.irena.org/Publications/2024/Sep/Renewable-Power-Generation-Costs-in-2023
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Figure 7.6 Levelised cost of hydrogen production in Southeast Asian countries, 2023 

 
IEA. CC BY 4.0. 

Notes: RES = Renewables; ELY = Electrolyser; CAPEX = Capital expenditure; OPEX = Operational expenditure; WACC = 
Weighted Average Cost of Capital; SMR = Steam methane reforming; CCUS = Carbon capture, utilisation and storage. 
WACC premium is shown in comparison to China, as a major renewable market in the Asia region, with a 3% WACC. 
Hydrogen production is based purely on solar PV since it constitutes the largest share of renewable potential. Brunei and 
Singapore are excluded given their limited domestic renewable potential. Solar PV capacity is assumed to be three times 
larger than the electrolyser. 
Sources: IEA analysis based on IEA (2024), Achieving a Net Zero Electricity Sector in Viet Nam; ICL and IEA (2023), 
ASEAN Renewables: Opportunities and challenges; IRENA (2024), Renewable Power Generation Costs in 2023; NREL 
(2020), Exploring Renewable Energy Opportunities. 

Cost of capital is a major cost driver, increasing the levelised cost of hydrogen production 
by 45-55% in comparison to a case where cost of capital is 3%. 

Renewable potential and cost can be combined to estimate supply cost curves. 
This considers the geographical variability of resource quality and the increase in 
production cost as the sites with the highest capacity factors are used. This also 
allows for the application of an economic criterion to constrain the technical 
potential and therefore be closer to what could be used in reality. In a future where 
technology deployment follows the current policies in force and cost of capital in 
the region remains as it is today, Southeast Asia could have nearly 11 Mtpa of 
renewable hydrogen potential below a production cost of USD 6/kg H2 by 2030 
(Figure 7.7). This does not mean that such production will be achieved by 2030, 
rather it represents an upper bound. Indonesia accounts for almost 60% of this 
potential, followed by Cambodia and Thailand with 13% and 10% respectively. In 
comparison to current hydrogen demand, the potential supply in Indonesia, 
Philippines, Thailand, Viet Nam at this cost level would be higher than demand. 
With these cost assumptions, no hydrogen could be produced at a cost lower than 
USD 4.5/kg H2. 
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https://www.iea.org/reports/achieving-a-net-zero-electricity-sector-in-viet-nam
https://iea.blob.core.windows.net/assets/057bafda-0c09-40fe-934c-4f2fe5e080f4/ASEANRenewables_InvestmentOpportunitiesandChallenges.pdf
https://www.irena.org/Publications/2024/Sep/Renewable-Power-Generation-Costs-in-2023
https://www.nrel.gov/docs/fy19osti/71814.pdf
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Figure 7.7 Supply cost curves for renewable hydrogen in Southeast Asian countries, 
2030 

 
IEA. CC BY 4.0. 

Notes: Based on cost optimal configurations based on solar PV and onshore wind. Potential shown in the figure is 
restricted to 25% of the technical renewable potential. Cost evolution to 2030 based on technology deployment in the 
Stated Policies Scenario (STEPS). 
Source: IEA analysis based on data from Jülich Systems Analysis at Forschungszentrum Jülich using the ETHOS model 
suite. 

Southeast Asian countries could have nearly 11 Mtpa of hydrogen potential at a production 
cost below USD 6/kg by 2030. 

More than 90% of the renewable hydrogen that can be produced below 
USD 5.5/kg H2 is in Indonesia, concentrated in Java, Kalimantan, Sumatra and 
Sulawesi (Figure 7.8). The bulk of the potential comes from solar PV and those 
regions benefit from the highest solar irradiation in Southeast Asia. The supply 
cost curves are relatively flat (Figure 7.7), so some potential is available at a 
relatively small cost premium. At USD 6/kg H2, more than 0.5 Mtpa of potential is 
unlocked in each of the following countries Cambodia, Myanmar and the 
Philippines. 
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Figure 7.8 Hydrogen production cost from hybrid solar PV and onshore wind in 
Southeast Asian countries, 2030 

 
IEA. CC BY 4.0. 

Notes: Based on cost optimal configurations based on solar PV and onshore wind. Potential shown in the figure is 
restricted to 25% of the technical renewable potential. Cost evolution to 2030 based on technology deployment in the 
Stated Policies Scenario (STEPS). 
Source: IEA analysis based on data from Jülich Systems Analysis at Forschungszentrum Jülich using the ETHOS model 
suite. 

More than 90% of the renewable hydrogen that can be produced below USD 5.5/kg H2 is in 
Indonesia concentrated in Java, Kalimantan, Sumatra and Sulawesi. 

Hydrogen production from nuclear power 

There is renewed interest in nuclear in Southeast Asia, but 
hydrogen production is not currently a key consideration  
There is no nuclear capacity in Southeast Asia today, but interest in nuclear 
energy is resurging across the region, driven by energy security concerns, 
decarbonisation targets, energy demand growth and technological advances. 
Notably, small modular reactors (SMRs) are gaining attention due to their  
 

https://www.fz-juelich.de/de/ice/ice-2/leistungen/model-services
https://www.fz-juelich.de/de/ice/ice-2/leistungen/model-services
https://www.iseas.edu.sg/articles-commentaries/trends-in-southeast-asia/nuclear-energy-developments-in-southeast-asia/
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advantages compared to large-scale reactors, including lower investment costs, 
enhanced safety features, flexible generation possibilities and reduced grid 
disruption. 

Indonesia, which has maintained a regulatory framework and research capacity 
since the late 1990s, is now accelerating efforts to develop its first nuclear power 
plant. The country’s most recent electricity supply plan (2025-2034) targets two 
250-MW reactors by 2032, and its net zero roadmap envisages 9 GW of nuclear 
capacity by 2060. 

The Philippines is actively reassessing nuclear energy’s role in its power mix. It 
remains the only country in the region to have built a nuclear power plant, the 
Bataan plant, completed in the 1980s but never commissioned. The government 
has since explored both the rehabilitation of this facility and the development of 
new capacity, targeting 4.8 GW of nuclear by 2050. 

Malaysia shut down its nuclear programme in 2018, but started re-exploring it in 
2022 with a view to incorporating nuclear in its energy mix after 2035. 

Thailand has included SMRs in its long-term energy outlook and is taking steps 
to reinitiate planning for civilian nuclear power, including a regulatory review of the 
relevant legal frameworks that began in December 2024. 

Singapore is building up technical and institutional capabilities to support long-
term decision-making, including workforce development in nuclear science and 
engineering. 

The 8th ASEAN energy outlook (from 2024) estimates that nuclear could meet 
0.2-2% of regional electricity demand in 2050. However, despite growing interest, 
nuclear deployment in the region still faces challenges and previous waves of 
interest have not led to real-world investment. For example, Indonesia had 
earmarked USD 8 billion to reach 6 GW of operating capacity by 2025, but 
cancelled those plans in 2015. In 2006, Viet Nam defined targets of 2 GW of 
nuclear capacity by 2020 increasing to 8 GW by 2025, and in 2009 approved the 
construction of two 2 GW plants, but in 2016 plans were indefinitely postponed. 
Public acceptance across the region varies, and is lower than for other clean 
technologies. None of the Southeast Asian countries endorsed the COP 28 
declaration aim of tripling nuclear energy capacity globally by 2050. While regional 
co-ordination on nuclear governance, safety standards and infrastructure 
development is gradually growing (through bodies including the ASEAN Sub 
Sector Network on Nuclear Energy and ASEAN Network of Regulatory Bodies on 
Atomic Energy), ASEAN has not yet developed shared frameworks on nuclear 
energy, which may exacerbate cross-border sensitivities. Public acceptance is  
 

https://world-nuclear.org/information-library/country-profiles/countries-g-n/nuclear-power-in-indonesia
https://jdih.bapeten.go.id/unggah/dokumen/peraturan/377-full.pdf
https://www.reuters.com/business/energy/indonesia-talks-with-us-russia-nuclear-power-technology-2024-11-29
https://gatrik.esdm.go.id/assets/uploads/download_index/files/b967d-ruptl-pln-2025-2034-pub-.pdf
https://indonesiabusinesspost.com/4509/energy-and-resources/indonesia-poised-to-launch-nuclear-power-plants-by-2030s-expert
https://indonesiabusinesspost.com/4509/energy-and-resources/indonesia-poised-to-launch-nuclear-power-plants-by-2030s-expert
https://world-nuclear.org/information-library/country-profiles/countries-o-s/philippines
https://aseanenergy.org/post/waking-up-the-sleeping-giant-what-should-the-philippines-do-for-bataan-npp-revival-plan/
https://www.reuters.com/business/energy/duterte-approves-inclusion-nuclear-power-philippine-energy-mix-2022-03-03/
https://www.straitstimes.com/asia/se-asia/malaysia-readies-itself-for-nuclear-power-after-2035
https://www.iaea.org/newscenter/pressreleases/iaea-reviews-progress-of-the-philippines-nuclear-infrastructure-development
https://aseanenergy.org/wp-content/uploads/2024/09/8th-ASEAN-Energy-Outlook.pdf
https://assets.publishing.service.gov.uk/media/57a08be640f0b64974000e66/TI_UP_HD_Oct2007_National_Energy_Policy_Indonesia.pdf
https://www.enerdata.net/publications/daily-energy-news/indonesia-cancels-nuclear-plans-until-least-2050.html
https://sgp.fas.org/crs/nuke/R43433.pdf
https://world-nuclear.org/information-library/country-profiles/countries-t-z/vietnam
https://policy.asiapacificenergy.org/sites/default/files/Resolution%20No.%2041:2009:QH12%20approving%20the%20investment%20in%20Ninh%20Thuan%20Nuclear%20Power%20Project.pdf
https://chinhphu.vn/default.aspx?pageid=27160&docid=187749
https://www.iseas.edu.sg/articles-commentaries/southeast-asia-climate-outlook/southeast-asia-climate-outlook-2024-survey-report/
https://www.energy.gov/articles/cop28-countries-launch-declaration-triple-nuclear-energy-capacity-2050-recognizing-key
https://www.energy.gov/articles/cop28-countries-launch-declaration-triple-nuclear-energy-capacity-2050-recognizing-key
https://aseanenergy.org/post/14th-nuclear-energy-cooperation-sub-sector-network-nec-ssn-meeting-and-its-associated-meeting/
https://aseanenergy.org/post/14th-nuclear-energy-cooperation-sub-sector-network-nec-ssn-meeting-and-its-associated-meeting/
https://seapublicpolicy.org/wp-content/uploads/2025/05/Framing-a-Nuclear-Powered-Future-for-ASEAN-May-2025.pdf
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therefore not only a domestic issue but also a regional one. Furthermore, there 
are no international regulations related to governance and deployment of SMRs.  

Hydrogen has not been a key consideration of nuclear development plans, and 
nuclear remains a relatively expensive electricity source for hydrogen production. 
If Southeast Asian countries were to reach the capital costs observed in China 
(USD 2 500/kW), which are nearly 45% lower than in the European Union, the 
cost of electricity alone would be equivalent to USD 2.8-4.5/kg H2. This is without 
considering the CAPEX for the electrolyser. nuclear is a capital-intensive 
technology, so reducing the cost of capital will be critical.  

Hydrogen production from natural gas 

Hydrogen production from natural gas with carbon capture is 
cheap but could lead to higher reliance on gas imports 
Hydrogen production from natural gas has two main advantages: a lower cost than 
renewable hydrogen, and the possibility to use existing assets by adding a carbon 
capture unit. Nearly 80% of the hydrogen demand in Southeast Asia is currently 
satisfied with hydrogen produced from natural gas, and many of these production 
assets are relatively young. For a greenfield design, which allows the optimal 
integration of the reforming and capture units, adding a carbon capture unit with a 
90% capture rate to a steam methane reformer can result in almost 80% higher 
capital cost and 33% higher operating cost. For a retrofitted plant, costs are likely 
to be higher, and operational downtime is required for installation. Despite this 
cost premium, production from natural gas with carbon capture is still less than 
half the cost of the cheapest renewable hydrogen in Southeast Asia (Figure 7.6). 

