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Executive summary 

More than 3 years of war in Ukraine have left their mark on the energy sector. 
In the power sector, nearly 80% of the thermal generation and about two-thirds of 
the hydropower capacity have been damaged or destroyed, leading to a power 
deficit equal to about one-third of peak demand. Hydrogen demand was nearly 
1 Mtpa before the war, predominantly for ammonia production, with only about 
40 ktpa from refining. However, assets have since been damaged or occupied and 
demand has plunged by almost 80%. Steel output, which represents a potential 
new application for hydrogen, has dropped by almost two-thirds. 

Massive capital mobilisation is needed for reconstruction, but there is also 
a lot of bilateral support flowing to Ukraine. The cost of reconstruction was 
estimated to have reached USD 524 billion by December 2024. Transport 
infrastructure is estimated to require nearly USD 78 billion, industry and 
commerce another USD 64 billion, and core energy assets USD 68 billion. At the 
same time, by December 2024, nearly USD 430 billion of bilateral support had 
been committed for Ukraine, two-thirds of which has already been allocated. About 
half is for purposes other than humanitarian or military. The European Union and 
its member states have been the largest donors. 

Hydrogen could create jobs and revenue, but would require massive 
investment. Every 2.5 Mtpa of hydrogen production could generate annual 
revenues of USD 18-22 billion from exports and create up to 100 000 jobs, though 
nearly 70% of these jobs would be temporary. Deployment at this level would 
require an investment of USD 85-90 billion just for electrolysis and renewables. 
Tackling the cost of capital is key, since this investment would carry interest 
payments of USD 165-175 billion with a cost of capital at 15%, which could fall to 
be USD 55-60 billion at 5%. 

The macroeconomic environment presents challenges. At a macro level, 
nearly 15% of the population has left the country or been internally displaced, 
impacting labour availability for hydrogen projects. Inflation has fluctuated 
between 12% and 26%, and central bank interest rates have been at 10 to 25% 
affecting the cost of capital for hydrogen projects. In 2024, fiscal deficit reached 
nearly a quarter of Ukraine’s GDP (USD 180 billion) and public debt was equal to 
nearly 100% of GDP. 

Country risk and its impact on the cost of capital is the most important 
hurdle for hydrogen projects. Low-emissions hydrogen is a nascent sector, and 
scale-up faces barriers including the need to find off-takers to secure finance, the 
cost gap in comparison to production from unabated fossil fuels, and infrastructure 
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availability in certain locations. In Ukraine, however, country risk determines the 
overall cost of capital. Even before Russia’s full-scale invasion, the cost of capital 
was already above 12% for renewables, and even higher for hydrogen projects 
given the sector-specific risks. The country has already defaulted on its 
international debt and its government bonds rating is the lowest. 

Ukraine’s proximity to the European Union puts it at an advantage compared 
to other countries aiming to export to the region. Ukraine shares a border with 
the European Union and is already interconnected with multiple gas pipelines. 
This proximity would enable low-cost transport for hydrogen and its derivatives by 
pipeline, which is cheaper than transport by ship. The short distance also allows 
transport by rail for outputs such as steel products. This could make a difference 
when comparing the delivered cost of products from different regions. 

Large growth in demand for hydrogen in the European Union and the 
Carbon Border Adjustment Mechanism (CBAM) could trigger deployment. 
Hydrogen demand in the European Union was nearly 8 Mtpa in 2023, which could 
increase to 15-73 Mtpa by 2050 depending on the evolution of different 
technologies and applications for hydrogen. Legislation already in place will spur 
demand for low-emissions hydrogen, and the CBAM could help further close the 
cost gap with unabated routes. Hydrogen, fertilisers (ammonia) and steel are all 
covered by the CBAM. Before the war, one-third of Ukraine’s steel exports were 
to the European Union. Completion of the EU accession process would mean that 
the EU Emissions Trading System (ETS) would also provide an incentive for low-
emissions domestic production. 

Ukraine has vast gas infrastructure, but further efforts to assess its use for 
hydrogen are needed. Existing gas interconnection pipelines to the 
European Union have a technical capacity equivalent to nearly 33 Mtpa. Some of 
the capacity might be used for biomethane, but it is large enough to potentially 
accommodate hydrogen and biomethane. Ongoing efforts to develop hydrogen 
corridors through Slovakia to Germany and Austria currently need off-takers to 
move forward. In addition, Ukraine could store about 2.4 Mtpa of hydrogen in 
existing underground gas sites. Both pipelines and underground storage have 
strong potential, but more assessment of their suitability for hydrogen is needed. 

Ukraine has a rich renewable potential; its wind and solar technical potential 
is 1 300-2 300 TWh/yr. If this potential was used for hydrogen production, this 
would be equivalent to 18-38 Mtpa. The average renewable resource quality in 
Ukraine is better than in Germany, which represents a large share of EU hydrogen 
demand and is expected to continue to do so in the future. This could translate 
into a cost advantage once the cost of capital comes down. However, nearly half 
of the renewable potential is in oblasts that are either currently occupied or  
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contaminated with land mines. Water availability might pose difficulties in regions 
with the highest potential, given the combination of low water supply and 
competing uses. 

Efforts in the short term should focus on renewables. This is first and foremost 
because of the need to restore energy supplies. But there would be positive 
spillover effects to hydrogen, as this would serve to de-risk renewable deployment, 
which is a key cost component for renewable hydrogen production. It would also 
enable a progressive de-risking approach for different parts of the supply chain, 
allowing investors to gain confidence with renewables instead of trying to finance 
integrated projects from the start. 

Addressing the high country risk premium is critical in the short term. This 
could leverage the bilateral support announced to mobilise capital, but it could also 
build upon grants from development finance institutions. Coverage against war 
risk in Ukraine is already provided by the World Bank. There are also examples of 
national development finance institutions and Export Credit Agencies providing 
political risk insurance. Part of this capital with preferential terms for the debt could 
also be used to deploy smaller projects that serve as lighthouse projects to build 
experience for subsequent deployment. A limitation for hydrogen is that this capital 
source is usually targeted at critical areas. 

Hydrogen development requires a gradual approach, starting with 
assessment. Once the war ends, while initial actions will rightly focus on restoring 
energy security, there will be an opportunity to lay the foundations for the hydrogen 
market. Preparatory work is needed, covering aspects from the legislative 
framework to technical standards, capacity building, techno-economic studies, 
and suitability of the gas infrastructure, among other topics. This first stage would 
serve to inform next steps, but also provide time for a more stable environment to 
emerge, with greater visibility on the post-war economy. 

Development finance might be sufficient to support demonstration projects, 
but private capital will be needed for large-scale deployment. Support for 
demonstration projects can build domestic experience that would be useful for the 
private sector and provide input for the government on regulation and potential. 
However, given the high investment needed for renewable hydrogen projects, 
large projects will require private capital. For this, investors need a long track 
record of projects that provides confidence on project cash flow and returns. This 
not only requires lighthouse projects, but sustained performance over time. 
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Introduction 

Ukraine’s energy sector has been severely affected by the Russian Federation’s 
(hereafter, “Russia’s”) full-scale invasion. The power sector went from having a 
large capacity surplus before the war to a power deficit in 2024 due to Russia’s 
attacks. This has focused attention on energy security and restoring the reliability 
of supply. Hydrogen demand from conventional applications in refining and 
ammonia has also plunged, falling 80%, with most of these assets in southern 
Ukraine, where the frontline and occupied areas are located. Overall economic 
damage from the war has been extensive, with reconstruction costs previously 
estimated by the World Bank at more than USD 0.5 trillion – three times Ukraine’s 
GDP. Reconstruction in the energy sector represents about 14% of this. 

Reconstruction offers an opportunity to build back better. In the energy system, 
this means strengthening energy security and reducing GHG emissions. The use 
of low-emissions hydrogen in industrial applications can provide the dual benefit 
of lowering GHG emissions and supporting the development of an export-oriented 
industrial base that can help to restore the fiscal balance. This is a long-term 
opportunity that will not happen overnight, but efforts need to start today to 
progressively build the experience required to enable such an industry in the 
future. Balancing these forward-looking enabling actions with the pressing short-
term needs of restoring reliability of supply and satisfying the basic needs of the 
population will be crucial. Furthermore, low-emissions hydrogen is a relatively 
nascent sector that is itself facing challenges. The situation in Ukraine adds 
additional risks to deployment, which will require special attention to de-risking 
instruments and potential capital sources like international aid (in the early stages). 

In this report, we focus on hydrogen production from renewables, given Ukraine’s 
large potential and its higher quality when compared to the rest of Europe. Gas 
production in Ukraine is only just sufficient to satisfy domestic demand, so 
producing hydrogen from natural gas with carbon capture, utilisation and storage 
(CCUS) would mean that additional gas imports are needed. Ukraine also has 
vast experience with nuclear, which represents more than half of its electricity 
generation. However, no reactors have been built since 2004, there are no recent 
cost estimates, and – even with optimistic assumptions – hydrogen production 
costs from nuclear could be in the range of USD 3.6-5.3/kg H2. This pathway is 
therefore only touched upon briefly.  

The report identifies the actions required across four pillars (physical assets, 
regulation, financing and cross-cutting areas) and three time horizons (covering 
from 2 to 20 years), in order to provide a roadmap to enable the renewable 

https://www.iea.org/reports/global-hydrogen-review-2024
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hydrogen opportunity. These actions build upon best practices seen in other 
countries, but will require continual reassessment to adapt to the evolving situation 
in Ukraine. 

This report complements recent IEA analysis for Ukraine. Ukraine’s Energy 
Security and the Coming Winter focuses on the short term, laying out ten energy 
actions to reinforce national energy security, with a focus on the winter of 2024. 
The Empowering Ukraine Through a Decentralised Electricity System report 
provides a bridging perspective across time horizons, by identifying actions from 
now until 2030. This report complements existing analysis by providing a long-
term perspective on the low-emissions hydrogen opportunity that is grounded in 
actions over the short and medium term, with a scope that extends beyond the 
power sector. 

https://www.iea.org/reports/ukraines-energy-security-and-the-coming-winter
https://www.iea.org/reports/ukraines-energy-security-and-the-coming-winter
https://www.iea.org/reports/empowering-ukraine-through-a-decentralised-electricity-system
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Taking stock of the effect of war 

Highlights 

 The assets of many hydrogen users have been destroyed since Russia's full-
scale invasion of Ukraine in February 2022, causing demand to plunge by 80%. 
Ukraine’s only operational refinery was severely damaged in 2022. Steel output 
has dropped by nearly two-thirds due to damage, occupation, logistical costs 
and electricity scarcity. Nevertheless, there is potential for future hydrogen 
demand in export-oriented sectors; prior to Russia’s invasion, 40% of Ukraine’s 
fertiliser output, 46% of its agricultural output and 67% of steel were exported. 