There are significant efforts on CCUS infrastructure, policy and regulation in the 
region. Indonesia and Malaysia113 are the frontrunners planning to become 
regional CO2 storage hubs114, and both countries already have legislation in place 
covering permitting, storage, liabilities, hubs, among other aspects, as well as tax 
incentives. Thailand has tax incentives in place and together with the Philippines 
has several oil and gas legislations that could be adapted to regulate CCUS. 
Meanwhile, efforts in Viet Nam are mostly focused on R&D, while Singapore is 
planning to develop a 2.5 Mtpa CO2 storage hub by 2030. Six countries (Brunei, 
Indonesia, Malaysia, the Philippines, Thailand and Viet Nam) have performed an 
initial assessment of CO2 storage potential, with an estimated 220 Gt of storage 
potential with around 98% of this potential in saline formations. This would be 
enough to store over 100 years of CO2 emissions at current levels. There might 

 
 

113 In March 2025, Malaysia passed the CCUS Bill, which covers Peninsular Malaysia, while Sarawak has its own legislation, 
the Land (Carbon Storage) Rules from 2022. 
114 Malaysia is planning to develop three CCUS hubs by 2030 with a total storage capacity of 15 Mtpa. 

https://www.iea.org/reports/the-path-to-a-new-era-for-nuclear-energy
https://publications.ieaghg.org/technicalreports/2017-02%20Techno%20-%20Economic%20Evaluation%20of%20SMR%20Based%20Standalone%20(Merchant)%20Hydrogen%20Plant%20with%20CCS.pdf
https://faolex.fao.org/docs/pdf/ins227636.pdf
https://seads.adb.org/articles/indonesia-malaysia-seek-become-regional-carbon-storage-hubs
https://www.aseanenergy.org/wp-content/uploads/2024/09/Report-CCS-Deployment-Framework-and-Roadmap.pdf
https://belanjawan.mof.gov.my/pdf/belanjawan2023/ucapan/ub23-BI.pdf
https://belanjawan.mof.gov.my/pdf/belanjawan2023/ucapan/ub23-BI.pdf
https://www.prnewswire.com/news-releases/thailand-boi-approves-measures-to-support-carbon-reduction-301370144.html
https://legacy.doe.gov.ph/sites/default/files/pdf/downstream_natgas/ra_387.pdf
https://www.shell.com.sg/business/carbon-capture-storage/s-hub.html
https://www.eria.org/uploads/Comprehensive-CCUS-Research-Report.pdf
https://www.parlimen.gov.my/files/billindex/pdf/2025/DR/DR%2010-BM.pdf
https://lawnet.sarawak.gov.my/lawnet_file/Subsidiary/SUB_Issue%20No.%2084%20L.N.%20349%20Land%20Carbon%20Storage.pdf
https://www.ocbc.com/iwov-resources/sg/ocbc/gbc/pdf/sustainability/ccus%20in%20asean%20-%20viable%20solution%20or%20distant%20goal_may%202025.pdf
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also be an opportunity to create economies of scale with carbon capture on 
existing coal plants. Indonesia, Malaysia and Viet Nam have low-emissions 
hydrogen production from natural gas in the long-term production mix (see Policy 
landscape), highlighting an opportunity to close the gap between what is being 
done today and future expectations. 

There is extensive regional collaboration on developing CCUS. At the regional 
level, the CCS Deployment Framework and Roadmap, which is recognised by 
local governments, defines actions across three phases (until 2050) with five 
strategies to address CCUS challenges and accelerate the readiness level of 
associated technologies. These comprise enhancing economic viability, reducing 
lead times, derisking deployment, innovation, and cross-border CO2 transport. 
Governments in the region also recognise the importance of facilitating cross-
border CCUS projects. Malaysia has at least 24 Memoranda of Understanding 
(MoUs) with 9 countries including Japan, Korea and Singapore. Indonesia also 
has multiple MoUs, including with Japan and Singapore. Collaboration between 
ASEAN countries and Japan is also taking place under the Asia Zero Emissions 
Community (AZEC). 

There are, however, some challenges to be considered. In 2024, Southeast Asia 
exported 15% of the nearly 175 bcm of gas it produced, but under today’s policy 
settings, the region could become a net importer by 2025. Additional gas demand 
for hydrogen production would therefore rely on additional gas imports. Another 
challenge is the time associated with building infrastructure and storage capacity 
and finalising the regulatory framework, which means it will take time for CCUS 
deployment to make a meaningful contribution to low-emissions hydrogen 
production. 

In terms of project pipelines, there are 14 carbon capture projects in the region 
with a total CO2 capacity of more than 12 Mtpa. Two of these projects (one in 
Malaysia and one in Indonesia) are under construction, for which the period from 
announcement to operation is expected to last at least 6-8 years. The first CCUS 
project is expected to start by the end of 2025. There are also three hydrogen-
related projects in early stages of development in Indonesia.115 Out of 47 low-
emissions hydrogen projects in the pipeline, just 3 are for production from natural 
gas with CCUS, none of which have a commercial operating date before 2030. 

Opportunities in hydrogen demand sectors 
The main opportunities to use low-emissions hydrogen in Southeast Asia lie in the 
existing hydrogen applications. Ammonia, in particular, offers the possibility to 
reduce emissions from current hydrogen uses and displace imports, enhancing 

 
 

115 1.4 Mtpa in the Balikpapan Refinery, an ammonia plant in Banggai, an ammonia plant in Sumatra-Java. 

https://www.aseanenergy.org/wp-content/uploads/2024/09/Report-CCS-Deployment-Framework-and-Roadmap.pdf
https://cil.nus.edu.sg/wp-content/uploads/2024/01/2023-41st-AMEM-JMS-1.pdf
https://asean.org/wp-content/uploads/2024/09/JMS-42nd-AMEM-Adopted.pdf
https://www.jogmec.go.jp/content/300391673.pdf
https://www.jogmec.go.jp/content/300391673.pdf
https://www.climatechangenews.com/2025/03/20/carbon-colonialism-malaysia-and-indonesia-plan-storage-hubs-for-asian-emissions/
https://www.climatechangenews.com/2025/03/20/carbon-colonialism-malaysia-and-indonesia-plan-storage-hubs-for-asian-emissions/
https://www.mofa.go.jp/s_sa/sea2/my/pageite_000001_00001.html
https://www.mofa.go.kr/eng/brd/m_5674/view.do?seq=321094
https://www.allenandgledhill.com/sg/publication/articles/30516/and-to-cooperate-on-cross-border-carbon-capture-and-storage
https://indonesia.incorp.asia/blogs/carbon-capture-and-storage/
https://www.esdm.go.id/id/media-center/arsip-berita/indonesia-singapura-sepakat-bangun-kawasan-industri-berkelanjutan
https://aseanenergy.org/wp-content/uploads/2025/02/ASEAN-CCS-Updates-2025-Volume-1.pdf
https://aseanenergy.org/wp-content/uploads/2025/02/ASEAN-CCS-Updates-2025-Volume-1.pdf
https://www.iea.org/data-and-statistics/data-product/ccus-projects-database
https://jpt.spe.org/mcdermott-scoops-kasawari-ccs-transport-and-install-work
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energy security. Thus far, there have been limited policy incentives across the 
region to decarbonise industrial applications, and more public support is needed 
to promote a fuel shift. Demand for both existing and new hydrogen applications 
is largely concentrated, meaning there is an opportunity to make a large impact 
by focusing on a few sites. 

Low-emissions ammonia 

Indonesia, Malaysia and Viet Nam have a large demand today 
while Thailand could displace ammonia imports 
In 2023, ammonia represented nearly half of regional hydrogen demand, providing 
a natural starting point for low-emissions production. Southeast Asia produced 
11.1 Mtpa of ammonia, while demand reached 9.5 Mtpa. Almost all ammonia 
production relies on fossil fuels, and a third of the production capacity has been in 
operation for less than 10 years. The largest surplus is in Indonesia, which 
produced 7.1 Mtpa across 5 plants and exported a quarter of its production. The 
next largest markets are Malaysia and Viet Nam, producing 1.8 Mtpa and 
1.6 Mtpa, respectively. Malaysia exports a quarter of its production, while 
Viet Nam needs additional imports to satisfy 8% of its demand (Figure 7.9). 
Contrastingly, Thailand, Singapore and the Philippines do not have any domestic 
ammonia production, and all of their demand is met by imports. 

Figure 7.9 Ammonia production, demand and trade by Southeast Asian country, 
2023 

 
IEA. CC BY 4.0. 

Source: IEA analysis based on data from the International Fertilizer Association. 

The largest Southeast Asian markets are close to being self-sufficient or are exporters, 
while the smaller markets are fully dependent on imports. 
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https://www.thai-german-cooperation.info/wp-content/uploads/2024/06/Ammonia-market-study-report_final-version.pdf
https://www.petromindo.com/news/article/analysis-pupuk-indonesia-s-clean-strategy-towards-blue-and-green-ammonia
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Among importers, Thailand has the greatest opportunity for domestic low-
emissions ammonia production, since the Thai market is large enough to provide 
economies of scale. The nearly 340 ktpa of ammonia demand in Thailand would 
be equivalent to a project with an electrolyser size of 650 MW.116 This would be 
enough to achieve economies of scale and low production costs. Today, there is 
no electrolyser capacity in the project pipeline to 2030 in Thailand. Beyond that, 
there is one Memorandum of Understanding (MoU) between ACWA Power (a 
leading developer), PTT (Thailand’s national integrated energy company) and the 
Electricity Generating Authority of Thailand (a state-owned power utility) signed in 
2022 for a 1.2 Mtpa ammonia plant with a total investment need of USD 7 billion, 
though there have been no updates since then. Ammonia is mostly used by the 
fertiliser industry; about 45% of fertiliser demand is met with nitrogen-based 
fertilisers. 

In Thailand, the main barrier to producing renewable ammonia domestically is the 
cost of capital. Ammonia has a relatively low transport cost, meaning that it is 
cheaper to produce renewable ammonia in places with high capacity factors for 
renewables and a low cost of capital, even if transport is then required, than it is 
to produce it domestically in locations that do not benefit from these enabling 
factors. For example, shipping ammonia over 5 000 km (a representative import 
distance from Australia) would imply a cost penalty of about USD 25 per tonne of 
ammonia (t/NH3). This is equivalent to about 0.35 percentage points of WACC. In 
2023, the real (after tax) WACC in Thailand was 6.6% for solar PV, compared to 
4.3% in Australia. This means that it would be cheaper to import ammonia from 
Australia than to produce it domestically. However, this needs to be weighed 
against other criteria like reducing import dependency and enhancing food 
security, economic activity or job creation, which might still justify domestic 
production. 

Looking more broadly at trade of nitrogen-based fertilisers117 in Southeast Asia, 
the bulk of trade is intra-regional (Figure 7.10). In 2023, about 45% of the exports 
were for intra-regional trade, almost one-fifth is exported to Australia and 10% to 
both India and Mexico. With regards to imports, a third of the trade is intra-regional, 
followed by imports from China, which make up nearly a quarter, and from Saudi 
Arabia, with 17%. Thailand has the largest net imports in the region, and it also 
has the most diversified supply, though 90% of its imports come from six countries. 
About 60% of the fertiliser demand in Thailand is satisfied with nitrogen-based 
compounds. In terms of value, in 2023, the regional imports were equivalent to 
USD 2.5 billion, while exports reached USD 1.7 billion. As a point of reference, the 
global market for fertiliser trade was nearly USD 100 billion in 2023. 

 
 

116 Assuming an electrolyser efficiency of 60% on lower heating value basis and 5000 operating hours a year. 
117 Ammonia, urea, ammonium nitrate, calcium ammonium nitrate, urea ammonium nitrate. 

https://www.acwapower.com/news/acwa-power-ptt-public-company-limited-and-electricity-generating-authority-of-thailand-set-to-support-thailands-decarbonisation-aspiration-in-green-hydrogen-and-derivatives-development-project/
https://acwapower.com/media/342175/acwa-power-integrated-annual-report-2023-en.pdf
https://www.krungsri.com/en/research/industry/industry-outlook/chemicals/chemical-fertilizers/io/io-chemical-fertilizers-2023-2025
https://www.irena.org/Publications/2024/Sep/Renewable-Power-Generation-Costs-in-2023
https://www.ifastat.org/databases/plant-nutrition
https://oec.world/en/profile/hs/fertilizers
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Figure 7.10 Main trading partners for nitrogen-based fertilisers in Southeast Asia, 
2023 

 
IEA. CC BY 4.0. 

Notes: SEA = Southeast Asia; ROW = Rest of world. Based on HS Code 3102 (Mineral or chemical nitrogenous fertilisers). 
Source: IEA analysis based on COMTRADE. 

Most of exports of nitrogen-based fertilisers remain within the region, while China is the 
largest source of imports from outside Southeast Asia. 

Low-emissions methanol 

Low-emissions methanol could displace imports in Indonesia 
and Thailand and offer export opportunities for Malaysia 
Today, methanol represents about 20% of regional hydrogen demand. Southeast 
Asia produced nearly 4.2 Mtpa of methanol in 2024, equivalent to 3.5% of global 
production, and demand reached 4.3 Mtpa, making the region a net importer. Half 
of the region’s methanol production capacity came online after 2018. Malaysia 
represents over two thirds of the regional production. Until 2024, the market had 
been dominated by a Malaysian state-owned enterprise, Petronas Chemicals, 
which had two plants in Labuan with a combined installed capacity of 2.4 Mtpa, 
and a 70 ktpa plant in Kedah. The largest plants are relatively old, at 41 years for 
the 0.75 Mtpa plant in Labuan, 26 years for the small plant in Kedah, and 16 years 
for the largest plant in Labuan. In 2024, another state-owned enterprise, Sarawak 
Petchem, started a 1.75 Mtpa plant in Bintulu, following 5 years of construction. 
Petronas Chemicals has not defined a specific decarbonisation strategy and 
follows the targets defined by its parent company (see State-owned enterprises). 
It is not directly involved in any renewable methanol projects. Sarawak Petchem’s 
decarbonisation plans are aligned with those of the regional government, which 
target 15 GW of renewable energy by 2035 (vs a current total capacity of 5.7 GW, 
of which 3.4 GW are from hydropower). This could both meet regional demand, 
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https://comtradeplus.un.org/TradeFlow
https://www.petronas.com/pcg/sites/pcg/files/download/methanol-brochure.pdf
https://www.scribd.com/document/441573568/Petronas-Chemicals-Methanol-Labuan-Sdn-Bhd
https://www.argusmedia.com/ja/news-and-insights/latest-market-news/2058742-petronas-maintains-labuan-methanol-shutdown
https://www.petronas.com/pcg/about-us/milestones
https://www.sarawaktribune.com/20000mt-of-sarawak-methanol-en-route-to-china/#:%7E:text=The%20company%20owns%20and%20operates,tonnes%20per%20annum%20of%20methanol.
https://premier.sarawak.gov.my/web/subpage/speeches_view/65
https://mut.sarawak.gov.my/web/subpage/news_view/703
https://www.tnb.com.my/assets/newsclip/24022025d.pdf
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and create export opportunities, such as to Singapore. Hydrogen derivatives – 
including methanol – could also form part of the exports. In early 2025, the 
company trialled shipping 20 kt of methanol to China and started constructing a 
pilot plant in Bintulu, with a view to using methanol as a shipping fuel in the 
Japanese market. 

Indonesia is the region’s second-largest methanol producer, with about 660 ktpa 
in a single plant operated by a private company (PT Kaltim Methanol Industri). A 
state-owned enterprise (PT Pupuk Indonesia) has plans to develop two other 
methanol plants by 2030 using production from unabated natural gas. 

Satisfying methanol demand with domestic production can be resource intensive. 
For example, meeting 25% of the current demand with renewable methanol would 
require about 2.2 GW of electrolysis and 1.5 Mtpa of CO2. Meanwhile, the entire 
solar PV generation capacity in Malaysia in 2024 was 2.3 GW, and 1.5 Mtpa of 
CO2 is roughly double the energy-related emissions from Indonesia, the country 
with the largest emissions in the region. As methanol demand increases, 
consideration of the resource needs is expected to become only more important. 

Figure 7.11 Methanol production, demand and trade by Southeast Asian country, 2024 

 

 
Notes: Brunei is not shown in the figure on the left because trade is expressed as a share of ammonia demand and nearly 
all of its production is exported (i.e. there is hardly any demand). 
Source: IEA analysis based on Argus Methanol Analytics, Argus Media Group, All rights reserved,. 

Southeast Asia is a net methanol importer, driven by demand in Indonesia, Thailand and 
Singapore, while Malaysia and Brunei are heavily export oriented. 

There are big differences between countries in terms of methanol imports 
(Figure 7.11). Indonesia represents a third of regional demand and meets over 
60% of that demand with imports. Malaysia only uses about 40% of its production 
for the domestic market and the rest is exported, while Brunei exports nearly all 
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https://reccessary.com/en/news/sarawak-initiates-formal-talks-indonesia-undersea-cable-electricity-export
https://dayakdaily.com/sarawak-petchem-sails-away-20000-metric-tonnes-methanol-export-to-china/
https://www.mida.gov.my/mida-news/sarawak-sets-sights-on-green-methanol/
https://www.thestar.com.my/business/business-news/2025/01/20/sarawak-sets-sights-on-green-methanol#goog_rewarded
https://www.sustainable-carbon.org/the-future-of-methanol-from-coal-downstreaming-in-indonesia/
https://www.pupuk-indonesia.com/uploads/doc/PI_COMPRO_VIT_050722.pdf
https://indonesiabusinesspost.com/2898/investment-and-risk/pupuk-indonesia-plans-to-build-two-methanol-plants-by-2030
https://indonesiabusinesspost.com/2898/investment-and-risk/pupuk-indonesia-plans-to-build-two-methanol-plants-by-2030
https://direct.argusmedia.com/
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its production. Other countries in Southeast Asia with sizeable demand are the 
Philippines, Singapore, Thailand, Viet Nam, which are entirely reliant on imports. 
Of these, only Thailand has demand large enough today to provide economies of 
scale with enough domestic renewable potential. 

Refining 

Existing policies do not address decarbonising refineries, 
creating an opening for measures targeting fuel shifting 
Hydrogen demand from refining in Southeast Asia was 1.3 Mtpa in 2024. The 
region holds nearly 5.5 Mbpd of refining capacity, equivalent to 5% of global 
refining capacity, across 30 refineries, with a throughput of 3.9 Mbpd in 2024. 
Singapore alone has nearly 30% of the regional capacity in just 3 refineries.118 
Singapore, Indonesia and Thailand together account for almost 70% of the 
regional capacity. The refineries in Indonesia are operated by the national oil 
company (Pertamina), while those in Singapore are a mix of joint ventures and 
operation by foreign companies. The refineries in Indonesia and Thailand mostly 
serve their domestic markets, whereas Singapore exports most of its refining 
output with a large share used for international bunkering. 

In Singapore, refining represents about one-fifth of national CO2 emissions from 
fuel combustion. The country’s 2022 hydrogen strategy did not specify actions to 
decarbonise use in refineries, and none of the eight renewable hydrogen projects 
in Singapore are in refineries. The industrial sector is covered by the carbon tax 
which is USD 19/t CO2-eq in 2025 increasing to USD 35/t CO2 in 2026. However, 
this alone would not be enough to cover the cost premium of using (imported) 
renewable hydrogen. The industrial policies in place target energy efficiency, and 
do not yet promote steps towards fuel shifting. CCUS is part of the industrial 
decarbonisation strategy, and there are efforts to capture 2.5 Mtpa of CO2 by 
2030, but given that Singapore has limited storage capacity, the CO2 would 
potentially be exported to other countries. The pace at which this infrastructure 
can be built might be a constraint in early years of development, meaning that 
other emission sources might be given a higher priority to use this limited capacity, 
ahead of refining. None of the refineries’ operators have public decarbonisation 
plans. 

In Indonesia, existing industrial policies focus on energy efficiency and there are 
no policies to promote fuel shifting as yet. In 2023, Indonesia launched an ETS, 
initially covering coal power generation. In 2025, the government announced plans  
 

 
 

118 ExxonMobil’s two operating sites (one in Jurong and one in Pulau Ayer Chawan), which are connected by pipelines and 
have operated as an integrated asset since Exxon and Mobil merged in 1999, are counted as one refinery.  

https://www.pertamina.com/en/refinery
https://www.eria.org/uploads/media/Research-Project-Report/RPR-2022-09/08_Chapter-1-Rising-Oil-Import-Dependency-and-Oil-Stockpiling-in-ASEAN.pdf
https://www.eria.org/uploads/media/Research-Project-Report/RPR-2022-09/08_Chapter-1-Rising-Oil-Import-Dependency-and-Oil-Stockpiling-in-ASEAN.pdf
https://file.go.gov.sg/carbon-capture-utilisation-and-storage-decarbonisation-pathway-for-singapore-energy-and-chemical-sectors-pdf.pdf
https://www.nea.gov.sg/our-services/climate-change-energy-efficiency/climate-change/carbon-tax
https://www.nccs.gov.sg/singapores-climate-action/mitigation-efforts/industry/
https://www.nccs.gov.sg/singapores-climate-action/mitigation-efforts/industry/
https://corporate.exxonmobil.com/locations/singapore/singapore-updates/news-releases/03012024_exxonmobil-and-shell-selected-to-work-with-the-govt-of-singapore-on-a-ccs-value-chain
https://corporate.exxonmobil.com/locations/singapore/singapore-updates/news-releases/03012024_exxonmobil-and-shell-selected-to-work-with-the-govt-of-singapore-on-a-ccs-value-chain
https://unfccc.int/sites/default/files/resource/SingaporeLongtermlowemissionsdevelopmentstrategy.pdf
https://www.globalccsinstitute.com/wp-content/uploads/2024/10/2024-GSR_20241015.pdf
https://icapcarbonaction.com/en/news/indonesia-launches-emissions-trading-system-power-generation-sector
https://corporate.exxonmobil.com/locations/singapore/our-operations
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to expand coverage to selected industrial sectors by 2027, but this did not include 
refining. Furthermore, the average price in the secondary market in 2023 was less 
than USD 5/t CO2. 

Looking to the future, there is uncertainty about oil demand; the size of any 
reduction will depend on the level of electric vehicle penetration across transport 
modes and the extent of oil use as a chemical feedstock. For example, in a 
scenario following stated policies, oil demand could increase by 30% by 2050. In 
contrast, in a scenario achieving carbon neutrality by 2050, oil demand would be 
slashed by nearly 70% over the same time horizon. 

Steel 

H2-direct reduced iron could satisfy part of expected regional 
demand growth and displace imports in some countries 
Crude steel production in Southeast Asia was over 51 Mt in 2023, which is less 
than 3% of the global total. With demand for 82 Mt, the region is currently a net 
steel importer. Indonesia and Viet Nam represented 70% of regional production, 
and in both countries, over two-thirds of the steel is produced via the primary route 
of blast furnaces (Figure 7.12). In Indonesia, the remaining 30% is produced with 
electric arc furnaces (EAF), while in Viet Nam almost 20% of the production comes 
from open hearth furnaces. The blast furnaces in both Indonesia and Viet Nam 
are relatively young, with an average lifetime of just 6-7 years. 

The rapid economic growth of the region is expected to result in increased steel 
demand, which will require either the construction of new steel plants or increased 
reliance on imports. This means that production from existing assets will gradually 
represent a smaller share of the total. Secondary production, using scrap steel, is 
constrained by the availability of scrap. This could provide an opportunity for 
hydrogen-based direct reduced iron (H2-DRI) to satisfy part of the expected 
demand growth. However, looking beyond Southeast Asia, part of this growth 
could be satisfied using excess capacity in China, where over half of the current 
global production is located – and where demand is expected to shrink over time. 
Another opportunity could arise from the use of hydrogen blending in existing blast 
furnaces, but that only results in partial decarbonisation, as blast furnaces cannot 
be entirely switched to pure hydrogen. Indonesia is already exploring the use of 
hydrogen for decarbonisation of the steel industry. 

Malaysia and Thailand are the region’s other steel producers, with 25% market 
share. Malaysia is the only Southeast Asian country that has some existing DRI 
capacity using natural gas (0.7 Mtpa, representing about 10% of production) at  
 
 

https://www.enerdata.net/publications/daily-energy-news/indonesia-carbon-trading-sectors.html
https://icapcarbonaction.com/en/ets/indonesian-economic-value-carbon-nilai-ekonomi-karbon-trading-scheme
https://icapcarbonaction.com/en/ets/indonesian-economic-value-carbon-nilai-ekonomi-karbon-trading-scheme
https://www.iea.org/reports/southeast-asia-energy-outlook-2024
https://worldsteel.org/data/annual-production-steel-data/?ind=P1_crude_steel_total_pub/CHN/IND
https://www.oecd.org/en/publications/hydrogen-in-steel_7e2edc69-en.html
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two locations (Kemaman and Labuan). Production has halved since 2013 but it 
could more than quadruple once a 2.5 Mtpa plant currently under construction 
starts operations in 2027. Thailand and the other countries with smaller amounts 
of production capacity are predominantly scrap-based EAF systems, and H2-DRI 
would not displace EAF, rather, it could provide low-emissions iron that can be 
used along with scrap in EAFs, potentially reducing reliance on imported scrap or 
finished steel. A 2 Mtpa DRI plant is planned to start operations in Thailand in 
2027. The plant will initially use up to 25% renewable hydrogen, with plans to ramp 
up to 100% renewable hydrogen use and export of certified low-emissions steel 
in the future. 

Figure 7.12 Technology mix, production and demand in steel-producing countries in 
Southeast Asia, 2023 

 
IEA. CC BY 4.0. 

Notes: BF = Blast Furnace; BOF = Basic Oxygen Furnace; DRI = Direct reduced iron; EAF = Electric Arc Furnace; 
OHF = Open Hearth Furnace. 
Sources: IEA analysis based on OECD steel capacity and World Steel Association. 

All Southeast Asian countries except Malaysia are net steel importers, with an opportunity 
for H2-DRI to help to close the trade deficit. 

Southeast Asia is a net steel importer, but the national shares of imports are very 
different. For the largest producers, import shares are relatively small, at about 
10% for Indonesia and 15% for Viet Nam. Thailand, which has a market of similar 
size to Indonesia, meets only 30% of its demand with domestic production from 
EAF. The smaller markets, Myanmar, the Philippines and Singapore, all rely on 
import shares of more than 75% to meet demand. These countries would need to 
move up in the value chain and start producing iron in addition to steel. As a point 
of reference, 1 GW of electrolysis, which might be enough to achieve economies  
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https://themalaysianreserve.com/2024/01/20/malaysia-steel-industry-research-report-2023-2032-challenges-ahead-overcapacity-green-transformation-and-financing/
https://www.midrex.com/wp-content/uploads/MidrexSTATSBook2023.Final_.pdf
https://www.thestar.com.my/business/business-news/2025/02/28/sabah-inks-rm1bil-gas-supply-deal-to-boost-green-steel-industry
https://www.merantisteel.com/project-meranti-green-steel
https://www.merantigreensteel.com/our-green-steel#dri
https://www.oecd-ilibrary.org/science-and-technology/data/oecd-statistics-on-measuring-globalisation/steelmaking-capacity-by-economy_2ae1e9c7-en
https://worldsteel.org/data/annual-production-steel-data/?ind=C_asu_fsp_pub/CHN/IND
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of scale with low CAPEX, would be enough to produce about 1.5 Mtpa of steel119. 
Myanmar and Singapore would need two of these plants to satisfy their entire 
demand; the Philippines would need seven and Thailand twelve. 

Southeast Asia is also a net iron ore importer. Regional iron ore production was 
nearly 15 Mtpa in 2023, which means nearly three-quarters of the primary steel 
production in the region is reliant on iron ore imports, although this differs by 
country. Iron ore production in Viet Nam has decreased by over 75% since 2019, 
meaning that nearly 90% of the primary steel production relied on imports in 2023. 
Among steel-producing countries, Malaysia has the largest iron production, with 
4.8 Mtpa in 2023, but still needs to import iron ore. The region’s largest iron ore 
exporter is Lao PDR, which has no domestic iron and steel production, but 
produced nearly 4.5 Mtpa of iron ore in 2023. Iron ore production in Lao PDR 
expanded by nearly ten times in just 4 years (from 2019 to 2023), driven by 
government incentives like tax breaks, lease incentives and faster approval 
processes, which aim to increase revenues from the mining sector to address 
inflation and improve the fiscal deficit. The exports have not been used to improve 
the regional imbalance – instead, nearly all go to China. 