 Power generation capacity has plummeted since Russia’s invasion. Nearly 80% 
of the thermal generation and about two-thirds of the hydropower capacity have 
been affected, leading to a power deficit equal to about one-third of peak 
demand. This is despite industrial electricity demand having halved over the 
same period and residential demand falling by about 20%. 

 Ukraine was a net gas importer prior to the invasion, and served as a transit 
country for gas from Russia to the European Union. In 2024, local demand was 
largely met with domestic production. The gas network’s export capacity of 
146 bcm stopped being used at the end of 2024, when Russia’s transit contract 
expired. Ukraine has an underground gas storage capacity of 32 bcm. 

 The weighted average cost of capital (WACC) was 12% for solar PV and 
onshore wind before Russia’s invasion. The country risk premium is estimated 
at more than 15%, which could nearly triple hydrogen production costs 
compared to a mature market. 

 Ukraine’s population has fallen by 15% since 2022, with indications that 50-80% 
of people leaving the country are highly educated, and that three-quarters of 
employers are facing staff shortages. Inflation peaked at 26% in 2022 and, while 
it has since decreased to 13%, it could rise again with reconstruction funding. 
Domestic currency has been devalued by 50% since 2022. These wider 
macroeconomic risks will undoubtedly affect hydrogen projects. 

 The cost of reconstruction in the energy sector has been previously estimated 
at USD 68 billion (40% of 2024 GDP), a fraction of the nearly USD 0.5 trillion 
required for reconstruction. Public debt reached nearly 100% of GDP at the end 
of 2024, with 80% in foreign currency. Ukraine is expected to have a fiscal deficit 
until at least 2033, and external finance will be needed. Foreign grants and 
development finance may be a source of public support for hydrogen projects, 
but will face competing needs for restoration elsewhere in the energy system. 
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Russia’s full-scale invasion of Ukraine has had a profound impact on the country. 
This chapter takes stock of the effects related to hydrogen, including demand for 
existing applications like ammonia and refining, as well as considering how future 
applications like steel have been affected. It also looks at the power sector, given 
that renewable hydrogen production needs a mature and well-functioning power 
market, and gas infrastructure that could potentially be used for hydrogen, 
reducing costs. It considers the macroeconomy, which can affect the cost of 
capital, labour available for hydrogen projects, and project costs. Finally, it looks 
at the financial situation of the country, since this affects the capital sources that 
could be used for hydrogen projects, as well as the perceived risks that affect the 
cost of capital. 

Hydrogen 
Fertiliser, Ukraine’s largest source of hydrogen demand, consumed about 
1 Mtpa before Russia’s invasion, but output has since fallen almost 80%. 
Natural gas demand for hydrogen production fluctuated between 3 and 6 bcm 
before the war (compared to a total gas demand of about 20 bcm), which would 
be equivalent to 675-1350 ktpa of hydrogen, with an average of roughly 1 Mtpa. 
Ammonia was produced in five facilities. One of them (Severodonetsk), 
representing nearly a quarter of the national technical capacity, was severely 
damaged during attacks in 2022 and taken out of operation. The remaining plants 
are operating at a largely reduced throughput and even periodically. Overall, total 
fertiliser output was down almost 80% by August 2024 compared to 2021. 

Exports of nitrogen-based fertilisers account for 40% of domestic 
production and 50% of agricultural output is exported, meaning domestic 
demand is not the primary driver of renewable ammonia. Both the fertiliser 
and agriculture industries are heavily export-oriented. Agricultural output has 
increased in the past two decades, using a larger share of domestic fertiliser 
production. In the early 2000s, fertiliser exports were approximately equivalent to 
85% of domestic production, but by 2021 that fraction had decreased to 40%. In 
2021, agriculture represented almost 11% of GDP and 41% of exports. The five 
largest exported products were sunflower oil, maize, wheat, rapeseed oil and 
barley. Nearly half of the production value was exported. In 2023, 40% less 
agricultural land was being farmed and the contribution of agriculture to GDP had 
decreased to 7%. Land mines and undetonated ammunition mean that about 30% 
of the land will require surveying before use for agriculture. In 2024, the availability 
of agricultural land has improved compared to at the beginning of the invasion, but 
is still 20% down from pre-invasion levels. 

 

https://www.mev.gov.ua/sites/default/files/field/file/vodneva-strategiya17.05.2024.pdf
http://www.ostchem.com/files/e65a4ddc31e15d16b0e4a87ec6b97402.pdf
https://ceobs.org/ukraine-damage-map-sievierodonetsk-azot-association/
https://ceobs.org/ukraine-damage-map-sievierodonetsk-azot-association/
https://paxforpeace.nl/wp-content/uploads/import/2023-04/PAX_Ukraine_agro.pdf
https://interfax.com/newsroom/top-stories/104855/
https://groupdf.com/en/press-center/news/in-2022-ostchem-enterprises-produced-1-75-million-tons-of-mineral-fertilizers/
https://www.fao.org/faostat/en/#data/RFN
https://data.worldbank.org/indicator/NV.AGR.TOTL.ZS?locations=UA
https://fas.usda.gov/sites/default/files/2022-04/Ukraine-Factsheet-April2022.pdf
https://www.europarl.europa.eu/RegData/etudes/BRIE/2024/760432/EPRS_BRI(2024)760432_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/BRIE/2024/760432/EPRS_BRI(2024)760432_EN.pdf
https://paxforpeace.nl/wp-content/uploads/import/2023-04/PAX_Ukraine_agro.pdf
https://data.worldbank.org/indicator/NV.AGR.TOTL.ZS?locations=UA
https://csis-website-prod.s3.amazonaws.com/s3fs-public/2023-12/231211_Welsh_Ground_Up.pdf?VersionId=BUrHUJ7BFmJlj8b9bpFot80BRDUvkgzu
https://kse.ua/wp-content/uploads/2024/04/UA-Outlook-2024-2033-Report-1.pdf
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Hydrogen demand for refining was about 40 ktpa before Russia’s invasion 
but has since come to a standstill. Domestic oil production was falling well 
before the war. Between 2006 and 2020, domestic oil production fell by more than 
40%. Similarly, net crude oil imports had decreased by more than 90% from their 
peak in 2003. This led to multiple refinery closures, leaving only one refinery 
(Kremenchuk) in operation before 2022, with two-thirds of its supply coming from 
domestic production and the rest from Azerbaijan and the United States. Refining 
throughput was about 80 kb/d. Based on the global average of hydrogen 
consumption for refineries, 1  this would lead to a hydrogen demand of about 
40 ktpa. In 2022, the refinery was attacked with missiles on four occasions, leading 
to extensive damage. Looking to the future, Ukraine’s state-owned oil company, 
Ukrnafta, is aiming to increase domestic oil production by 50% by 2028. 

Steel production has decreased by almost two-thirds since Russia’s full-
scale invasion. No pure hydrogen is used today in the steel sector in Ukraine, 
but this sector provides one of the largest opportunities for use of low-emissions 
hydrogen and exports. Before the invasion, steel was an important sector of the 
economy, representing nearly 10% of GDP and a quarter of the exports, as well 
as 15% of the national CO2 emissions. In 2013, there were 12 plants operating 
with a capacity of 42 Mt and production of 33 Mt. After the occupation of the 
Donetsk and Luhansk regions, this had fallen to 9 plants and 21.4 Mt of production 
by 2021, with total exports of 15.7 Mt, of which nearly one-third was to the 
European Union.2 In 2022, two plants in Mariupol representing nearly half of the 
national output were destroyed. The plant in Luhansk (5.4 Mt) is in occupied 
territory, and has been out of operation since 2022. By late 2024, there were only 
6 plants left, with a production of 6 Mt (see Figure 1.1). This is still larger than 
domestic demand, which reached 3.3 Mtpa in 2023. Nearly two-thirds of the 
remaining production capacity uses blast furnaces, about 22% uses open hearth 
furnaces and 13% uses electric arc furnaces. Before the invasion, about two-thirds 
of the products were exported, and in 2023, exports still accounted for almost half 
of the production. The remaining steel plants are within 125 km of the occupied 
areas. 

 

 

 

 
1 This can vary widely depending on the refinery configuration. The sulphur content affects the hydrogen demand for 
hydrotreating, the share of heavy products and product mix affect the demand for hydrocracking, and a catalytic reforming 
unit can decrease the net hydrogen demand. 
2 The top 5 non-EU countries in 2021 were Türkiye, the United States, Russia, The People’s Republic of China (hereafter, 
“China”) and the United Kingdom, accounting for about a third of the exports. The other third is distributed among several 
countries. 

https://ceobs.org/joint-investigation-into-the-attacks-on-kremenchuk-oil-refinery-ukraine/
https://euromaidanpress.com/2024/07/08/ukraine-aims-to-boost-oil-production-by-50-amid-ongoing-war/
https://magazine.primetals.com/2023/10/12/ukrainian-government-and-primetals-technologies-to-support-the-recovery-of-the-steel-industry/
https://www.europarl.europa.eu/RegData/etudes/BRIE/2024/747858/IPOL_BRI(2024)747858_EN.pdf
https://www.sciencedirect.com/science/article/pii/S0959652624021231
https://gmk.center/wp-content/uploads/2024/05/2024_Econ_Steel-impact.pdf
https://worldsteel.org/data/world-steel-in-figures-2022/#world-steel-trade-in-products-1975-to-2021
https://www.cepii.fr/CEPII/en/bdd_modele/bdd_modele_item.asp?id=37
https://www.gem.wiki/Azovstal_Iron_&_Steel_Works
https://www.gem.wiki/Alchevsk_Metallurgical_Plant
https://english.gordonua.com/news/newsenglish/alchevsk-iron-and-steel-works-stopped-work-russian-invaders-took-employees-to-the-front-regional-military-administration-1628027.html
https://kyivindependent.com/ukraines-steel-industry-is-maxed-out
https://gmk.center/wp-content/uploads/2024/04/2024_Ukr-GMK_Rebuild.pdf
https://gmk.center/wp-content/uploads/2024/04/2024_Ukr-GMK_Rebuild.pdf
https://www.trade.gov/data-visualization/ukraine-steel-exports-report
https://gmk.center/en/posts/how-the-ukrainian-steel-industry-passed-the-test-of-strength-in-2023/
https://gmk.center/en/posts/how-the-ukrainian-steel-industry-passed-the-test-of-strength-in-2023/
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Figure 1.1 Effect of Russia’s full-scale invasion on hydrogen demand and water 
supply 

 
IEA. CC BY 4.0. 