Southeast Asia holds iron ore reserves of more than 5 Gt, which corresponds to 
about 3% of the global reserves. Indonesia alone has 2.9 Gt and two regions 
(Sulawesi and Sumatra) hold nearly two-thirds of the national reserves. About 45% 
of the reserves are in the form of laterite (which can also be found in the 
Philippines), which also contains nickel. Laterites have a lower iron grade, 
meaning they require upgrading,120 but their nickel content could be useful for 
producing stainless steel (which represents about 3% of global steel production) 
or other nickel-containing alloys. Most of the reserves have an iron content of less 
than 60%, which is lower than the 67% needed for H2-DRI. One solution to deal 
with the lower iron content is beneficiation, a process to remove impurities, which 
is necessary to improve the quality but also adds a cost penalty.121 Other solutions 
include the use of fluidised bed technology (which could avoid the need to use 
pellets), and an additional smelting unit to remove impurities via slag production. 
Viet Nam holds another 1.3 Gt of reserves, with half of them located in two sites: 
Thach Khe-Ha Tinh (544 Mt with average iron content of 58%) and Quy Xa 
(121 Mt with an average iron content of 52%). Thailand, which could benefit from 
H2-DRI production, has limited iron ore reserves and limited iron ore production 
today, meaning that import dependence could, at most, switch from finished steel 
to iron ore. 

 
 

119 Assuming 5 000 operating hours a year and an electrolyser efficiency of 60% (based on lower heating value). 
120 Other disadvantages are high humidity (making drying necessary), and possible need for additional physical separation. 
121 The beneficiation premium can be about USD 7-8/t for every percentage point of increase in iron content. 

https://www.usgs.gov/centers/national-minerals-information-center/iron-ore-statistics-and-information
https://northernminer.com/news/pdac-jv-video-laos-tax-breaks-boost-mining-investment-laos-shenker-exec-says/1003876944/
https://www.cbd.int/financial/fiscalenviron/lao-fiscal.pdf
https://www.mekongeye.com/2024/06/24/laos-mining-scheme
https://www.mekongeye.com/2024/06/24/laos-mining-scheme
https://oec.world/en/profile/bilateral-product/iron-ore/reporter/lao
https://pubs.usgs.gov/periodicals/mcs2024/mcs2024-iron-ore.pdf
https://www.esdm.go.id/assets/media/content/content-peluang-investasi-besi-indonesia.pdf
https://download.garuda.kemdikbud.go.id/article.php?article=739070&val=11652&title=THE+CURRENT+STATUS+OF+IRON+MINERALS+IN+INDONESIA
https://download.garuda.kemdikbud.go.id/article.php?article=739070&val=11652&title=THE+CURRENT+STATUS+OF+IRON+MINERALS+IN+INDONESIA
https://www.mpiuk.com/downloads/industry-papers/EESC21-Paper-04-H2-use-for-DRI-RI-Birley-Materials-Processing-Institute.pdf
https://ieefa.org/sites/default/files/2022-08/Solving%20Iron%20Ore%20Quality%20Issues%20for%20Low-Carbon%20Steel_0.pdf
https://www.mdpi.com/1996-1944/15/7/2687
https://ieefa.org/sites/default/files/2022-08/Solving%20Iron%20Ore%20Quality%20Issues%20for%20Low-Carbon%20Steel_0.pdf
https://senvangdata.com.vn/tong-quan-ve-quang-sat-tai-viet-nam.html
https://epo13.pcd.go.th/th/news/detail/9556
https://blackiron.com/project-overview/
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Shipping 

Significant regional demand is covered by ongoing 
decarbonisation efforts, largely driven by international policy 
Shipping demand in Southeast Asia was about 2.5 EJ in 2024, equivalent to 13% 
of the total final energy consumption in the region. More than 85% of the total 
demand from international shipping is based in Singapore, while Indonesia leads 
the consumption for domestic shipping, with 55% of the demand dedicated to this 
use. The Port of Singapore is by far the port with the largest demand for bunkering 
fuel in the region – or indeed the world – with nearly six times the demand of the 
world’s second-largest (Port of Rotterdam). It accounts for nearly a sixth of the fuel 
consumption for global shipping. The combustion emissions from the fuel 
bunkered at the Port of Singapore are more than 2.5 times larger than the 
country’s national emissions. In the short term, hydrogen derivatives are too 
expensive for mass adoption in shipping, so biofuels provide an alternative for 
decarbonisation while these technologies scale up. In the longer term, as low-cost 
biomass supply decreases, hydrogen derivatives could complement biofuels to 
achieve higher shares of decarbonisation. 

The emissions from international shipping do not fall under national jurisdiction 
and are overseen by the International Maritime Organization (IMO), which adopted 
a strategy for the reduction of GHG emissions in 2023. Following this, the Net-
Zero Framework approved in 2025 gradually introduces an emission intensity 
standard and a GHG pricing mechanism (see Chapter 2 for more details), which 
will provide an incentive for (near-)zero emissions fuels and close part of the cost 
gap with fossil fuels. This framework should be in place by 2027, but the system 
to reward the use of zero-emission fuels has not yet been defined. Similarly, the 
full methodology for the IMO lifecycle emission guidelines and default factors are 
still to be finalised. IMO measures are technology agnostic, which introduces an 
uncertainty for stakeholders that may affect commitments for infrastructure, fuel 
supply and ship orders.  

The Port of Singapore consumed 55 Mt of fuel in 2024 with over 190 000 vessel 
calls. The port pursues a multi-fuel strategy, using methanol in the next few years, 
ammonia to come online between 2027 and 2030 and hydrogen in the longer term. 
If the port pursues a similar target to the IMO (5-10% of alternative fuels by 2030), 
this fuel demand would be equivalent to 3% and 5% of global ammonia and 
methanol demand, respectively. However, at the global level, vessels using 
alternative fuels remain limited (see Chapter 2 for details). The port has recently 
performed tests for methanol bunkering, with 1 600 tonnes of methanol bunkered 
in 2024 and a technical standard for bunkering released in 2025, followed by a call 
for methanol suppliers. This attracted over 45 responses, with a final selection 
expected before the end of 2025 and fuel delivery from 2027. For ammonia, a trial 

https://www.mpa.gov.sg/who-we-are/newsroom-resources/research-and-statistics
https://www.portofrotterdam.com/en/sea-shipping/bunkering-in-rotterdam
https://www.mpa.gov.sg/media-centre/details/strong-growth-momentum-for-maritime-singapore
https://unfccc.int/sites/default/files/resource/Singapore%20NID%202024.pdf
https://www.imo.org/en/OurWork/Environment/Pages/2023-IMO-Strategy-on-Reduction-of-GHG-Emissions-from-Ships.aspx
https://www.imo.org/en/MediaCentre/PressBriefings/pages/IMO-approves-netzero-regulations.aspx
https://www.imo.org/en/MediaCentre/PressBriefings/pages/IMO-approves-netzero-regulations.aspx
https://www.imo.org/en/OurWork/Environment/Pages/Mid--and-long-term-GHG-reduction-measures.aspx
https://wwwcdn.imo.org/localresources/en/KnowledgeCentre/IndexofIMOResolutions/MEPCDocuments/MEPC.391(81).pdf
https://www.shipuniverse.com/top-20-ports-for-bunkering-in-2025-cost-and-efficiency/
https://www.mpa.gov.sg/docs/mpalibraries/mpa-documents-files/stratpol/port-statistics/vessel-arrivals-(-75gt)-and-shipping-tonnage-by-type96e3fad3-11c7-4857-8a6f-ba2a91f6b99e.xls?Status=Master&sfvrsn=15ac3ea5_5
https://www.mpa.gov.sg/docs/mpalibraries/mpa-documents-files/stratpol/port-statistics/vessel-arrivals-(-75gt)-and-shipping-tonnage-by-type96e3fad3-11c7-4857-8a6f-ba2a91f6b99e.xls?Status=Master&sfvrsn=15ac3ea5_5
https://unctad.org/system/files/non-official-document/cimem7-2024-ppt12minervalim_en.pdf
https://www.singaporepsa.com/2024/05/27/singapore-is-ready-for-methanol-bunkering-for-container-vessels-at-tuas-port-with-first-successful-simultaneous-methanol-bunkering-and-cargo-operation/
https://www.mpa.gov.sg/docs/mpalibraries/mpa-documents-files/stratpol/port-statistics/bunker-salese64051ec-6da2-4e6a-a943-4835174488e6.xls?Status=Master&sfvrsn=394ecec1_5
https://www.mpa.gov.sg/media-centre/details/singapore-launches-new-standard-on-methanol-bunkering--paves-way-for-maritime-industry-s-transition-to-sustainable-alternative-fuels
https://www.mpa.gov.sg/media-centre/details/singapore-opens-applications-for-methanol-bunkering-licence
https://www.mpa.gov.sg/media-centre/details/world-s-first-use-of-ammonia-as-a-marine-fuel-in-a-dual-fuelled-ammonia-powered-vessel-in-the-port-of-singapore
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was held in 2024 with a dual-fuel combustion engine, the technical standard for 
bunkering should be ready by 2025, and five consortia have been pre-selected for 
bunkering supply. The port currently has limited ammonia storage capacity, but 
the ongoing RfP (see Policy landscape) includes storage within the scope of the 
tender. Singapore is involved in 6 Green and Digital Shipping Corridors122 to 
develop supply of zero-emission fuels between large ports, with the aim of 
ensuring supplies of alternative fuels and providing a common platform involving 
financing institutions. Other areas of the port’s strategy to promote the use of zero-
emission fuels are demand creation, financing, talent and skill development, and 
international collaboration. Demand aggregation is also being targeted for small 
volumes from several stakeholders (which will have a limited impact on total 
operating costs for shipping companies) that when cumulated can justify large-
scale supply contracts. Some legal challenges arise due to competition, but 
initiatives such as the Zero Emission Maritime Buyers Alliance could help to 
address these. Singapore also launched the Maritime Singapore Green Initiative 
in 2011 to promote green shipping. In 2024, this initiative was expanded to 
promote the uptake of alternative fuels through port dues concessions,123 which 
will be in place from 2025 to 2027, with the level of incentives dependent on the 
type of fuel. 

Aviation 

Synthetic fuel supply to a handful of airports could make a big 
difference in decarbonising a burgeoning market 
Energy demand for aviation in Southeast Asia was nearly 670 PJ/yr in 2022. This 
is 6% of the global energy demand for aviation, which is similar to the 5% share 
the region has over the total energy demand. However, there are large 
discrepancies between countries; Singapore alone accounts for about a third of 
regional demand. When considering demand per capita, Singapore has nearly 
four times the demand of the United States and eight times the demand of 
Germany. Malaysia and Thailand, which represent almost a sixth of the regional 
population, align with the global average (Figure 7.13). All the other Southeast 
Asian countries, with a population of almost 580 million (equivalent to the 
population of the European Union and Japan combined) have demand that is well 
below the global average, and much lower than in advanced economies. If the 
entire population of Southeast Asia (i.e. 9% of the global population) were to reach 
a similar energy consumption per capita for aviation to Germany, the energy 
demand would be about 3 200 PJ/yr, or nearly a quarter of global energy demand 

 
 

122 Involving Australia, China (Shandong and Tianjin), Japan, the Netherlands (Rotterdam) and the United States (Los 
Angeles). Collaboration with the United Kingdom is through a public-private partnership and has not yet been formalised as 
a corridor. 
123 Initial registration fees, annual tonnage taxes and port fees paid for docking at the port. 

https://www.mpa.gov.sg/media-centre/details/world-s-first-use-of-ammonia-as-a-marine-fuel-in-a-dual-fuelled-ammonia-powered-vessel-in-the-port-of-singapore
https://www.mpa.gov.sg/media-centre/details/advancing-maritime-digitalisation--decarbonisation-and-manpower-development-efforts-at-sibcon-2024
https://downloads.ctfassets.net/gk3lrimlph5v/4mbqkJjNRTksqkNvK9IhtR/4939ac44d1b6029db4499cf6f5ec0f86/Getting_to_Zero_Coalition_Annual_progress_report_on_green_shipping_corridors_2024_edition.pdf
https://www.mpa.gov.sg/docs/mpalibraries/mpa-documents-files/sustainability-office/mpa-decarb-blueprint-2050a.pdf
https://www.shipzemba.org/
https://www.mpa.gov.sg/maritime-singapore/sustainability/maritime-singapore-green-initiative
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for aviation. As a point of reference, satisfying just 10% of that demand with 
synthetic fuel would require 50-55 GW of electrolysis,124 which is almost 25-28 
times the global electrolysis capacity in 2024. 

Energy demand for aviation is expected to increase as economic development 
continues. Some Southeast Asian countries already have an aviation 
decarbonisation strategy in place,125 but most consider biofuels as an alternative 
fuel and blending targets remain aspirational or not yet in place. 

One opportunity for the region is that the fuel demand in each country is largely 
concentrated in a few airports, meaning that supply of synthetic fuel to these 
airports would address the bulk of emissions. Correspondingly, the small number 
of airports to supply would facilitate implementation. Singapore only has one main 
airport (Changi), about 75% of the traffic in Thailand is from Bangkok,126 Jakarta, 
Surabaya and Bali handled over half of the total annual traffic in Indonesia in 2024, 
and in Malaysia there are 7 international airports and Kuala Lumpur handles more 
than 55% of the national traffic. 

Figure 7.13 Energy demand per capita for aviation in relation to GDP per capita, 2022 

 
IEA. CC BY 4.0. 

Notes: ASEAN = Association of Southeast Asian Nations; GDP = Gross Domestic Product. Singapore, United Arab Emirates 
and countries with a population smaller than 3 million people that had a high energy demand per capita are not represented 
in the figure to avoid distorting the axes. Singapore had an energy demand for aviation of 39 MJ per capita per year. 
Source: IEA analysis based on International Monetary Fund for GDP. 

Nearly 85% of the Southeast Asia population is well below the global average energy 
consumption per capita for aviation. 

 
 

124 This disregards future demand growth, which is expected by the time these facilities come online. Other assumptions are 
an electrolyser efficiency of 67% (on lower heating value basis) and 5 000 operating hours per year. 
125 Singapore published a Sustainable Air Hub Blueprint in 2024, Thailand made a proposal in 2024 to update the Alternative 
Energy Development Plan, Malaysia has a National Energy Transition Roadmap published in 2023 and Indonesia is 
developing a SAF action plan. 
126 Bangkok has two airports which are about 30 km apart and could presumably aggregate demand for SAF. 
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https://www.imf.org/external/datamapper/NGDPDPC@WEO/OEMDC/ADVEC/WEOWORLD
https://www.caas.gov.sg/docs/default-source/docs---so/singapore-sustainable-air-hub-blueprint.pdf
https://www.egnret.ewg.apec.org/sites/default/files/egnret61/Thailand-RE-development.pdf
https://www.egnret.ewg.apec.org/sites/default/files/egnret61/Thailand-RE-development.pdf
https://ekonomi.gov.my/sites/default/files/2023-09/National%20Energy%20Transition%20Roadmap_0.pdf
https://en.antaranews.com/news/326415/govt-launches-action-plan-for-environmentally-friendly-aviation-fuel
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Another opportunity lies in the state-owned companies involved in the aviation 
sector, which could serve to kick off the market by procuring synthetic fuel. For 
example, in Indonesia, 37 airports are managed by Angkasa Pura, which is an 
state-owned enterprise established in 2024.127 However, the government only 
regulates airlines and not fuel suppliers, which would make implementation of 
such a mandate more difficult. Pertamina, the state-owned oil company, has 
engaged in partnerships to develop sustainable aviation fuels (SAF). 

Table 7.1 Aviation-related indicators for the top four Southeast Asian markets 

 Singapore Thailand Indonesia Malaysia 

Aviation demand (PJ/yr) 300 (2023) 200 (2024) 120 (2023) 130 (2020) 

Traffic (million passengers) 62.5 (2024) 120 (2024) 80 (2024) 135 (2024) 

Domestic share (%) 0% 40% 80%128 55% 

SAF blending mandates 1% (2026),  
3-5% (2030) 

1% (2026),  
8% (2036) 5% (2025) 47% (2050) 

Notes: SAF mandates are only in place for Singapore. 

Power generation 

Several use cases for low-emissions hydrogen could be 
relevant for Southeast Asia 
Hydrogen can be used to produce electricity by using fuel cells (though 
electrochemical conversion), in gas turbines (through steam production from 
hydrogen combustion) and in coal-fired power plants (combustion as ammonia). 
There are at least four different use cases for hydrogen in the power sector that 
are relevant in Southeast Asia. Depending on the system configuration, there 
might be alternatives to hydrogen that are more suitable or more cost effective. 

Hydrogen can be used where domestic renewable potential is limited and imports 
are necessary to satisfy electricity demand, such as in Brunei and Singapore, 
which have limited land availability. 

In island power systems, which have limited flexibility, generation from hydrogen 
can provide some resilience (using fuel cells since the level of demand is relatively 
small and therefore does not justify the use of turbines). In these cases, hydrogen 
storage can complement batteries by meeting demand during prolonged periods 

 
 

127 Airports have been managed by state-owned enterprises since to the 1960s. 
128 Extrapolated to the entire year based on values from January to August. 

https://www.safinvestor.com/news/145963/indonesia/
https://www.theglobaleconomy.com/Singapore/jet_fuel_consumption/
https://www.efinancethai.com/LastestNews/LatestNewsMain.aspx?id=cjVyUE9xeXRUM1U9
https://www.theglobaleconomy.com/Indonesia/jet_fuel_consumption/
https://www.changiairport.com/content/dam/changiairport/common/pdf/publications/2024/cag-ar-2324(full).pdf
https://en.vietnamplus.vn/thailands-aviation-industry-recovers-vigorously-post301299.vnp
https://www.pwc.com/id/en/media-centre/infrastructure-news/october-2024/air-transport--international-routes-becoming-more-lively.html
https://www.thestar.com.my/business/business-news/2025/01/21/mahb-records-961-recovery-rate-to-135-million-passengers-in-2024#goog_rewarded
https://en.vietnamplus.vn/thailands-aviation-industry-recovers-vigorously-post301299.vnp
https://moodiedavittreport.com/indonesian-airport-passenger-traffic-maintains-strong-momentum/
https://www.thestar.com.my/business/business-news/2025/01/21/mahb-records-961-recovery-rate-to-135-million-passengers-in-2024
https://www.caas.gov.sg/docs/default-source/docs---so/singapore-sustainable-air-hub-blueprint.pdf
https://www.caas.gov.sg/docs/default-source/docs---so/singapore-sustainable-air-hub-blueprint.pdf
https://www.thai-german-cooperation.info/en_US/sustainable-aviation-fuel-saf-working-group-kick-off-meeting-engages-thailands-key-stakeholders-on-saf-challenges-and-development/#:%7E:text=Thailand's%202024%20Alternative%20Energy%20Development,goal%20of%208%25%20by%202036.
https://www.thai-german-cooperation.info/en_US/sustainable-aviation-fuel-saf-working-group-kick-off-meeting-engages-thailands-key-stakeholders-on-saf-challenges-and-development/#:%7E:text=Thailand's%202024%20Alternative%20Energy%20Development,goal%20of%208%25%20by%202036.
https://www.ejbmr.org/index.php/ejbmr/article/view/2545
https://ekonomi.gov.my/sites/default/files/2023-09/National%20Energy%20Transition%20Roadmap_0.pdf
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without renewable generation. There could be an opportunity for hydrogen use 
given that alternative fuel in remote islands is typically diesel, and island systems 
have high electricity prices. Examples include Indonesia,129 the Philippines, 
Thailand and Viet Nam, which are the countries with the most islands in Southeast 
Asia. Several “Renewstable” projects combining solar, wind, batteries, hydrogen 
storage and fuel cells are now being developed in Southeast Asia with the aim of 
providing a stable electricity supply. Of those that have long-term agreements, 23 
are in Indonesia, 5 in Viet Nam and 15 in the Philippines, with an average 
investment of EUR 100 million per project. 

Hydrogen could be converted to power in systems with a high share of renewables 
(especially wind) and can ensure that load is met during periods of low renewable 
generation. This can be done at large scale through gas turbines or co-firing in 
coal plants (see below). This use complements the flexibility provided130 by varying 
the electrolyser load. Viet Nam is considering hydrogen generation in its long-term 
plans. 

Hydrogen could also be part of a mix of industrial gases that are used for power 
generation, and where part of the generation is exported to the electricity grid. This 
can be attractive when the wholesale electricity prices are high, and private 
companies are now evaluating this use case for Indonesia, Viet Nam and 
Thailand. 

Ammonia co-firing is being tested by multiple countries 
including in Southeast Asia 
Ammonia co-firing with coal is a possibility for the entire region. In 2024, coal 
capacity was nearly 30% (112 GW) of the total installed capacity in the region and 
nearly half of total generation. The coal fleet in Southeast Asia is relatively young, 
with almost 60% less than 10 years old and another 12.5 GW under construction. 
Ammonia co-firing is not yet commercially available; it has a technology readiness 
level of 7, with multiple countries testing up to 35% co-firing (Table 7.2). A potential 
issue with ammonia combustion is the production of higher nitrogen oxides (NOx), 
an air pollutant, but results from demonstration have indicated that NOx levels 
when co-firing were no higher than for standard coal combustion. 

 

 

 
 

129 Indonesia has nearly 1 700 diesel generation units spread across 416 locations with a total generation capacity of 588 MW. 
130 Electrolyser load variation and hydrogen reconversion to power are two ways hydrogen can provide flexibility to the power 
sector, but there are other options, like batteries, hydropower, long-duration energy storage, demand response, thermal 
generation and grid expansion. 

https://fuelcellsworks.com/2025/05/28/energy-development/hdf-energy-and-southern-power-corporation-evnspc-partner-to-advance-green-hydrogen-power-development-in-vietnam
https://www.oecd.org/content/dam/oecd/en/about/programmes/cefim/green-hydrogen/HDF-CEOG-Sumba-Case-Study.pdf/_jcr_content/renditions/original./HDF-CEOG-Sumba-Case-Study.pdf
https://www.actusnews.com/en/hdf-energy/pr/2025/04/16/hdf-energy-indonesia_s-ministry-of-transportation-pln-and-asdp-join-forces-to-decarbonize-the-maritime-sector-with-hydrogen
https://vanban.chinhphu.vn/?pageid=27160&docid=213388&classid=0
https://hdf-energy.com/en/investors/press-release/?ID=ACTUS-0-92509&CLIENT=ACTUS-0-478
https://hdf-energy.com/en/investors/press-release/?ID=ACTUS-0-91955&CLIENT=ACTUS-0-478
https://docs.google.com/spreadsheets/d/1sJaujnG4X2QnlyOCwBh_qLPZoWh2PCGN/edit?gid=126056999#gid=126056999
https://docs.google.com/spreadsheets/d/1_6AkrRZOn3ZXhSV9O6tZnX-m7aJsfG9HiQ_iEqBkbW8/edit?gid=1228809590#gid=1228809590
https://www.iea.org/data-and-statistics/data-tools/etp-clean-energy-technology-guide?layout=list&selectedTechID=2bff8d7a
https://ureaknowhow.com/wp-content/uploads/2024/08/2024-Wang-Ammonia-co-firing-with-coal-a-review-of-the-status-and-prospects.pdf
https://www.reuters.com/business/energy/jera-ends-ammonia-co-firing-trial-coal-power-station-with-positive-results-2024-06-26/
https://www.esdm.go.id/assets/media/content/content-peta-jalan-hidrogen-dan-amonia-nasional.pdf
https://iea.blob.core.windows.net/assets/b2043b09-b22a-4c84-84c5-2ed70a730c36/ManagingtheSeasonalVariabilityofElectricityDemandandSupply.pdf
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Table 7.2 Targets, pilot and demonstration projects for ammonia co-firing in coal 
plants 

Country Year Stage Blending ratio Notes 
Indonesia 2022 Pilot Undisclosed 100-MW unit 

China 2022 Pilot 25% 40-MWth unit 
India 2023 Announcement Up to 20% 330-MW unit 

Indonesia 2023 Pilot Possibility of up to 
60% 

Actual ratio tested 
undisclosed 

China 2023 Pilot Up to 35% 300 MW 
Japan 2024 Pre-commercial 20% 1-GW plant 

Indonesia 2025 Pilot 3% 300-MW unit 
Japan 2027 Commercial 20% Target 
Korea 2027 Demo 20% Target 
Japan 2028 Pilot 50% Target 
Korea 2030 Commercial 20% Target 

Notes: Projects at the memorandum of understanding stage or undergoing feasibility studies are excluded. 
 

The cost of retrofitting a coal unit to co-fire ammonia is relatively low, in the order 
of USD 20-55/kW, in comparison to a typical investment of USD 1 600/kW for a 
supercritical coal plant in Asia. The investment needs for retrofitting are therefore 
manageable; the main cost penalty related to co-firing is the fuel. The fuel cost for 
coal plants is about USD 30/MWh, while renewable ammonia – even in 2035, by 
when costs are expected to come down – is expected to cost about 14 times more. 
Blending at 20% would therefore increase the fuel cost contribution by almost 3 
times. When considering typical emissions for coal plants, the abatement cost for 
co-firing ammonia would be in the order of USD 800/t CO2 (independent of the 
blending ratio). 

In terms of wider regional collaboration, ammonia co-firing has been recognised 
by energy ministers as an alternative for phasing down coal. Co-firing is also being 
explored as part of the AZEC, mostly in the form of MoUs and pilot projects. Japan 
and Thailand are studying the possibility of co-firing 20% ammonia at a 1.4-GW 
coal plant in Indonesia. Cross-border collaboration is also underway in the private 
sector: For example, IHI Corporation (a Japanese company) worked together with 
PT Pupuk (an Indonesian state-owned enterprise) to test co-firing in 2022, and is 
aiming to further study commercialisation potential. The Japanese utility JERA 
(Japan’s Energy for a New Era) and Aboitiz Power Corporation (a Filipino 
company) will also evaluate co-firing in coal plants in Philippines. 