Hydrogen production was primarily serving export-oriented industries prior to Russia’s 
invasion and demand has plummeted ever since. 

Iron ore exports in 2024 were 25% lower than in 2021 but iron ore is not a 
constraint on domestic steel production. Iron ore exports were 44 Mtpa in 
2021. In 2022, Russia imposed a blockade on Ukrainian ports in the Black Sea, 
which led iron ore exports to decrease by nearly 45%. The volume of exports 
reached its nadir in 2023 with 17.7 Mtpa, but exports recovered in 2024 to nearly 
34 Mtpa. These are only the exports: As a reference, the 6 Mtpa of domestic steel 
production would require about 10 Mtpa of iron ore, 3  meaning that if steel 
production recovers to its pre-war levels, iron ore production would be more than 
enough to meet the needs of the domestic market. 12% of Ukraine’s iron ore 
reserves are in occupied territory. 

The war has severely affected water supply, with potential implications for 
hydrogen production. Nearly a third of the national water resources (equivalent 

 
3 Assuming an iron content of 62% which corresponds to the global average. This could be different for Ukraine, but it is used 
to give an order of magnitude. 

https://www.hellenicshippingnews.com/ukraine-almost-doubles-iron-ore-exports-as-it-regained-access-to-black-sea-ports/
https://odessa-journal.com/in-2023-ukraine-earned-40-less-from-the-export-of-iron-ore
https://gmk.center/en/news/ukraine-reduced-iron-ore-exports-by-9-2-m-m-in-january/
https://www.mdpi.com/2071-1050/13/2/834
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to 55 000 million m3) is held in reservoirs to ensure continuous water supply. In 
June 2023, the Kakhovka reservoir, with a capacity of 18 200 million m3, was 
destroyed, with the reservoir losing 80% of its volume within a few days. The result 
was flooding in an area equivalent to about 2% of the country’s land, a reduction 
in drinking water quality affecting about 6 million people, and restricted access to 
water for sanitary purposes affecting more than 13 million people. It also disrupted 
the flow through the Dnipro-Kryvyi Rih canal, which provided cooling water to 
power and industrial plants in the Dnipro and Zaporizhzhia oblasts (regions). 
Water supply networks, pumping stations, wells, and treatment plants have been 
severely affected in the Donetsk, Luhansk and Kharkiv oblasts. 

Power 
Russia’s full-scale invasion has led to a drastic decrease in available 
capacity leading to power deficit. Before the invasion, the total installed 
generation capacity was 55 GW, but only 44 GW was available due to 
infrastructure being underfunded and outdated. Attacks during the war have 
affected nearly 80% of thermal generation capacity and about two-thirds of the 
hydropower capacity, leading to a sharp decrease to about 15 GW ahead of the 
heating season in 2024. In contrast, peak demand during winter can reach 
18.5 GW, leading to a power deficit of at least 3.5 GW (see Figure 1.2), which 
could increase further with the continual attacks. 

Figure 1.2 Balance between electricity supply and demand before and after Russia’s 
full-scale invasion, 2021 and 2024 

 
IEA. CC BY 4.0. 

A surplus of nearly 23 GW pre-invasion had been replaced by a power deficit of 3.5 GW by 
the winter of 2024. 
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https://www.sciencedirect.com/science/article/pii/S246831242400018X
https://ceobs.org/ukraine-damage-map-kakhovka-hydropower-plant/
https://www.wwf.eu/?7631816/Ukraine-needs-a-sustainable-climate-and-nature-positive-reconstruction-New-WWFBCG
https://kse.ua/wp-content/uploads/2024/05/Eng_01.01.24_Damages_Report.pdf
https://www.iea.org/reports/empowering-ukraine-through-a-decentralised-electricity-system
https://www.iea.org/reports/empowering-ukraine-through-a-decentralised-electricity-system
https://www.iea.org/reports/ukraines-energy-security-and-the-coming-winter
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Renewables have been more resilient, aided by campaigns to repair war 
damage. In 2021, installed wind and solar capacity totalled about 9.5 GW. Since 
the beginning of the war there have been continuous attacks and subsequent 
reparation campaigns, which makes this capacity highly dynamic. For example, 
solar PV capacity was 8 GW in 2021, decreasing to 5.6 GW in 2024, but new 
capacity of 800-850 MW was installed in 2024. For wind, over 90% of the pre-war 
capacity of 1.7 GW has been occupied, damaged or destroyed, although capacity 
expanded by nearly 240 MW in 2023 and 20 MW in 2024. Thermal generation has 
seen large decreases with no new capacity coming online. Coal generation 
capacity stood at nearly 13 GW before the invasion. This was targeted by attacks, 
and only 3 GW remained in 2024. With this shift in installed capacity, the share of 
renewable generation was 13% in 2024, decreasing from 16% in 2021.4 This is 
despite 30% of solar capacity being disabled or occupied in early 2024. 

Ukraine has four nuclear power plants (13 GW), with the largest (5.7 GW) 
currently in occupied territory and in cold shutdown. Nuclear generated 55% 
of Ukraine’s electricity before the war. All of Ukraine’s plants use pressurised water 
reactors using Russian technology, and 12 of the 15 operating reactors were built 
in the 1980s.5 Two of the operating plants are in the west of the country and two 
in the south. The largest plant (Zaporizhzhia), which has six reactors with a total 
net capacity of 5.7 GW, was attacked in March 2022 and has been under Russian 
control ever since. During this time, there have been several incidents with 
implications for nuclear safety, including the loss of the main cooling water supply 
(associated with the destruction of the Kakhovka dam), a large fire in one of the 
cooling towers, direct drone attacks and complete loss of off-site power. The 
International Atomic Energy Agency has stated that the Seven Pillars of nuclear 
safety have been fully or partially compromised in the past 2 years. The plant 
stopped generating electricity for the national grid in September 2022 and all the 
reactors transitioned to cold shutdown in April 2024.6 

The interconnection capacity with the European Union has been expanded, 
reaching 2.1 GW in December 2024. Interconnection can provide resilience 
when generation is not enough. The Ukrainian system was well interconnected 
even before Russia’s invasion, with 31 cross-border lines connecting to Poland 
(up to 1 210 MW), Hungary (650 MW), Slovakia (400 MW), Romania (400 MW) 
and Moldova (400 MW). In March 2022, the continental European electricity grid 
and the grids of Ukraine and Moldova were synchronised. Since then, exports to 
Ukraine have been steadily increasing, reaching 2.1 GW in December 2024, 
which is equivalent to 11% of the peak demand. There are no signs of this capacity 

 
4 The share of coal remained relatively stable at 19-20% and the share of nuclear generation increased from 58% to 60%. 
5 Two reactors in Khmelnytskyi have been under construction since 1989 (with postponements and cancellations in the 
meantime) with completion progress of 75% and 28%. Chernobyl has four reactors, of which three have been shut down for 
decommissioning and one was severely damaged in the nuclear accident in 1986 and is confined.  
6 In September 2022, five reactors were transitioned to cold shutdown and one was kept in hot shutdown for district heating. 

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2024/Mar/IRENA_RE_Capacity_Statistics_2024.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/Apr/IRENA_RE_Capacity_Statistics_2022.pdf
https://www.greenpeace.de/publikationen/20240607-greenpeace-report-BE-solar-marshallplan-ukraine-encv.pdf
https://www-pv--tech-org.webpkgcache.com/doc/-/s/www.pv-tech.org/ukrainian-businesses-drove-850mw-of-new-pv-capacity-in-2024/
https://www.euronews.com/green/2024/02/24/ukraines-green-fightback-wind-farms-solar-schools-and-counting-the-cost-of-destroying-natu
https://interfax.com/newsroom/top-stories/108511/
https://www.euronews.com/green/2024/02/24/ukraines-green-fightback-wind-farms-solar-schools-and-counting-the-cost-of-destroying-natu
https://world-nuclear.org/information-library/country-profiles/countries-t-z/ukraine
https://world-nuclear.org/information-library/country-profiles/countries-t-z/ukraine
https://www.iaea.org/sites/default/files/documents/two-years-of-iaea-continued-presence-at-the-zaporizhzhaya-nuclear-power-plant.pdf
https://www.iaea.org/sites/default/files/documents/two-years-of-iaea-continued-presence-at-the-zaporizhzhaya-nuclear-power-plant.pdf
https://www.iaea.org/newscenter/pressreleases/update-223-iaea-director-general-statement-on-situation-in-ukraine
https://www.energy-community.org/dam/jcr:9d144283-08ed-410b-a670-7fd15c7782f2/1_NECP_EnMachineTranslation.pdf
https://greendealukraina.org/assets/images/reports/grid-solutions-ukraine-next-winters-final.pdf
https://www.kmu.gov.ua/en/news/ukraina-ta-ies-domovylysia-pro-zbilshennia-mozhlyvosti-importu-elektroenerhii-vzymku-do-21-hvt
https://greendealukraina.org/assets/images/reports/grid-solutions-ukraine-next-winters-final.pdf
https://www.iea.org/reports/empowering-ukraine-through-a-decentralised-electricity-system
https://world-nuclear.org/information-library/country-profiles/countries-t-z/ukraine
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being affected by the war; on the contrary, capacity has actually expanded since 
2022 with the restoration of the interconnector with Poland having been completed 
in April 2023. There are already projects to expand the capacity with Slovakia 
(1 GW) and Romania (1-1.2 GW). 