Looking ahead, the potential ammonia demand from coal co-firing depends on the 
pathway followed. Coal generation could increase by more than 30% by 2040 if 
historical trends continue, but it could decrease by more than 45% if announced 
policy goals are achieved. Assuming a 60% co-firing ratio, the coal-fired electricity 
generation in the latter scenario would result in an ammonia demand of 115 Mtpa 
in 2040. This is more than ten times the current regional ammonia production and 
could reduce CO2 emissions by over 200 Mtpa. This level of 60% ammonia co-

https://www.ihi.co.jp/en/all_news/2022/resources_energy_environment/1198046_3488.html
https://www.scopus.com/pages/publications/85130577638
https://www.businesswireindia.com/adani-power-co-fire-green-ammonia-at-its-mundra-plant-sustainable-future-87694.html
https://www.petromindo.com/news/article/ammonia-co-firing-testing-at-jawa-9-10-power-plant-commences
http://xhs.anhuinews.com/ahgq1/snyjt/202304/t20230412_6790419.html
https://www.jera.co.jp/en/news/information/20240401_1863
https://www.petromindo.com/news/article/pln-indonesia-power-tests-green-ammonia-co-firing-at-labuan-coal-plant
https://www.reuters.com/markets/commodities/asias-ammonia-co-firing-power-plant-trials-2024-03-19/
https://www.iea.org/reports/strategies-for-coal-transition-in-korea
https://www.jera.co.jp/en/news/information/20220107_822
https://www.iea.org/reports/strategies-for-coal-transition-in-korea
https://jcspe.speri.com.cn/EN/10.19805/j.cnki.jcspe.2022.11.006
https://www.iea.org/data-and-statistics/data-product/global-energy-and-climate-model-key-input-data#gec-model-power-generation-technology-costs-dataset
https://asean.org/wp-content/uploads/2024/09/JMS-42nd-AMEM-Adopted.pdf
https://www.meti.go.jp/policy/energy_environment/global_warming/azec/1st_leaders_meeting/1st_azec_lm_progressreport_en.pdf
https://www.meti.go.jp/policy/energy_environment/global_warming/azec/1st_leaders_meeting/1st_azec_lm_progressreport_en.pdf
https://www.ihi.co.jp/en/all_news/2022/resources_energy_environment/1198046_3488.html
https://www.ihi.co.jp/en/all_news/2024/resources_energy_environment/1201049_13691.html
https://www.jera.co.jp/en/news/information/20230210_1084
https://www.iea.org/reports/southeast-asia-energy-outlook-2024
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firing would bring the specific emissions of coal plants on par with those from gas 
power plants. The high fuel costs mean that it may be more economical to use 
coal plants with co-firing to provide flexibility to the power system, although this 
may require targeted equipment upgrades and capacity remuneration 
mechanisms. 

Government plans currently point to a decrease in coal capacity. Coal transition 
mechanisms, such as blended finance loans and managed transition vehicles, can 
help facilitate the early termination of coal power purchase agreements (which are 
the main barrier to phase-out), with little to no increased cost for consumers. This 
suggests that the coal fleet for which ammonia could potentially be used could 
decrease over time, with the pace defined by the speed at which coal transition 
policies are introduced. From an energy security perspective, seven of the ten 
ASEAN countries are net coal importers, so any delay in coal phase-out (including 
by using ammonia) would lead to prolonged reliance on energy imports. 

Government plans relevant to power generation 
Singapore has limited domestic renewable potential, so it is expected to continue 
to rely on imports to meet its power demand. Imports may be directly as electricity, 
as natural gas coupled with carbon capture, as hydrogen, or as ammonia. 
Singapore is already connected to Malaysia (525 MW), with plans to expand that 
connection to 1 050 MW. Other plans include 3.4 GW from other parts of Malaysia, 
1.2 GW from Viet Nam, and up to 1 GW from Cambodia. These will all contribute 
to the country’s 4 GW of “low-carbon” electricity import target for 2035. For 
context, Singapore has a total installed capacity of about 13 GW. The direct use 
of ammonia is also being explored through the Pathfinder project, which aims to 
deploy a 55-65 MW ammonia power plant by 2028. The selection of project 
developers for this initiative should be finalised this year (see Strategies). Natural 
gas coupled with carbon capture is currently at the pre-feasibility stage. This 
portfolio of technologies would allow Singapore to fully decarbonise its electricity 
system, but the role of each technology will depend on the findings from initial 
stages, as well as technology evolution. 

Viet Nam’s 8th Power Development Plan, published in May 2023 and amended in 
April 2025, details a pathway for power sector development to 2030 and a vision 
to 2050. This sees no role for hydrogen in 2030, but in 2050, it includes 25.8 GW 
of thermal generation using biomass and ammonia, 7 GW of gas-fired thermal 
power running entirely on hydrogen, 18.2-26.1 GW of liquefied natural gas (LNG) 
thermal generation with hydrogen combustion and 8.6-11.3 GW of converted LNG 
thermal generation running entirely on hydrogen. As a point of reference, the total 
installed capacity by 2050 is expected to be 775-839 GW, of which 491-526 GW 
are from solar and wind. 

Indonesia also sees a prominent role for hydrogen derivatives in its hydrogen and 
ammonia roadmap. Based on different scenarios in the roadmap, ammonia co-

https://www.eria.org/uploads/Potential_Utilisation_of_Fuel_Ammonia_in_ASEAN_Countries.pdf
https://rmi.org/insight/unlocking-coal-contracts/
https://rmi.org/insight/unlocking-coal-contracts/
https://globalenergymonitor.org/wp-content/uploads/2024/08/GEM-August-2024-Southeast-Asias-not-so-young-coal-plants.pdf
https://aseanenergy.org/wp-content/uploads/2024/11/ASEAN-Power-Grid-Interconnections-Project-Profiles.pdf
https://www.greenplan.gov.sg/key-focus-areas/energy-reset/
https://www.ema.gov.sg/resources/singapore-energy-statistics/chapter2
https://www.mti.gov.sg/Newsroom/Parliamentary-Replies/2024/11/Oral-reply-to-PQ-on-national-grid-and-energy-infrastructure-to-accommodate-new-energy-sources
https://xaydungchinhsach.chinhphu.vn/toan-van-quy-hoach-phat-trien-dien-luc-quoc-gia-11923051616315244.htm
https://vanban.chinhphu.vn/?pageid=27160&docid=213388&classid=0
https://www.esdm.go.id/assets/media/content/content-peta-jalan-hidrogen-dan-amonia-nasional.pdf
https://www.esdm.go.id/assets/media/content/content-peta-jalan-hidrogen-dan-amonia-nasional.pdf
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firing could reach 3% in 2025, 10% in 2030 and 30% in 2034, with hydrogen co-
firing starting later and reaching 10% in 2035 then ramping up to 60% by 2045. By 
2060, pure ammonia power plants are expected to reach up to 8.4 GW and 
hydrogen power plants up to 25.3 GW consuming 4.2 Mtpa of hydrogen. Fuel cells 
could also play a role in power generation. These capacities are in line with the 
latest 2024-2060 Electricity Plan. Indonesia is already testing renewable ammonia 
co-firing at 3% at Labuan, and is exploring several ammonia and hydrogen co-
firing pilots for 2025-2026 in gas turbines of 16-300 MW. 

Industrial hubs 
Industrial hubs can be a way to aggregate demand from multiple users, creating 
economies of scale to achieve low costs for production or for shared import 
infrastructure. In such a hub, each user commits to a small share of offtake, 
thereby spreading the risks associated with supply and infrastructure 
development. Existing industrial hubs are commonly located close to ports since 
trade of raw materials, products and equipment is essential for operations. The 
factors131 affecting the siting of hubs include existing infrastructure (electricity grid, 
gas grid, ports, rail and roads), industrial assets and potential hydrogen demand, 
as well as local characteristics such as workforce availability, service companies 
and social acceptance. Hubs can be classified into three categories: industrial 
demand hubs, bunkering and fuel distribution hubs, and supply hubs. 

In Southeast Asia, the main industrial demand hubs are in Rayong (Thailand), 
Vung Tau (Viet Nam), Jakarta (Indonesia) and Kuala Lumpur (Malaysia) 
(Figure 7.14). Rayong hosts all of Thailand’s existing steel capacity, one large 
ammonia plant operated by PTT (a state-owned enterprise) and two refineries with 
a total capacity of 425 kbpd. Vung Tau has several steel plants (with eight 
furnaces and a capacity equivalent to about a quarter of Viet Nam’s steel 
production capacity), the largest ammonia plant in the country (Phu my, with a 
capacity of 540 ktpa) and is within 50 km of the Saigon port, the largest port in 
Viet Nam. In Malaysia, Kuala Lumpur has several steel plants, including an 
existing 1.5 Mtpa DRI plant in Selangor. The Port Klang (within 30 km of Kuala 
Lumpur) is the largest in the country. Two of the four ammonia plants in the country 
are within 325 km. Jakarta has three steel plants with a capacity equivalent to a 
fifth of Indonesia’s capacity, and the Port of Tanjung Priok is the largest in the 
country. Even though Jakarta does not have any large chemical plants, the large 
chemical companies headquartered there may facilitate collaboration on new 
projects. Jakarta’s large shipping fuel demand can also provide an opportunity for 
ammonia bunkering. Elsewhere, Singapore is a natural hub for bunkering 
hydrogen derivatives, given its large fuel consumption and ongoing efforts on 
shipping fuels (see Shipping). 

 
 

131 See Chapter 8 of GHR-24 for more details. 

https://gatrik.esdm.go.id/assets/uploads/download_index/files/28dd4-rukn.pdf
https://www.iea.org/reports/global-hydrogen-review-2024
https://globalenergymonitor.org/projects/global-iron-and-steel-tracker/tracker-map/
https://ammoniaenergy.org/articles/ptt-mhi-ammonia-energy-in-thailand/
https://maps.fractracker.org/3.13/?appid=8e72a974af4c4fe9ba6875cee03078ee
https://e.nhipcaudautu.vn/tech/vietnam-has-much-potential-for-ammonia-production-3347496/
https://www.nso.gov.vn/en/other-news/2022/11/three-vietnamese-seaports-among-top-100-largest-container-ports-worldwide/
https://www.doe.gov.my/wp-content/uploads/2021/08/BEST-AVAILABLE-TECHNIQUES-GUIDANCE-DOCUMENT-ON-IRON-STEEL-INDUSTRY.pdf
https://ship4wd.com/logistics-shipping/container-ports-in-malaysia#:%7E:text=Port%20Klang,-Location%3A%20Port%20Klang&text=As%20the%20nation's%20largest%20port,container%20ports%20by%20Lloyd's%20List.
https://theedgemalaysia.com/node/701492
https://slg-logistics.co.uk/the-major-ports-and-shipping-routes-in-indonesia/
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Figure 7.14 Potential hydrogen hubs in Southeast Asia 

 
IEA. CC BY 4.0. 

Note: Only includes projects with an announced operating date before 2030, assuming they start on time. 
Sources: IEA analysis based on IEA Hydrogen Projects database (September 2025), Global Energy Monitor, Argus Media 
Group, All rights reserved, Open Infrastructure Map, Fractracker. 

Existing industrial hubs provide an initial opportunity to trigger demand for low-emissions 
hydrogen, as does Singapore, as the world’s largest bunkering hub. 

Near-term actions 
Support deployment of renewables, which can create positive spillover 
effects for hydrogen development. Solar PV and onshore wind – the 
technologies that would be used for renewable hydrogen – are still nascent in 
Southeast Asia. In 2024, 8 of the 10 ASEAN countries had a share of less than 
5% of electricity generation from these two technologies. Accelerating deployment 
of renewables will benefit hydrogen by developing the market, industry and 
workforce; building confidence among financial institutions and experience with 
risk mitigation instruments that will decrease the cost of capital; and standardising 
administrative processes for permitting, environmental assessment and similar 

https://www.iea.org/data-and-statistics/data-product/hydrogen-production-and-infrastructure-projects-database
https://globalenergymonitor.org/projects/global-integrated-power-tracker/tracker-map/
https://direct.argusmedia.com/
https://direct.argusmedia.com/
https://openinframap.org/#4.75/18.24/115.33
https://maps.fractracker.org/3.13/?appid=8e72a974af4c4fe9ba6875cee03078ee
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steps. All of these steps could benefit hydrogen projects. Rather than deploying 
mega projects with multiple components and risks, developing renewable projects 
first, and then adding steps relating to electrolysis, would enable a gradual 
approach with fewer risks. A mature renewable sector can also attract large 
companies and promote competition, which might lead them to explore new 
avenues for growth such as hydrogen production. Cost data from actual renewable 
projects would also reduce the uncertainty around the main cost driver (the 
electricity input) for renewable hydrogen projects. Finally, reducing the cost of 
electricity is key for hydrogen projects to take off; policies targeted at renewables 
will have a positive impact on hydrogen projects. 

Deploy pilot hydrogen projects and progressively build experience with the 
technology. Currently, 94% of the project pipeline to 2030 in Southeast Asia (and 
an even larger fraction if the full pipeline is considered) is undergoing feasibility 
assessment or at the early stages. A more diversified project portfolio is needed 
to test different configurations, applications, regions and electricity sources, 
among other aspects. This would build understanding of what works best in the 
local context and could also be coupled with regulatory sandboxes to test different 
policies, providing a stepping stone for larger projects. Piloting would need to 
begin today so that lessons could be incorporated in the design of the larger plants 
in a timely manner. Pilot projects would also develop essential experience in the 
private sector (such as among project developers and engineering firms). Pilots 
are also needed in end uses, especially for new applications like aviation or 
shipping, which allow for a progressive ramp-up. 

Leverage existing hydrogen applications to anchor demand and create 
economies of scale. Southeast Asia already has a large existing hydrogen 
demand (4 Mtpa), which is heavily concentrated: Over half of the entire regional 
demand is in methanol production in Malaysia (1 site), refining in Singapore 
(3 plants), and ammonia in Indonesia (5 plants). To leverage these applications, 
policies would need to move from promoting incremental changes, such as energy 
efficiency, to promoting a step change such as a fuel or technology shift. Focusing 
on those applications and hydrogen clusters with the largest scale would not only 
enable mitigation of the bulk of emissions from hydrogen production, but also 
create economies of scale that other applications can then leverage. Renewable 
ammonia production could use existing assets (synthesis units, transport and 
storage), enabling exports to regions like Korea, Japan or the European Union, 
and achieve low transport costs. 