Industrial power consumption has halved, and residential demand has fallen 
by 20%. Large-scale centralised facilities have been targeted by attacks, leading 
to a sharp decrease in industrial demand. The decrease in the residential sector 
demand is a result of around 15% of the population fleeing the country since the 
beginning of the war. Energy efficiency has also contributed to the lower demand. 
Notably, a European Union-funded programme to replace incandescent bulbs with 
LED bulbs lead to a demand reduction of as much as 1 GW. The residential sector 
now represents the largest share of electricity demand, despite the 20% decrease. 

There is a carbon pricing scheme covering power and industry with a price 
level of less than USD 1/t CO2. A carbon tax for stationary sources in the 
industry, power and buildings sectors has been in place since 2010 and covers 
nearly 40% of national GHG emissions. The price level was increased from 
USD 0.02/t CO2 in 2019 to USD 1/t CO2 in 2021, and in 2024, the price level was 
close to USD 0.77/t CO2 (mostly due to fluctuation in the exchange rate). In 2021, 
Ukraine announced plans to launch an Emissions Trading System (ETS) in 2025 
to complement the carbon tax. The effect of the EU Carbon Border Adjustment 
Mechanism (CBAM), as well as fiscal implications, will need to be considered 
when designing the domestic ETS and price targets. Ukraine is looking for a 
temporary waiver from the EU CBAM until the domestic ETS is in place. 

Gas 
Ukraine’s vast gas infrastructure is being underutilised and has potential for 
repurposing for hydrogen. Ukraine has a gas transmission network of nearly 
38 000 km with a design capacity of 281 bcm and an export capacity to the 
European Union of 146 bcm. In 2021, Russian gas exports to the European Union 
were 155 bcm, of which 40 bcm transited through Ukraine. Transit flows through 
Ukraine were as high as 90 bcm in 2019. In 2024, gas transit had shrunk to 15 bcm 
and following the expiration of Russia’s gas transit contract with Ukraine, the flow 
declined to zero from 2025 (see Figure 1.3). The technical feasibility of 
repurposing gas pipelines to hydrogen is still unclear and requires further analysis. 
Ukraine has 13 underground storage sites with a working capacity of 32 bcm. 
Nearly 80% of this capacity is in Western Ukraine and more than 90% was still in 
operation in 2024. In 2023, the stored volume was 2.5 bcm, but this dropped to 
nearly zero in 2024. Russia repeatedly targeted underground storage sites in 
2024. The storage capacity is being used by foreign traders to provide additional 
margin for the 2024/2025 winter season.  

https://biz.liga.net/en/all/tek/novosti/ukraina-i-polsha-soedinili-energosistemy-dopolnitelnoy-liniey-elektroperedachi
https://www.energy-community.org/regionalinitiatives/infrastructure/PLIMA/EL07.html
https://www.energy-community.org/regionalinitiatives/infrastructure/PLIMA/EL09.html
https://www.eeas.europa.eu/delegations/ukraine/light-bulb-exchange-programme-concluded-while-eu-continues-strengthen-its-support-ukraine%E2%80%99s-energy_en?s=232
https://iea.blob.core.windows.net/assets/cec49dc2-7d04-442f-92aa-54c18e6f51d6/UkrainesEnergySecurityandtheComingWinter.pdf
https://zakon.rada.gov.ua/laws/show/2755-17/ed20230903#Text
https://www.oecd.org/content/dam/oecd/en/topics/policy-sub-issues/carbon-pricing-and-energy-taxes/carbon-pricing-ukraine.pdf
https://climateactiontracker.org/countries/ukraine/2021-12-13/policies-action/
https://saf.org.ua/en/news/1974/
https://icapcarbonaction.com/en/news/ukraine-plans-launch-ets-2025
https://gmk.center/en/opinion/ukraine-is-already-negotiating-an-exemption-from-the-cbam/
https://www.energycharter.org/fileadmin/DocumentsMedia/Occasional/2023_03_28_UA_sectoral_evaluation_and_damage_assessment_Version_VIII.pdf
https://iea.blob.core.windows.net/assets/1af70a5f-9059-47b4-a2dd-1b479918f3cb/A10-PointPlantoReducetheEuropeanUnionsRelianceonRussianNaturalGas.pdf
https://www.bruegel.org/dataset/european-natural-gas-imports
https://iea.blob.core.windows.net/assets/fa115714-f9f8-4727-8520-5e8b5ca265ad/GlobalGasSecurityReview2024.pdf
https://iea.blob.core.windows.net/assets/fa115714-f9f8-4727-8520-5e8b5ca265ad/GlobalGasSecurityReview2024.pdf
https://www.energycharter.org/fileadmin/DocumentsMedia/Occasional/2023_03_28_UA_sectoral_evaluation_and_damage_assessment_Version_VIII.pdf
https://www.energycharter.org/fileadmin/DocumentsMedia/Occasional/2023_03_28_UA_sectoral_evaluation_and_damage_assessment_Version_VIII.pdf
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/natural-gas/020525-ukraines-gas-storage-operator-ukrtransgaz-eyes-more-foreign-capacity-use
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Ukraine is a natural gas importer with relatively small domestic gas 
production. Gas demand was shrinking even before the war, from 75 bcm in 2000 
to 30 bcm in 2020.7 In the decade prior to the invasion, domestic production had 
remained relatively stable at 20 bcm, so while the net trade improved over time, 
one-third of the gas demand was satisfied with imports (from Russia until 2014 
and from the European Union afterwards). After the invasion, gas demand 
dropped by a third to 20 bcm and production fell by 6% to 18.5 bcm, with similar 
numbers expected for 2024. With this level of demand, domestic proved reserves 
would be enough to maintain production for 60 years, but additional investment 
would be needed to increase production in order to satisfy potential gas demand 
for hydrogen production. Ukraine imported its first liquefied natural gas (LNG) 
cargo from the United States in December 2024 and imported 0.8 bcm in 
February-March 2025 from the European Union (by pipeline). Ukraine’s 
government expects that imports of at least 1 bcm will be needed in 2025. 

Figure 1.3 Capacities and flows of the gas system before and after Russia’s full-scale 
invasion 

 
IEA. CC BY 4.0. 

Ukraine’s gas system has an export capacity of 146 bcm to the European Union, which is 
now idle after gas transit through Ukraine from Russia stopped in 2025. 

Cost of capital 
Cost of capital can be decomposed into cost of debt and cost of equity. Both can 
be further split into risk-free rate (the interest rate paid for securities in a low-risk 
market, usually the United States), the country risk (which is composed of political 
and macroeconomic risks), the sector risk (e.g. renewables, steel), and the 
technology risk (related to technology maturity, supply chain, construction and 
operation). For the cost of equity, one common input parameter is the volatility of 

 
7 These are annual values. Winter demand was 2-2.8 times higher than gas production pre-war. 
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https://iea.blob.core.windows.net/assets/cec49dc2-7d04-442f-92aa-54c18e6f51d6/UkrainesEnergySecurityandtheComingWinter.pdf
https://english.nv.ua/business/ukraine-boosts-gas-production-by-2-2-in-2024-hitting-19-12-billion-cubic-meters-50479061.html
https://kyivindependent.com/ukraine-receives-1st-shipment-of-us-lng/
https://kyivindependent.com/ukraine-loses-up-to-40-of-gas-production-due-to-russian-attacks-reuters-reports/
https://interfax.com/newsroom/top-stories/109605/
https://kyivindependent.com/ukraine-loses-up-to-40-of-gas-production-due-to-russian-attacks-reuters-reports/
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the equity market, which is usually approximated with the trends of the overall 
stock market index. However, in the case of Ukraine, the stock market has been 
closed since February 2022, so there is no indication of market volatility. This 
section touches upon how recent events have affected some of these factors. 

The WACC was already above 10% in real terms before Russia’s full-scale 
invasion with significant effects for the cost of hydrogen. The International 
Renewable Energy Agency (IRENA) reported a WACC of almost 10% for solar PV 
and onshore wind in real after-tax terms for 2021, based on real project data with 
an average of 12.2% for 2019-2021.8 Considering that inflation was 10% in 2021, 
this would be equivalent to 20% in nominal terms. In comparison, the WACC for 
both solar PV and onshore wind in a mature market like Germany was 1.3% in 
2021. These values are for renewables, and hydrogen projects notably carry 
additional risks related to technology, market maturity and offtake, among others. 
These are considered as a fixed premium in Figure 1.4, but could be expected to 
weaken the case for hydrogen production in Ukraine, given the current lack of 
domestic offtake and limited experience with the technology. This WACC 
differential could lead to a 55% higher cost of renewable hydrogen production 
when compared to Germany,9 which makes the case for hydrogen deployment 
more difficult. In absolute terms, this means an increase from USD 5.1/kg to 
USD 8/kg (see Figure 1.4). This is significant, considering that the production cost 
for hydrogen from unabated gas in Europe was at around the same level – 
USD 3/kg10 – in December 2024. The conditions that enabled such a low WACC 
for Germany, including low interest rates, might not return any time soon. 
Nevertheless, this shows the wide gap between Ukraine and a potential market 
for its hydrogen exports, such as Germany. Most of this differential is driven by 
the country risk, which was already high before Russia’s full-scale invasion. If 
Ukraine can reach the same WACC level as targeted markets (e.g. through 
development finance, discussed in Chapter 3. “Unlocking the opportunity – A 
roadmap for action”), then the levelised cost of hydrogen could be lower. 

 

 

 

 

 
8 Another study from 2019 estimates a similar value using a capital asset pricing model. The WACC estimated is 16% in 
nominal terms. Given that inflation was between 2.7% and 7.9% in 2019-2020, this would lead to a value of about 10-11% in 
real terms. 
9 Assuming 100% onshore wind, which has the largest potential in Ukraine, and a capacity oversizing factor of two for the 
electrolyser. 
10 With a gas price of EUR 45/MWh, EUR/USD of 1.05, efficiency of 69% and CAPEX of USD 1280/kW. 

https://www.ux.ua/a10668/?nt=201
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2023/May/IRENA_Cost_of_financing_renewable_power_Appendix_2023.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2023/May/IRENA_The_cost_of_financing_renewable_power_2023.pdf
https://bank.gov.ua/en/monetary
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2023/May/IRENA_Cost_of_financing_renewable_power_Appendix_2023.pdf
https://www.sciencedirect.com/science/article/pii/S0313592619300116
https://donnees.banquemondiale.org/indicateur/FP.CPI.TOTL.ZG?end=2023&locations=UA&start=2012
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Figure 1.4 Contributing factors to levelised cost of hydrogen production difference 
between Germany and Ukraine, 2023 

 
IEA. CC BY 4.0. 