Create demand for the uptake of low-emissions hydrogen. Currently, there 
are limited incentives to decarbonise existing hydrogen uses or promote new 
applications. Some alternatives that have been used in other emerging economies 
include demand aggregation through hubs (Brazil), auctions with a fixed premium 
for renewable ammonia production (India), financial support in the form of loans 

https://www.gov.br/mme/pt-br/programa-nacional-do-hidrogenio-1/iii-planejamento-energetico/chamada-publica-de-hubs-de-h2/20241004-termo-de-manifestacao-de-interesse-para-selecao-de-hubs-de-hidrogenio.pdf
https://www.seci.co.in/view/publish/tender/details?tenderid=53454349303030313537
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and loan guarantees (Chile), and tax incentives (Argentina). Other options such 
as quotas, grants and targets are also available. Ease of application and 
accelerated permitting can be important enabling measures, especially for sectors 
with nascent consumer-led demand and a willingness to pay for decarbonised 
products like textiles (as in Viet Nam). Regardless of the instrument used, it is 
important to provide visibility on how such instruments might evolve over time and 
what criteria will be used for their review. At the same time, binding policies can 
give a clear signal on demand creation. For example, a legislated quota will 
provide greater certainty than an aspirational target. Both of these aspects will 
help de-risk projects and improve their long-term viability by increasing the 
chances of hydrogen offtake, which is one of the main barriers to taking FID, and 
potentially increasing the willingness to pay from specific consumers. 

Develop certification schemes for hydrogen and its derivatives. None of the 
Southeast Asian countries has a certification scheme in place, but such schemes 
will be key to enabling implementation of relevant policies, ensuring emissions 
reduction, creating transparency for consumers and allowing for tracking of 
environmental attributes, as well as being essential to enabling global trade. A full 
certification scheme can take years to develop, which is why efforts would need 
to start as soon as possible. For example, the European Union’s hydrogen 
strategy was published in July 2020 and the full methodology for GHG 
measurement entered into force in June 2023. In Australia, the first strategy was 
published in late 2019, and work to define the guarantees of origin scheme is still 
being undertaken in 2025. Southeast Asian countries could use the ISO standard 
as a starting point, with the aim of achieving interoperability with other schemes 
around the world. Mutual recognition of the schemes that already have rules in 
place is crucial. Step-by-step development could also be considered, starting with 
GHG emissions and then broadening the scope to include other aspects such as 
land use, water consumption or social dimensions. Similarly, the system 
boundaries could first consider hydrogen production and then expand to 
production of derivatives, and to transport. A clear timeline and criteria for these 
changes over time would benefit hydrogen deployment. 

Use policy and financial instruments to address the high cost of capital. 
Hydrogen projects are capital intensive, which makes the cost of capital critical to 
the overall production cost. Southeast Asia has a higher WACC than most 
advanced economies, as a result of country risk profiles and low maturity of the 
renewables sector. In the case of renewables, providing predictability of the 
revenue streams using feed-in tariffs, contracts for difference, power purchase 
agreements, other types of long-term contracts or pricing instruments should help 
to bring down the cost of capital. From the financing perspective, some 
alternatives include low-cost debt, payment guarantees (or other credit 
enhancement arrangements to cover payment risk), concessional and grant  
 

https://corfo.cl/sites/cpp/sala_de_prensa/nacional/19_06_2023_fondo_hidrogeno_verde
https://www.boletinoficial.gob.ar/detalleAviso/primera/312707/20240823
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52020DC0301
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv%3AOJ.L_.2023.157.01.0011.01.ENG&toc=OJ%3AL%3A2023%3A157%3ATOC
https://www.dcceew.gov.au/sites/default/files/documents/australias-national-hydrogen-strategy.pdf
https://www.dcceew.gov.au/about/news/guarantee-origin-scheme-consultation-now-open
https://www.iso.org/standard/65628.html
https://www.iea.org/reports/towards-common-criteria-for-sustainable-fuels
https://www.iea.org/reports/financing-clean-energy-transitions-in-emerging-and-developing-economies
https://www.iea.org/reports/financing-clean-energy-transitions-in-emerging-and-developing-economies
https://www.iea.org/reports/scaling-up-private-finance-for-clean-energy-in-emerging-and-developing-economies
https://iea.blob.core.windows.net/assets/6ac243a9-247b-4b79-bc01-0e7730434118/RoadmaptoIncreaseInvestmentinCleanEnergyinDevelopingCountriesaninitiativebytheG20BrazilPresidency.pdf
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funding. For hydrogen projects, having large companies as credible off-takers (for 
example, from Japan), and companies that have built projects in other regions, 
would help to decrease the cost of capital. 

Collaborate internationally and learn from best practices in other regions. 
Collaboration across governments, multilateral organisations, and industry both 
within and outside the region can be useful. Potential learning may be in terms of 
policy measures that have been used and their specific design, including scope, 
level of incentive and eligibility. As shown in Chapter 6 Policies tax incentives are 
commonly used across emerging economies. There is also an opportunity to co-
finance the projects with the private sector and maximise capital mobilisation. 
Learning may also relate to aspects such as safety regulations, regulation of the 
hydrogen infrastructure and certification schemes. Further opportunities to learn 
from deployment could arise from attracting foreign companies that have built 
projects elsewhere. This can help to develop the local workforce and result in 
lower project costs. Collaboration can also take place at the research level, to 
maximise synergies and avoid duplication. This goes together with regional 
collaboration, for example through AZEC or the ASEAN Hydrogen Task Force. 

 

https://www.enecho.meti.go.jp/en/category/special/article/detail_197.html
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Figure 7.15 Opportunities by sector for deployment of low-emissions hydrogen in Southeast Asia 

 
IEA. CC BY 4.0. 

Note: Current demand is omitted for power generation. 

The countries with the largest energy and hydrogen demand today provide the largest opportunities for hydrogen deployment.  
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Annex 

Explanatory notes 

Projections and estimates 
Projections and estimates in the Global Hydrogen Review 2025 are based on 
research and modelling results derived from the most recent data and information 
available from governments, institutions, companies and other sources as of July 
2025. 

Terminology relating to low-emissions hydrogen  
In this report, low-emissions hydrogen includes hydrogen which is produced 
through water electrolysis with electricity generated from a low-emissions source 
(nuclear and renewables such as solar and wind). Hydrogen produced from 
biomass or from fossil fuels with carbon capture, utilisation and storage (CCUS) 
technology is also counted as low-emissions hydrogen.  

Production from fossil fuels with CCUS is included only if upstream emissions are 
sufficiently low, if capture – at high rates – is applied to all CO2 streams associated 
with the production route, and if all CO2 is permanently stored to prevent its release 
into the atmosphere. The same principle applies to low-emissions feedstocks and 
hydrogen-based fuels made using low-emissions hydrogen and a sustainable 
carbon source (of biogenic origin or directly captured from the atmosphere). 

The IEA does not use colours to refer to the different hydrogen production routes. 
However, when referring to specific policy announcements, programmes, 
regulations and projects where an authority uses colours (e.g. “green” hydrogen), 
or terms such as “clean” or “low-carbon” to define a hydrogen production route, 
we have retained these categories for the purpose of reporting developments in 
this review. 

Terminology for carbon capture, utilisation and storage 
In this report, CCUS includes CO2 captured for use (CCU) as well as for storage 
(CCS), including CO2 that is both used and stored, e.g. for enhanced oil recovery 
or building materials, if some or all of the CO2 is permanently stored. When use of 
the CO2 ultimately leads to it being re-emitted to the atmosphere, e.g. in urea 
production, CCU is specified. 
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Project status 
For the analysis of the pipeline of announced projects, four potential statuses have 
been considered: 

 Operational: includes projects that are already producing hydrogen, even if they 
are in a ramp-up period and have not achieved their full production capacity. 

 Final investment decision: includes projects that have taken a firm investment 
decision, including those that have started construction. 

 Feasibility studies: includes projects that are undertaking pre-feasibility studies, 
feasibility studies or front-end engineering design.  

 Early stage: includes projects at very early stages of development, e.g. only a co-
operation agreement among stakeholders has been announced or a general 
announcement of the intention to develop a project has been made. 

Currency conversions 
This report provides the stated values of programmes and projects in the currency 
stated in their announcement. In many instances these values are converted to 
US dollars for ease of comparison. The currency exchange rates used correspond 
to an average value for the year of the announcement based on World Bank 
exchange rates. For 2025 values, average exchange rates are based on the 
International Monetary Fund. 

Reporting hydrogen demand 
In this report, demand includes hydrogen that has been intentionally produced for 
utilisation, including pure hydrogen (used in applications such as ammonia 
production and refining), and hydrogen which is mixed with carbon-containing 
gases (used in applications such as methanol production and steel 
manufacturing). It excludes hydrogen which is present in residual gases from 
industrial processes (e.g. coke ovens and steam crackers), which are used for 
heat and electricity generation. This hydrogen is not deliberately produced for a 
specific application, rather its use is linked to the inherent presence of hydrogen 
in these residual streams. In addition, in this report we do not include estimations 
of historical use of small amounts of hydrogen in applications like glassmaking, 
electronics and metal processing. 

Traditional and new applications for hydrogen 
Beyond the existing applications for hydrogen in refining, the chemical industry, 
steel production, and other specialised applications, hydrogen can also be used 
in a wide range of new applications. Hydrogen has not yet been used at scale in 
these applications, but efforts to reduce emissions and enhance energy security 

https://data.worldbank.org/indicator/PA.NUS.FCRF?year=2023
https://data.worldbank.org/indicator/PA.NUS.FCRF?year=2023
https://www.imf.org/external/np/fin/data/param_rms_mth.aspx
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are expected to drive up hydrogen use in some of these new applications, 
particularly in sectors where emissions are hard to abate, and other low-emissions 
technologies are either unavailable or very difficult to implement. 

Tracking total hydrogen use alone is not sufficient to assess progress on hydrogen 
adoption, and particularly whether it is happening in the direction and at the pace 
required for hydrogen to play its role in the clean energy transition. The use of 
hydrogen by application also needs to be tracked in order to assess uptake in new 
applications. For reporting purposes in the IEA’s Global Hydrogen Review, we use 
two categories of applications for hydrogen: 

 Traditional applications, including refining; feedstock to produce ammonia, 
methanol and other chemicals; and as a reducing agent to produce direct reduced 
iron (DRI) using fossil-based synthesis gas. This category also includes the use 
of hydrogen in electronics, glassmaking or metal processing, although these are 
not included in our reporting. 

 Potential new applications, such as the use of hydrogen as a reducing agent in 
100%-hydrogen DRI, long-distance transport, production of hydrogen-based fuels 
(such as ammonia or synthetic hydrocarbons), biofuels upgrading (e.g. 
hydrogenation of fats and oils), high-temperature heating in industry, and 
electricity storage and generation, as well as other applications in which hydrogen 
use is expected to be very small due to the existence of more efficient low-
emissions alternatives. 

Enabling indicators to assess regional factors affecting 
project development 

This part of the annex provides a detailed overview of the methodology used to 
evaluate regional enabling conditions as part of the assessment of the likelihood 
of low-emissions hydrogen production projects becoming operational by 2030. 
The regional component is one of three key deliverability factors, alongside project 
size and target end-use, described in Box 3.1. 

The regional assessment is based on 66 indicators (Table A.1) grouped into seven 
enabling factors and distributed across three categories that can influence the 
development and delivery of hydrogen projects: 

 business environment 

 energy infrastructure 

 status of the hydrogen market. 

 

Indicators were selected to capture a wide range of elements relevant to project 
implementation. Some indicators are cross-cutting (e.g. corruption perception 
index, regulatory quality), while others are technology-specific (e.g. renewable 
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energy potential for electrolysis, availability of CO₂ storage for CCUS). The data 
for these indicators was collected from publicly available sources, including the 
World Bank, IEA, IRENA, and other relevant institutions. 

Comprehensive data was not always available for recent years; in order to make 
the assessment as comprehensive as possible, data was collected for 2018 to 
2024, with priority given to more recent datasets. The indicators were compiled for 
all countries currently hosting hydrogen production projects listed in the IEA 
Hydrogen Production Projects Database. 

Each indicator was normalised across countries to get a value in the range of [0-
1], where higher values represent more favourable conditions for project 
development. The normalised values of the indicators grouped under each 
enabling factor were added up to give an overall score for each enabling factor. 
Then, each enabling factor was given a weight grade according to its importance, 
between 1 (least important) and 4 (most important), based on expert judgement. 
In some cases, the importance weights varied depending on whether the project 
involved electrolysis or CCUS technologies (Table A.2). Finally, the overall score 
for each enabling factor was multiplied by its corresponding importance rating to 
get a regional condition score for each country. Based on this score, countries 
were grouped into four categories, with those in the highest-scoring group 
considered to have the strongest enabling conditions for project delivery by 2030. 
The regional condition scores, when combined with size and end-use 
assessments, contributed to the classification of each hydrogen project into one 
of five categories assessing their likelihood of being operational by 2030: almost 
certain, strong potential, moderate potential, low potential and uncertain. 

This assessment is not intended as a definitive forecast, but rather as a structured, 
comparative snapshot of project feasibility under current conditions. As data 
availability improves and project contexts evolve, results may be updated to reflect 
these changes. 