Notes: LCOH = levelised cost of hydrogen; WACC = weighted average cost of capital. Assuming 100% production from 
onshore wind, which represents the largest share of Ukraine’s renewable potential (see Chapter 2. “The hydrogen 
opportunity”), CAPEX for onshore wind in Germany of USD 1 750/kW and USD 1 373/kW for Ukraine. CAPEX of 
USD 2 160/kW for the electrolyser, and capacity factors of 29% and 32% for onshore wind in Germany and Ukraine, 
respectively. Electrolyser capacity is not optimised and assumed to be double the capacity of the renewable capacity. WACC 
for Germany assumed to be 4.2% taking the last real point available (1.3% in 2021) and correcting for risk-free interest rate 
change (based on US 10-year treasury bonds). For Ukraine, WACC is 12.2% pre-invasion and 25% post-invasion. WACC 
premium of 2% points for electrolysis. 

Even prior to Russia’s invasion, the cost of hydrogen production in Ukraine was 50% 
higher than in Germany, and this gap has now widened further. 

Government bonds have the lowest credit rating, and the country risk is at 
least 15%. One indicator of the country risk is the spread between the domestic 
bond yields and the yield of a mature market (such as the United States). In 2021, 
the yield of the 3-year government bonds11 in Ukraine was 13-13.5%, while the 
US Treasury bonds of the same maturity were 0.2-0.4% during the same period. 
In the last quarter of 2024, the yield of the Ukrainian bonds was 24%, while the 
US Treasury bonds were at 3.5-4%. Even when correcting for inflation, which in 
2024 was 70% higher in Ukraine than in the United States, the spread has 
significantly widened due to the war, and the country risk premium is still well 
above 15%. Other estimates using USD and EUR found yield spreads of more 
than 23% when the full invasion started. Another indicator of country risk is the 
credit rating, which is continuously assessed by credit rating agencies 12  and 
revised when there are significant events that could affect the ability of the country 
to repay its debts. This rating can be approximated to a country risk premium 
based on the credit default spread for country bonds that are traded. Ukraine’s 
rating has been deteriorating for the past 25 years, and in 2024, Ukraine partially 
defaulted on its debt, which led to a downgrade of its rating. Even for the lowest 

 
11 This is the maturity with the largest share of domestic debt in the coming 10 years. 
12 The three largest are Moody’s, Standard & Poor’s (S&P) and Fitch. 
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https://www.irena.org/Publications/2024/Sep/Renewable-Power-Generation-Costs-in-2023
https://www.ea-energianalyse.dk/wp-content/uploads/2024/04/Ukraine_urgent_technology_catalogue.pdf
https://www.iea.org/reports/global-hydrogen-review-2024
https://www.irena.org/Publications/2024/Sep/Renewable-Power-Generation-Costs-in-2023
https://www.ea-energianalyse.dk/wp-content/uploads/2024/04/Ukraine_urgent_technology_catalogue.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2023/May/IRENA_Cost_of_financing_renewable_power_Appendix_2023.pdf
http://www.cbo.gov/publication/60870
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2023/May/IRENA_Cost_of_financing_renewable_power_Appendix_2023.pdf
https://www.worldgovernmentbonds.com/bond-historical-data/ukraine/3-years/#title-historical-data
https://fred.stlouisfed.org/series/DGS3
https://www.worldgovernmentbonds.com/bond-historical-data/ukraine/3-years/#title-historical-data
https://www.worldgovernmentbonds.com/bond-historical-data/ukraine/3-years/#title-historical-data
https://vasdc8grscoc.blob.core.windows.net/files/impact-of-russia-ukraine-conflict-on-cost-of-capital-assumptions2.pdf
https://vasdc8grscoc.blob.core.windows.net/files/impact-of-russia-ukraine-conflict-on-cost-of-capital-assumptions2.pdf
https://tradingeconomics.com/ukraine/rating
https://www.whitecase.com/insight-alert/ukraine-concludes-historic-restructuring-us205-billion-international-bonds
https://www.fitchratings.com/research/sovereigns/fitch-downgrades-ukraine-to-rd-13-08-2024
https://mof.gov.ua/uk/news/minfin_derzhavnii_ta_garantovanii_derzhavoiu_borg_ukraini_z_pochatku_2024_roku_stav_deshevshim_na_ponad_20-4864
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rating (which is still better than the rating Ukraine has today), the country risk 
premium would be equivalent to about 15%. Country risk is not the only factor to 
consider for the cost of capital; physical risk to assets and uncertainty about 
business continuity could also lead to large WACC increases even after the war 
ends. 

The cost of capital for private companies might be higher than for the 
government. The credit rating of the private sector has also deteriorated during 
the war. DTEK, Ukraine’s largest renewables developer, was downgraded by Fitch 
in September 2024 to a status of restricted default. There is also a risk gap 
between the private sector and the government: In the case of government debt, 
international finance might help with repayment, but this is not an option for private 
debt, increasing the risk and the interest rates. 

Debt accumulation and a retroactive tariff cut for renewables has led to 
lower confidence from investors, potentially translating into a higher cost of 
equity. A feed-in tariff (FiT) scheme (“Green tariff”) was introduced in 2009 to run 
until 2030. A publicly owned enterprise acted as a guaranteed buyer with rates 
fluctuating from EUR 0.46/kWh to EUR 0.15/kWh until 2019. The solar capacity 
expanded quickly from about 1.5 GW in 2016 to nearly 8 GW in 2021 (with the 
largest expansion taking place since 2019). However, the scheme was not 
financially sustainable, with the guaranteed buyer failing to pay the generators. In 
2020, the Parliament approved a retroactive cut of up to 60%.13 The total debt 
under the scheme was nearly USD 475 million in 2024 and only 55% of the 
payments for 2022 and 2023 were disbursed. There is little clarity on a robust 
repayment plan, which has affected confidence in the renewable sector, and the 
resulting uncertainty extends to renewable hydrogen. Even when repaid, this 
might be reflected in a higher cost of capital demanded by investors. In January 
2025, Ukraine launched auctions for solar PV and wind, signalling the move away 
from FiT. 

Macroeconomic factors 
This section reviews the macroeconomic factors shaping the country, including 
population and fiscal budget, and explores how they can affect hydrogen 
development. The central bank interest rate gives an indication of the cost of debt, 
although debt could come from sovereign capital at early stages when the cost of 
local debt is high. 

Population declined nearly 20% in the post-Soviet era and another 15% after 
Russia’s full-scale invasion. Ukraine had a peak population of nearly 
52 million people in 1993, declining to 44.3 million in 2021. By February 2025, 

 
13 The lower bound was 2.5%. The rate depended on the technology, plant size and commissioning date. 

https://www.stern.nyu.edu/%7Eadamodar/pc/datasets/ctryprem.xlsx
https://www.energyglobal.com/solar/23012024/dtek-achieves-first-power-at-debut-projects-outside-ukraine/
https://www.fitchratings.com/research/corporate-finance/fitch-downgrades-dtek-renewables-to-rd-upgrades-to-cc-06-09-2024
https://greenenergy.rbc.ua/en/page-5
https://www.greenpeace.de/publikationen/20240607-greenpeace-report-BE-solar-marshallplan-ukraine-encv.pdf
https://www.asterslaw.com/press_center/publications/the_parliament_approves_rectroactive_cut_of_the_green_tariff/
https://dlf.ua/en/renewable-energy-in-ukraine-current-state-of-affairs/
https://us.boell.org/en/2024/11/01/investors-once-again-asked-buy-ukrainian-renewable-energy
https://www.energy-community.org/news/Energy-Community-News/2025/01/31.html
https://databank.worldbank.org/reports.aspx?source=2&country=UKR
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6.9 million people had fled the country and another 3.6 million people had been 
internally displaced. The labour force decreased nearly 14% from about 
17.7 million people in 2020 to 15.2 million in 2024. Evidence from 2022 (at a point 
when 4.7 million refugees from Ukraine had registered in the European Union) 
shows that in most EU member countries, 50-80% of the refugees were highly 
educated. A domestic survey in 2024 indicated that almost three-quarters of local 
employers are facing staff shortages. Some of the (relevant) vacancies that are 
proving most difficult to fill were for managers, engineers and business analysts. 
This may limit the availability of qualified staff to design, construct and operate 
hydrogen projects. 

The war has caused a shortage of engineers and people with technical 
education. In a survey conducted in 2023 across 60 companies working in 
different fields, one-third reported that lack of candidates was their biggest 
recruitment problem, and almost one-quarter reported candidates having 
insufficient qualifications. Respondents also stated that the knowledge and skills 
of higher education graduates do not meet business needs. Electrical and 
chemical engineers were identified among the professions with the largest 
shortage at that time, with a shortage of mechanical engineers expected around 
2028. The largest need for technicians was in industry, including steel, chemicals, 
mining and energy. The workforce is currently male-dominated, with men 
representing 58%, 65% and 71% of the workforce in the processing, energy, and 
mining industries, respectively. 

Inflation had fallen to 13% in early 2025 from a peak of 26% in 2022. Before 
the war, inflation was at an average of 2.7% in 2020. In 2022, spikes in the prices 
of energy and food led inflation to increase to 26%. This came down to 13% in 
January 2025, which is still well above the 5±1% target of the central bank. The 
central bank expects inflation to increase further to 15% in 2025 and to reach 8.4% 
by the end of the year. For hydrogen projects, inflation could raise the costs of 
construction materials and labour during the construction phase, and could also 
affect the unemployment rate, with knock-on effects for the labour force available 
to work on hydrogen projects. Inflation can also make it more difficult for project 
developers to repay debts, if the nominal interest rates are based on a higher 
inflation rate that does not then materialise. 

Central bank interest rates in 2024 were roughly double the levels before the 
invasion. In 2021, the central bank interest rate (known as the Key Policy Rate 
[KPR]) was between 6-9%.14 In June 2022, as a response to high inflation, the 
central bank sharply increased the KPR from 10% to 25%. Inflation came down to 
5% in the last quarter of 2023, which prompted KPR cuts reaching a level of 14.5% 
by March 2025. This is relevant to hydrogen projects because the KPR defines 
the interest paid by commercial banks, which in turn affects the loans made by 

 
14 6% at the beginning of the year with 7 changes in the year to reach 9% at the end of the year. 

https://data.unhcr.org/en/situations/ukraine
https://data.unhcr.org/en/documents/details/114594
https://stat.gov.ua/sites/default/files/2024-04/Statistical%20publication%20Labour%20force%20of%20Ukraine%20%202020.pdf
https://gmk.center/en/news/ukraines-labor-force-has-decreased-by-12-since-the-beginning-of-the-war-report/
https://www.oecd.org/content/dam/oecd/en/publications/reports/2023/01/what-we-know-about-the-skills-and-early-labour-market-outcomes-of-refugees-from-ukraine_e95955bf/c7e694aa-en.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2023/01/what-we-know-about-the-skills-and-early-labour-market-outcomes-of-refugees-from-ukraine_e95955bf/c7e694aa-en.pdf
https://eba.com.ua/try-chverti-robotodavtsiv-vidchuvayut-defitsyt-kadriv-v-ukrayini/
https://kse.ua/wp-content/uploads/2024/09/Povna-versiya.-Rinok-pratsi-inzheneriv-ta-robitnikiv-z-profesii--no-tehnichnoyu-osvitoyu.pdf
https://bank.gov.ua/en/news/all/inflyatsiyniy-zvit-jovten-2024-roku
https://bank.gov.ua/en/monetary
https://bank.gov.ua/en/monetary/about/targets/target-ch
https://bank.gov.ua/ua/news/all/inflyatsiya-pochne-znijuvatisya-z-seredini-roku-a-zrostannya-ekonomiki-prishvidshitsya--inflyatsiyniy-zvit
https://bank.gov.ua/en/monetary/archive-rish
https://bank.gov.ua/en/monetary/archive-rish
https://bank.gov.ua/en/monetary
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those banks (in this case to energy or hydrogen projects). This makes the cost of 
debt higher. While the early stages of hydrogen development are expected to rely 
more on equity (due to the higher risk), and domestic commercial banks might be 
less involved at this stage (due to unfamiliarity with the business), it might still be 
relevant during later stages, depending on how long inflation remains high. It could 
also be relevant given the potential inflationary impact of additional capital flowing 
to the country for reconstruction efforts in other areas. 

The domestic currency (Ukrainian hryvnia, UAH) has been devalued by 
about 50% since Russia’s invasion. A peg to the US dollar was introduced at 
the beginning of the war (29.25 UAH per USD). Due to the widening gap between 
the official and the shadow rate, the central bank devalued the hryvnia by 25% in 
July 2022 but decided to keep the peg. In October 2023, the peg was substituted 
with a managed floating and the currency has continued to depreciate since then 
(see Figure 1.5). The relevance of this parameter as a currency exchange risk to 
the project is twofold. First, in the case that an investment is made by a foreign 
company in a hard currency (USD or EUR) while the revenues are in UAH. This 
could happen in the early stages of market formation, when infrastructure has not 
yet been developed, and demand is domestic. Second, there may be a positive 
effect in cases where the debt for the project comes from domestic bonds issued 
in UAH and (part of) the revenues come from exports. While there are known ways 
to manage this risk, it could still translate into a risk premium that is reflected in 
the WACC. 

Figure 1.5 The effects of Russia’s invasion on the central bank interest rate, inflation, 
and the Ukrainian hryvnia exchange rate to US dollars, 2020-2024 

 
IEA. CC BY 4.0. 

Sources: IEA analysis based on data from the National Bank of Ukraine. 

The central bank interest rate is double pre-invasion levels and Ukraine’s currency has 
depreciated by 50%, while inflation has now returned to pre-invasion levels. 
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https://cepr.org/voxeu/columns/war-ukraine-ukraines-monetary-financial-vulnerabilities#footnote1_fsnbhnc
https://bank.gov.ua/en/news/all/nbu-zafiksuvav-ofitsiyniy-kurs-grivni-do-dolara-ssha-na-novomu-rivni-ta-vjiv-nizku-dodatkovih-zahodiv-dlya-zbalansuvannya-valyutnogo-rinku-ta-pidtrimannya-stiykosti-ekonomiki-v-umovah-viyni
https://bank.gov.ua/en/news/all/nbu-zafiksuvav-ofitsiyniy-kurs-grivni-do-dolara-ssha-na-novomu-rivni-ta-vjiv-nizku-dodatkovih-zahodiv-dlya-zbalansuvannya-valyutnogo-rinku-ta-pidtrimannya-stiykosti-ekonomiki-v-umovah-viyni
https://bank.gov.ua/en/news/all/nbu-vprovadjuye-kerovanu-gnuchkist-obminnogo-kursu-scho-posilit-stiykist-valyutnogo-rinku-ta-ekonomiki
https://bank.gov.ua/en/monetary/archive-rish
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Sovereign-guaranteed bonds were restructured in September 2024 to 
reduce short-term payments. The restructuring was for a total of 
USD 20.5 billion. The upfront capital was reduced by 37% and debt servicing costs 
until 2033 were reduced by 77% (i.e. all the payments were delayed, allowing the 
country to recover and avoid the payment burden negatively affecting the fiscal 
situation). This was done by having a scaling interest rate of 1.75-3% in 2025-
2027, increasing to 7.75% after 2034. These interest rates might have been 
affected by the simultaneous deployment of funds from the Extended Fund Facility 
of the International Monetary Fund (IMF). While the restructuring is 
understandable in the current context, it highlights an uncertainty for foreign bonds 
related to the length of the transition period following the end of the war, during 
which time such lower interest payments might be needed. Along the same lines, 
the Group of Creditors of Ukraine (comprised of all G7 countries except Italy) 
agreed to delay all interest payments until 2027. 

Finance 
The purpose of this section is to understand some of the capital flows needed to 
reconstruct the country, with emphasis on the energy sector. This will be useful as 
reference for the potential revenues and investment needs for the hydrogen sector 
discussed in Chapter 2 ("The hydrogen opportunity"). 

Total damage15 in the first 2 years of the war amounted to USD 176 billion, 
of which USD 55 billion was to energy-related assets. By December 2024, the 
bulk of the damage has been to housing and buildings, amounting to nearly 
USD 58 billion (see Figure 1.6). This is followed by transport infrastructure 
(including roads, ports, bridges) with USD 37 billion. Industry and commerce has 
experienced damage of USD 17.5 billion. Direct damage to energy assets 
amounted to USD 20.5 billion, and if indirect financial losses are included, total 
damage reaches USD 56 billion. An additional USD 65 billion of damage to 
natural ecosystems like forests, wetlands and biodiversity has also been 
estimated. Some of the most notable damage to energy assets was the 
destruction of the Kakhovka hydropower plant in June 2023. 

  

 
15  Damages are direct costs of destroyed or damaged physical assets and infrastructure, valued in monetary terms. 
Reconstruction needs are costs for repair, restoration, and reconstruction, considering a build-back-better premium and 
factors such as inflation, higher prices due to volume of construction and higher insurance, among others. 

https://www.whitecase.com/insight-alert/ukraine-concludes-historic-restructuring-us205-billion-international-bonds
https://mof.gov.ua/en/news/ukraine_completes_the_restructuring_of_usd_205_billion_sovereign_and_sovereign-guaranteed_eurobonds-4772
https://www.tresor.economie.gouv.fr/Articles/2023/12/21/statement-by-the-group-of-creditors-of-ukraine
https://documents1.worldbank.org/curated/en/099022025114040022/pdf/P1801741ca39ec0d81b5371ff73a675a0a8.pdf
https://kse.ua/about-the-school/news/kse-presents-a-study-on-damages-to-ukraine-s-energy-sector-with-the-participation-of-major-ukrainian-energy-companies/
https://www.kmu.gov.ua/en/news/nynishni-zbytky-ukrainskym-ekosystemam-otsiniuiutsia-v-65-miliardiv-dolariv-premier-ministr-na-konferentsii-shchodo-ekolohichnoi-bezpeky
https://ceobs.org/ukraine-damage-map-kakhovka-hydropower-plant/
https://documents1.worldbank.org/curated/en/099022025114040022/pdf/P1801741ca39ec0d81b5371ff73a675a0a8.pdf
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Figure 1.6 Economic damage caused by Russia’s full-scale invasion of Ukraine by 
sector, December 2024 

 
IEA. CC BY 4.0. 

Notes: Damages assessed following the World Bank’s methodology and using data collected by local authorities since 
Russia’s invasion. To estimate the value of damaged or destroyed assets, average values are calculated based on data from 
the State Statistics Service with adjustment factors applied according to the level of damage to the assets. 
Source: IEA analysis based on data from the World Bank Group (2025). 

The cost of damages caused by Russia’s invasion of Ukraine was estimated at 
USD 176 billion by December 2024. 

By December 2024, reconstruction needs were estimated at USD 524 billion, 
nearly three times Ukraine’s GDP in 2024. Like for damage costs, the largest 
capital needs are in the housing sector, with the World Bank estimating capital 
needs of nearly USD 84 billion (see Figure 1.7). Transport infrastructure (including 
ports and roads needed for hydrogen projects) comes second, with nearly 
USD 78 billion. Industry (together with commerce) requires USD 64 billion, and 
core energy assets require USD 68 billion. This has increased in the past couple 
of months. By August 2024, the needs for the energy sector were USD 50.5 billion 
for a complete restoration. As a comparison, Ukraine’s GDP in 2024 was 
estimated to be about USD 180 billion. 
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https://documents1.worldbank.org/curated/en/804831468331771041/pdf/628030WP0Metho00Box0361494B0PUBLIC0.pdf
https://documents1.worldbank.org/curated/en/099022025114040022/pdf/P1801741ca39ec0d81b5371ff73a675a0a8.pdf
https://documents1.worldbank.org/curated/en/099022025114040022/pdf/P1801741ca39ec0d81b5371ff73a675a0a8.pdf
https://kse.ua/about-the-school/news/kse-presents-a-study-on-damages-to-ukraine-s-energy-sector-with-the-participation-of-major-ukrainian-energy-companies/
https://www.imf.org/en/Publications/CR/Issues/2024/06/28/Ukraine-Fourth-Review-of-the-Extended-Arrangement-under-the-Extended-Fund-Facility-Request-551207
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Figure 1.7 Total capital needs to repair, restore and reconstruct assets in Ukraine by 
December 2024 

 
IEA. CC BY 4.0. 