 

https://www.iea.org/data-and-statistics/data-product/hydrogen-production-and-infrastructure-projects-database
https://www.iea.org/data-and-statistics/data-product/hydrogen-production-and-infrastructure-projects-database
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Table A.1 Indicators for assessing regional enabling conditions 

Category Enabling 
Factor Indicator Description Source 

Business 
environment 

Ease of doing 
business 

Ease of doing 
business 

The simple average of the scores for each of the 
ease of doing business topics: starting a business, 
dealing with construction permits, getting electricity, 
registering property, getting credit, protecting 
minority investors, paying taxes, trading across 
borders, enforcing contracts and resolving 
insolvency. 

World Bank, 2021 

Political stability 
Measures perception of the likelihood of political 
instability and/or politically motivated violence, 
including terrorism. 

World Bank, 2023b 

Corruption Perception 
indicator 

Measures perception of the extent to which public 
power is exercised for private gain, including both 
petty and grand forms of corruption, as well as 
“capture” of the state by elites and private interests. 

World Bank, 2024b 

Industrial 
competitiveness 

Competitive Industrial 
Performance Index 

Benchmark of the ability of countries to produce and 
export manufactured goods competitively. UNIDO, 2024 

Economic Complexity 
Index 

Ranking of countries based on the diversity and 
complexity of their export basket. 

Center for International Development at Harvard 
University, 2023 

Total trade volume Total trade flow considering imports and exports [t]. CEPII, 2024 

Labour cost Average hourly wage across all sectors. ILO, 2024 

Financing cost Weighted average 
cost of capital 

Weighted Average Cost of Capital for more mature 
technologies [%]. IEA, 2024a 

https://archive.doingbusiness.org/en/data/doing-business-score
https://www.worldbank.org/en/publication/worldwide-governance-indicators
https://data.worldbank.org/indicator/CC.EST
https://stat.unido.org/data/table?dataset=cip
https://atlas.hks.harvard.edu/rankings
https://atlas.hks.harvard.edu/rankings
https://www.cepii.fr/CEPII/en/bdd_modele/bdd_modele_item.asp?id=37
https://ilostat.ilo.org/topics/labour-costs/
https://www.iea.org/reports/global-energy-and-climate-model
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Category Enabling 
Factor Indicator Description Source 

Energy and 
infrastructure 

Energy 
infrastructure 

Electricity access Share of population with access to electricity. IEA analysis 

Electricity demand per 
capita - IEA, 2024h 

Natural gas demand 
per capita - IEA, 2024h 

Access to low-
emissions 

energy 

Renewable energy 
potential Sum of solar and wind energy potential. 

IEA analysis based on: 
Copernicus Climate Change Service, 2025 
European Space Agency, 2010 
Protected Planet, n.d. 
World Wildlife Fund, n.d. 
FAO, n.d. 
Renewables.ninja, n.d. 

Regulatory Indicator 
for Sustainable Energy 

Assesses countries’ policy and regulatory support 
for renewable energy. World Bank, 2024a 

Natural gas reserve Natural gas proved reserves share. Energy Institute Statistical Review of World Energy, 
2024 

Availability of CCS 
infrastructure Existing CCS infrastructure. Oil and Gas Climate Initiative, 2025 

https://www.iea.org/data-and-statistics/data-product/world-energy-balances
https://www.iea.org/data-and-statistics/data-product/world-energy-balances
https://cds.climate.copernicus.eu/datasets/reanalysis-era5-single-levels?tab=overview
https://due.esrin.esa.int/page_globcover.php
https://www.protectedplanet.net/en/thematic-areas/wdpa?tab=WDPA
https://www.worldwildlife.org/pages/global-lakes-and-wetlands-database
https://www.fao.org/soils-portal/data-hub/soil-maps-and-databases/faounesco-soil-map-of-the-world/en/
https://www.renewables.ninja/
https://databank.worldbank.org/
https://www.energyinst.org/statistical-review/home
https://www.ogci.com/ccus/co2-storage-catalogue
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Category Enabling 
Factor Indicator Description Source 

Status of the 
hydrogen 

market 

Hydrogen 
demand Hydrogen demand 

Calculation of H2 requirement based on industry 
applications (Ammonia, Methanol, Refinery and 
Steel). 

Argus Media Group, 2025 
International Fertilizer Association, 2025 
World Steel Association, 2025 

Hydrogen 
policies 

Demand policies 

Includes grant, load and loan guarantees, tax 
incentives, carbon levies, sectoral 
quota/mandates/bans, administrative, fuel standard, 
public procurement, and hubs policies. 

IEA’s Policies and Measures Database, 2025 

Supply policies Includes grant, load and loan guarantees, fixed 
premium, tax incentives, and administrative policies. 

Standards and trade 
policies 

Includes guarantees of origin, definition/thresholds, 
regulation and design rules policies. 

Infrastructure policies Includes grant, planning, market governance, 
market access, safety, and blending policies. 

Supply chain policies Includes grant and tax incentives policies. 

Target policies Includes supply, cost, infrastructure, import/export, 
and industry policy targets. 

CCUS policies 
Includes enabling legislation and rules, grant, tax 
credit, loan, regulation of industry activities, strategic 
signalling and revenue support. 

IEA, 2023 

https://www.argusmedia.com/en
https://www.ifastat.org/databases
https://worldsteel.org/data/
https://www.iea.org/policies/about
https://www.iea.org/reports/ccus-policies-and-business-models-building-a-commercial-market
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Table A.2 Relative Importance of Enabling Factors in Assessing Regional Conditions 

Category Enabling factor Electrolysis 
projects 

CCUS 
projects 

Business 
environment 

Ease of doing business   
Industrial competitiveness   

Financing cost   

Energy 
infrastructure 

Electricity access and generation  - 

Natural gas infrastructure and demand -  
Access to low-emissions energy  - 

Status of hydrogen 
market 

Hydrogen demand   
Hydrogen polices   

Notes: The shading of icons indicates the level of importance from relatively low ( ) to high ( ), which are translated into 
weights for the enabling factor analysis. Relative importance levels have been evaluated based on expert judgement for 
each specific production route, and should not be compared between routes. 

Sources of information 
Where Argus Media is identified as the source of data or information published by 
the IEA, Argus makes no warranties, express or implied, as to the accuracy, 
adequacy, timeliness, or completeness of its data or IEA's presentation of that 
data, or its fitness for any particular purpose. Argus shall not be liable for any loss 
or damage arising from any party’s reliance or use of such data, and disclaims any 
and all liability related to or arising out of use of the data to the fullest extent 
permissible by law. Views or opinions set out in this report are not approved by or 
necessarily representative of the views or opinions of Argus Media. 

 

Abbreviations and acronyms 
ACER  Agency for Cooperation of Energy Regulators 
AI  artificial intelligence 
AEM   anion exchange membrane 
ALK   alkaline 
ASEAN  Association of Southeast Asian Nations 
ASME  American Society of Mechanical Engineers 
ATR   autothermal reforming 
AUD   Australian dollars 
AZEC  Asia Zero Emission Community  
BAT   best available technology 
BET  battery electric truck 
BF   blast furnace 
BOF  basic oxygen furnace 
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BoP   balance of plant 
CAD   Canadian dollar 
CAPEX  capital expenditure 
CBAM  Carbon Border Adjustment Mechanism 
CC  carbon capture 
CCfD   carbon contract for difference 
CCS   carbon capture and storage 
CCU  carbon capture and use 
CCUS  carbon capture, utilisation and storage 
CEF  Connecting Europe Facility 
CEM  Clean Energy Ministerial 
CfD  contract for difference 
CH4   methane 
CHPS   Clean Hydrogen Production Standard 
CIF  Climate Investment Fund 
CO2   carbon dioxide 
COMTRADE  United Nations Commodity Trade Statistics Database 
COP   Conference of the Parties 
DEVEX  development expenditures 
DFI  development finance institutions 
DME   dimethyl ether  
DKK   Danish kroner 
DoE   Department of Energy  
DRI   direct reduced iron 
EAF  electric arc furnace 
EBITDA earnings before interest, taxes, depreciation and amortisation 
ECA  export credit agency 
EIB   European Investment Bank 
EMDE   emerging markets and developing economies 
EOR  enhanced oil recovery 
EPC   engineering, procurement and construction 
EPEX  European Power Exchange 
EPO   European Patent Office 
ETS   Emissions Trading Systems 
EUR   Euro 
EV  electric vehicle 
FC   fuel cell 
FCET  fuel cell electric truck 
FCEV   fuel cell electric vehicle 
FEED   front-end engineering design 
FID   final investment decision 
FT   Fischer–Tropsch 
G20   Group of Twenty 
GBP   British pound 
GCF  Green Climate Fund 
GDP  Gross Domestic Product 
GHG   greenhouse gases 
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GHR   gas-heated reformer 
GHR   Global Hydrogen Review 
GoO   guarantee of origin 
H2   hydrogen 
H2-DRI  hydrogen-based direct reduced iron 
H2I   The Hydrogen Initiative 
HAR  Hydrogen Allocation Rounds 
HBI   hot briquetted iron 
HD   heavy-duty 
HRS   hydrogen refuelling station 
HS  Harmonized System 
HT   high throughput 
ICE   internal combustion engine 
ICCT  International Council on Clean Transportation 
IDB   Inter-American Development Bank 
IDC  Industrial Development Corporation 
IEC  International Electrochemical Commission 
IFC  International Finance Corporation 
IHTF  International Hydrogen Trade Forum 
IMO  International Maritime Organization 
INR   Indian rupees 
IPCC   Intergovernmental Panel on Climate Change 
IPCEI   Important Projects of Common European Interest 
IPF   International Patent Family 
IPHE  International Partnership for Hydrogen and Fuel Cells in the Economy 
IPO  initial public offering 
IRA   Inflation Reduction Act 
IRENA   International Renewable Energy Agency 
ISCC  International Sustainability and Carbon Certification 
ISO   International Organization for Standardization 
JOGMEG  Japan Organization for Metals and Energy Security 
JV  joint venture 
LTDA  Long-Term Decarbonization Auction 
LCOE  levelised cost of electricity 
LCOH  levelised cost of hydrogen 
LCV  light commercial vehicle 
LD   light-duty 
LH2   liquid hydrogen 
LNG  liquefied natural gas 
LOHC   liquid organic hydrogen carrier 
LPG   liquefied petroleum gas 
MD  medium-duty 
MeOH   methanol 
METI  Ministry of Economy, Trade and Industry  
MHI  Mitsubishi Heavy Industries 
MOTIE  Ministry of Trade, Industry and Energy 
MoU   Memorandum of Understanding 
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NASDAQ  National Association of Securities Dealers Automated Quotations 
NEA  National Energy Administration 
NG   natural gas 
NH3   ammonia 
NOK   Norwegian kroner 
NOx   nitrogen oxides 
NREL   National Renewable Energy Laboratory 
OEM  original equipment manufacturer 
OH  hydroxyl radical 
OHF  open hearth furnace 
OPEX   operating expenditure 
PCI   Projects of Common Interest 
PEM   proton exchange membrane 
PGO  product guarantee of origin 
PNRE  Pertamina New and Renewable Energy 
PV   photovoltaic 
RD&D   research, development and demonstration 
RED   Renewable Energy Directive 
RES   renewable energy source 
RFNBO  renewable fuels of non-biological origin 
RfP  Request for proposals 
SAF   sustainable aviation fuel 
SEDC  Sarawak Economic Development Corporation 
SIDF  Saudi Industrial Development Fund 
SIGHT  Strategic Interventions for Green Hydrogen Transition 
SMR   steam methane reforming 
SOEC   solid oxide electrolyser 
SOFC   solid oxide fuel cell 
SPV  special purpose vehicle 
STEPS  IEA Stated Policies Scenario 
TCO  total cost of ownership 
TPA  Third-party access 
TPI  Technology Performance Insurance 
TRL   technology readiness level 
UNFCCC United Nations Framework Convention on Climate Change 
UNIDO  United Nations Industrial Development Organization 
USD   United States dollars 
VAT   value added tax 
VC   venture capital 
VRE   variable renewable electricity 
WACC  Weighted average cost of capital 
WtW  well-to-wake 
ZNZ  zero or near-zero 
 
 



Global Hydrogen Review 2025 Annex 

PAGE | 284  I E
A.

 C
C 

BY
 4

.0
. 

Units 
A  ampere 
°C   degree Celsius 
bar   metric unit of pressure 
bcm   billion cubic metres 
DWT  deadweight tonnage 
EJ  exajoule 
g   gramme 
GJ   gigajoule 
GVW  gross vehicle weight 
GW   gigawatt 
GWh   gigawatt-hour 
GWh/yr  gigawatt-hours per year 
GWP  global warming potential 
GW/yr   gigawatts per year 
HHV  higher heating value 
inch   inch 
kg   kilogramme 
kg CO2-eq  kilogramme of carbon dioxide equivalent 
km   kilometres 
kt   kilotonnes 
ktpa   kilotonnes per annum 
kW   kilowatt 
mbpd  thousand barrels per day 
MBtu   million British thermal units 
MJ  megajoule 
Mt   million tonnes 
Mtpa  million tonnes per annum 
Mt CO2  million tonnes of carbon dioxide 
Mt H2-eq  million tonnes of hydrogen equivalent 
MW   megawatt 
MWth  thermal megawatt 
MW/yr  megawatts per year 
MWh   megawatt-hour 
Nm3   normal cubic metre 
PJ  petajoule 
ppb   parts per billion 
t   tonne 
t CO2   tonne of carbon dioxide 
t CO2-eq tonnes of carbon dioxide equivalent 
TEU  twenty-foot equivalent unit 
tpa  tonnes per annum 
TWh   terawatt-hour 
V  volt 
yr  year 
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