Source: IEA analysis based on data from the World Bank Group (2025). 

Total capital needs for reconstruction had reached USD 524 billion by December 2024. 

Public debt could reach nearly 100% of GDP in 2024 with nearly 80% in 
foreign currency. In 2021, public debt was about 54% of GDP. Government 
borrowing has been increasing ever since the financial crisis in 2008, with public 
debt going from 12% in 2007 to a peak of 70% in 2016. In absolute terms, public 
debt had reached nearly USD 155 billion by November 2024, having increased by 
nearly 60% since the beginning of 2022. Nearly two-thirds of this debt is foreign 
and almost 80% is in foreign currency. This means that inflation and currency 
exchange rates could affect the repayment of this debt, compromising the credit 
rating of the country. This could affect the cost of capital for hydrogen projects due 
to country risk and the cost of debt (through the KPR). Foreign reserves have been 
relatively stable since 2023. 

Goods trade deficit reached USD 40 billion over 2022 and 2023. Exports 
nearly halved after the invasion, led by significant drops in steel and metals (the 
main export), ore minerals, and agricultural products. This has led to a trade deficit 
of about USD 2-3 billion per month, which has been widening over time as more 
goods are imported. The IMF expects a trade deficit of USD 30-40 billion to persist 
until at least 2033. In 2024, international reserves have fluctuated around 
USD 40 billion, which would cover roughly six months of imports. The relevance 
this has for hydrogen is that low-emissions steel and renewable ammonia could 
help bring down the trade deficit, since they made up the bulk of exports before 
the war. 
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https://documents1.worldbank.org/curated/en/099022025114040022/pdf/P1801741ca39ec0d81b5371ff73a675a0a8.pdf
https://www.imf.org/en/Publications/CR/Issues/2024/06/28/Ukraine-Fourth-Review-of-the-Extended-Arrangement-under-the-Extended-Fund-Facility-Request-551207
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https://www.europarl.europa.eu/RegData/etudes/BRIE/2024/747858/IPOL_BRI(2024)747858_EN.pdf
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Fiscal deficit reached 23% of GDP in 2024 and no rebalancing is foreseen at 
least until 2033. Even before Russia’s invasion, Ukraine had a fiscal deficit of 4% 
of GDP in 2021. As military spending increased by nearly ten times in 2024, the 
fiscal deficit increased to 16% in 2022 and 23% in 2024. The IMF expects this to 
go down over time, but even in 2033, the fiscal deficit could still be 1%. The total 
financing needs for the 2025-2033 period could amount to more than 
USD 72 billion, nearly 40% of the current GDP. With a tight budget, hydrogen 
projects might be a relatively low priority for the government, leaving grants and 
development finance as the most likely sources of public capital in the coming 
decade. 

Foreign direct investment (FDI) flows plunged by more than 90% after 
Russia’s full-scale invasion. FDI inward flows 16  reached a peak of nearly 
USD 11 billion (in current prices) in 2008, before halving in 2009 as a result of the 
financial crisis, and turning negative in 2015 as a result of the Russian annexation 
of Crimea in 2014. By 2021, they had recovered to USD 7.3 billion, only to drop to 
USD 530 million in 2022. Nearly 80% of these flows are from reinvestment of 
earnings, which is higher than the historical average of 55% in 2018-2019. Almost 
23% of FDI flows are in the manufacturing sector and 7% are in the power sector. 
The total FDI stock in 2023 was nearly USD 55 billion, with Arcelor Mittal being 
the largest investor, with USD 6.5 billion. The government established an 
investment promotion office (UkraineInvest) in 2018 with a mandate to attract and 
support FDI, and the office has facilitated the investment of nearly USD 2.3 billion 
since 2020. Ukraine has 65 bilateral investment treaties in effect and free trade 
agreements with 48 countries. This could facilitate FDI once the war ends. 

By December 2024, nearly USD 430 billion of bilateral support had been 
committed for Ukraine, with two-thirds already allocated. From the committed 
capital, 48% is targeted to military and humanitarian causes. The European Union 
(without counting the member states) and the United States account for more than 
USD 250 billion. Nearly 40% of the support from the United States is going to the 
government budget that could eventually be used for energy. Part of the 
European Union’s support was through Macro Financial Assistance programmes, 
which covered aspects of energy security, energy efficiency, financial regulation 
of natural monopolies, and electricity market reform. The largest programme is the 
Ukraine Facility, with USD 50 billion over 2024 to 2027 to target EU accession, 
reconstruction, urgent financial needs (EUR 38.3 billion), de-risking and 
supporting the private sector (EUR 6.9 billion), technical assistance, capacity 
building and support to society (EUR 4.8 billion). By October 2024, the 
European Union, together with its member states and financial institutions, had 
provided a total of EUR 122 billion of financial aid to Ukraine, of which 

 
16 Inward flows are the value of cross-border direct investment transactions received by the country while outward flows are 
the overseas investments from the country. FDI flows comprise three components: equity capital, reinvestment of earnings 
which are not distributed as dividends and inter-company debt. 

https://www.imf.org/en/Publications/CR/Issues/2024/06/28/Ukraine-Fourth-Review-of-the-Extended-Arrangement-under-the-Extended-Fund-Facility-Request-551207
https://www.imf.org/en/Publications/CR/Issues/2024/06/28/Ukraine-Fourth-Review-of-the-Extended-Arrangement-under-the-Extended-Fund-Facility-Request-551207
https://bank.gov.ua/admin_uploads/article/MMR_2025-01.pdf?v=12
https://www.imf.org/en/Publications/CR/Issues/2024/12/20/Ukraine-Sixth-Review-Under-the-Extended-Arrangement-Under-the-Extended-Fund-Facility-559954
https://unctadstat.unctad.org/datacentre/dataviewer/US.FdiFlowsStock
https://bank.gov.ua/files/ES/FDI_y.xlsx
https://www.lloydsbanktrade.com/en/market-potential/ukraine/investment
https://ukraineinvest.gov.ua/en/industries/energy/
https://bank.gov.ua/files/ES/FDI_y.xlsx
https://www.lloydsbanktrade.com/en/market-potential/ukraine/investment
https://ukraineinvest.gov.ua/en
https://ukraineinvest.gov.ua/en/services-team/our-results/
https://www.state.gov/reports/2024-investment-climate-statements/ukraine/
https://www.ifw-kiel.de/topics/war-against-ukraine/ukraine-support-tracker/
https://www.cfr.org/article/how-much-us-aid-going-ukraine
https://www.europarl.europa.eu/RegData/etudes/IDAN/2023/733763/IPOL_IDA(2023)733763_EN.pdf
https://neighbourhood-enlargement.ec.europa.eu/european-neighbourhood-policy/countries-region/ukraine/ukraine-facility_en
https://ec.europa.eu/commission/presscorner/detail/fr/ip_24_5473
https://www.oecd.org/en/data/indicators/inward-fdi-flows-by-partner-country.html
https://www.oecd.org/en/data/indicators/inward-fdi-flows-by-partner-country.html
https://unctadstat.unctad.org/datacentre/reportInfo/US.FdiFlowsStock
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EUR 12.4 billion had been disbursed. In October 2024, the G7 launched the 
“Extraordinary Revenue Acceleration Loans for Ukraine”, a USD 50 billion 
initiative. The loans have a maximum of 45 years and will be fully disbursed by 
2027. In addition, more than USD 200 billion of multilateral financing has been 
pledged for Ukraine, but it is mostly for non-energy purposes. This includes 
USD 151 billion from the IMF and USD 55 billion from the World Bank Group. 

At the end of 2023, the weighted average cost of state debt was 6.2%, with 
an average maturity of 10.5 years. In 2023 alone, Ukraine received 
USD 42.5 billion in external financing. Nearly a quarter of this was in the form of 
grants, and the rest was in the form of concessional financing with lower interest 
rates or longer maturities. Over 50% of the funds were from international financial 
institutions and foreign governments, which together with external securities and 
loans from commercial banks, led to almost 70% of external (i.e. foreign) debt. 

 

https://neighbourhood-enlargement.ec.europa.eu/document/download/1924a044-b30f-48a2-99c1-50edeac14da1_en?filename=Ukraine%20Report%202024.pdf
https://ec.europa.eu/commission/presscorner/detail/fr/ip_24_5473
https://www.g7italy.it/wp-content/uploads/G7-Finance-Ministers-Statement-on-Extraordinary-Revenue-Acceleration-ERA-Loan-Initiative.pdf
https://www.g7italy.it/wp-content/uploads/G7-Finance-Ministers-Statement-on-Extraordinary-Revenue-Acceleration-ERA-Loan-Initiative.pdf
https://www.imf.org/en/News/Articles/2024/10/18/pr24381-ukraine-imf-executive-board-completes-fifth-rev-eff-arrangement
https://www.worldbank.org/en/country/ukraine/brief/world-bank-emergency-financing-package-for-ukraine
https://www.mof.gov.ua/en/news/the_largest_part_of_ukraines_state_debt_is_concessional_financing_from_international_partners-4451


Unlocking Ukraine’s Hydrogen Opportunity: A Roadmap The hydrogen opportunity 

Page | 29 I E
A.

 C
C

 B
Y

 4
.0

. 

The hydrogen opportunity 

Highlights 

 Ukraine has 18-38 Mtpa of technical renewable hydrogen potential, though 
economic constraints would result in lower potential. Most potential is in regions 
with scarce water resources and competition from other industrial activities. 
Domestic demand for use for steel and fertilisers could reach 2.2 Mtpa, if pre-
invasion capacity is restored, and the government target has set a target of 
7.2 Mtpa of production by 2050. Most hydrogen production projects proposed 
prior to the invasion are close to the border with the European Union. 

 Ukraine has a technical potential for solar PV and onshore wind equivalent to 
9-14 times its pre-invasion electricity demand and 2-4 times its final energy 
demand. Half of this potential is in regions that are occupied or heavily mine-
contaminated. The realisable economic potential is much lower, especially 
considering the current high cost of capital. Ukraine has a larger renewable 
resource capacity than Germany (a potential importer of hydrogen derivatives), 
but smaller than Morocco (an alternative supplier to Europe). The high cost of 
capital in Ukraine could offset lower costs from higher capacity factors. 

 If repurposed, existing gas pipelines to the European Union could transport 
nearly 33 Mtpa of hydrogen (80% through Slovakia). Most of the capacity is now 
available. Ukraine also has 13 underground gas sites which could store 
2.4 Mtpa of hydrogen; one site near the EU border has a capacity of 1.2 Mtpa. 
There are two initiatives exploring corridors to the European Union (1.5 Mtpa 
and 2.4 Mtpa) under development, but they currently lack off-taker involvement. 

 Producing 2.5 Mtpa of hydrogen could generate annual revenues in the order of 
USD 18-22 billion from steel exports and exports by pipeline. It could also create 
up to 100 000 jobs, but 70% of these would be temporary positions related to 
construction, 50% are in equipment manufacturing, which could be located 
abroad, and 80% are related to constructing renewables rather than electrolysis. 
Focusing on electrification would therefore provide most potential job 
opportunities. 

 Producing 2.5 Mtpa of hydrogen requires an investment of USD 85-90 billion for 
renewables and electrolysis. This is equivalent to 50% of the national gross 
domestic product in 2024 and 45-65% higher than the investment needed to 
reconstruct the entire energy system after the war. If this investment is funded 
with a cost of capital of 15%, interest payments could reach USD 165-175 billion 
(in nominal terms) over the entire lifetime of the assets. 



Unlocking Ukraine’s Hydrogen Opportunity: A Roadmap The hydrogen opportunity 

Page | 30 I E
A.

 C
C

 B
Y

 4
.0

.  



Unlocking Ukraine’s Hydrogen Opportunity: A Roadmap The hydrogen opportunity 

Page | 31 I E
A.

 C
C

 B
Y

 4
.0

. 

This chapter is forward-looking, highlighting the potential barriers and 
opportunities for the development of renewable hydrogen. This includes the 
potential for production and export and how it compares with potential importers 
and competitors, and potential demand, including for steelmaking, as well as water 
constraints that could be faced. In the power sector, we assess the renewable 
potential and quality. Turning to infrastructure, we assess the capacity that existing 
pipelines and underground storage could have if repurposed for hydrogen, as well 
as some of the pipeline corridors to Europe that have been proposed. From the 
macroeconomic perspective, we discuss the potential revenues and jobs created 
by hydrogen production. Lastly, we assess the investment needs for a fully mature 
market. 

Hydrogen 

Supply 
Ukraine’s hydrogen production technical potential ranges from 18-38 Mtpa. 
The renewable potential has a high uncertainty depending on the criteria used for 
assessment.1 A potential of 1 300-2 300 TWh/yr would be enough to produce 
about 26-46 Mtpa of hydrogen.2 However, some of the potential will need to be 
used to satisfy domestic demand for electricity. Electricity demand prior to the 
invasion was about 150 TWh/yr. As the energy system decarbonises, the share of 
electricity will increase, especially as more efficient technologies are used. 
Assuming that national electricity demand grows at the same rate as global 
demand in a world moving towards a net zero emissions system, demand would 
reach about 405 TWh/yr. This would reduce the renewable potential available for 
hydrogen, but would still be enough to produce 17.8-37.5 Mtpa. This would be the 
upper limit and does not take into account the resource quality (i.e. capacity 
factors), which influence the hydrogen costs and the economic potential. Nor does 
it consider the geographical location and additional transport costs to reach the 
border. 

A number of hydrogen projects had been proposed before Russia’s full-
scale invasion, but all were in the early stages and need reassessment. 
There were 13 proposed hydrogen projects, adding up to nearly 2 GW in their first 
phase (75% of this capacity came from the H2EU+Store project) and an ultimate 
capacity of more than 13.5 GW (see Table 2.1). Most of the projects were targeting 
hydrogen as a product, with three of them considering the possibility of also 
producing ammonia. Five projects targeted the local market in combination with 
exports, while the rest were export-oriented (or had not published relevant data). 
Most were targeting the use of pipelines to transport hydrogen, with some of the 

 
1 See the annex for a full list of studies estimating the potential. 
2 With a 67% efficiency on a lower heating value basis. 

https://www.ive.org.ua/wp-content/uploads/ENG-book_30.11.2020.pdf
https://www.iea.org/reports/world-energy-outlook-2024
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smaller projects considering road and rail transport. One of the largest projects 
was close to the Kakhovka dam that was destroyed in June 2023, and another, 
which is aiming for up to 10 GW of electrolysis, is near the war frontline and 
bordering occupied regions. 

Table 2.1 Proposed hydrogen projects in Ukraine before Russia’s full-scale invasion.  

Name Electrolyser 
capacity (MW) 

Investment 
(EUR mn) Product Transport 

Zakarpattia Phase 1: 100 
Vision: 1 500 Phase 1: 300 H2 Pipeline, road 

Reni 2028: 100 
2030: 200 300-400 H2, NH3 Pipeline, ship 

*Kakhovka / River Wind Phase 1: 200 
Vision: 1 100 

Phase 1: 400 
Phase 2: 2 000+ H2, NH3 Pipeline 

Danube Hydrogen Valley Phase 1: 50 
Vision: 3 000 

Phase 1: 100 
Vision: 14 000 H2, NH3 River transport 

H2 Production Sumy 110 280 H2 Pipeline, rail 

Transcarpathian green 
hydrogen 30-35 130 H2 Pipeline, road, rail 

Kyiv green data centre 20-30 125 H2 Pipeline 

European Galicia Phase 1: 50 
Vision: 200 400 H2, NH3 Rail, road 

Lyiv Region 17.5 70 H2 Pipeline 

Green hydrogen industrial 
cluster 

8.5 
Vision: 10 000 25 H2 Pipeline (H2, NH3), 

LOHC 
Vinnytsia and 

Chernivtsi Regions 
Phase 1: 10 
Phase 2: 87 Phase 1: 14 H2 - 

H2EU+Store Phase 1: 1 500 
Vision: 80 TWh 105 H2 Pipeline 

Salt for Life - 278-508 H2 Pipeline 

Notes: H2 = hydrogen; NH3 = ammonia; LOHC = Liquid Organic Hydrogen Carrier. Projects with an asterisk are in occupied 
regions, and/or in regions with severe damage due to attacks, and/or near the frontline. 
Source: IEA analysis based on DENA (2021). 

Two hydrogen valleys, in Zakarpattia and Reni, are the most advanced 
projects. The valley in Zakarpattia is less than 10 km from the border with 
Hungary (west). Initial electrolyser capacity is 100 MW, fed by 120 MW of solar 
PV and 80-160 MW of wind, which would be used to produce 105 ktpa. The full 
electrolyser capacity is expected to be 1.5 GW. The investment foreseen for the 
first phase is EUR 300 million with operation due to start in 2035. Targeted end 
uses include industrial feedstock, energy and road transport. The other hydrogen 
valley is in Reni, a city on the border with Romania (southwest). This project 
targets 100 MW of electrolysis by 2028, powered by 120 MW of solar PV and 
80 MW of wind. A second phase would see an expansion to 200 MW by 2030, 
with potential for 3 GW later. In May 2024, the UK government funded a feasibility 
study through the InnovateUkraine programme, which will look at the construction 
of the renewable assets, the electrolyser and the pipeline, and assess the potential 
for underground storage in salt formations. 

https://ceobs.org/ukraine-damage-map-kakhovka-hydropower-plant/
https://energypartnership-ukraine.org/fileadmin/ukraine/media_elements/Green_Hydrogen_in_Ukraine.pdf
https://h2v.eu/hydrogen-valleys/h2u-hydrogen-valley-zakarpattia
https://h2u.ua/en/projects/#zakarpattia
https://h2u.ua/en/projects/
https://www.gov.uk/government/news/uk-and-ukraine-launch-innovation-partnership-to-power-ukraines-recovery
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Hydrogen production from nuclear energy could, at best, reach production 
costs of USD 3.6-5.3/kg by 2040, subject to multiple conditions. Since nuclear 
represents more than half of the electricity generation in Ukraine, it could also 
provide a potential pathway for hydrogen production. In addition, at COP 28, 
Ukraine endorsed a declaration to triple nuclear energy capacity by 2050. 
However, Ukraine has not built any nuclear reactors since 2004, which means 
there is a lack of domestic know-how regarding plant construction and there are 
no recent cost estimates. In 2021, an agreement between Westinghouse (a 
nuclear technology provider) and Energoatom (the state-owned enterprise 
operating the nuclear plants) put the total cost of the construction of four new 
reactors with a total capacity of 4.6 GW at USD 30 billion. This results in a CAPEX 
intensity of nearly USD 6 500/kW. This roughly corresponds to the current capital 
costs of nuclear plants in the European Union. Costs could come down with 
experience, technology innovation and policy support. Assuming the costs in 
Ukraine follow a similar trajectory to in the European Union, costs could reach 
USD 4 500/kW by 2040. With the addition of fuel and operating costs, the levelised 
cost of electricity would be USD 75-110/MWh, which is equivalent to USD 3.6-5.3 
per kilogramme of hydrogen (H2). Achieving this cost would require at least three 
conditions to be fulfilled. First, that plants are constructed on budget and on time, 
which has not been the case for recent nuclear plants constructed outside China, 
which have seen costs of USD 6 000-16 000/kW and construction times of 8-16 
years. Second, a cost of capital of 4-8%, which is one- to two-thirds lower than the 
pre-war WACC. Third, that the 30% capital cost reduction materialises. 

Demand 
Potential domestic hydrogen demand from industrial applications could 
reach 2.2 Mtpa. Before Russia’s invasion, hydrogen demand was nearly 1 Mtpa 
(see Chapter 1. “Taking stock of the effect of war”). This was used mainly for 
ammonia production and, to a smaller extent, for oil refining. Steel production was 
22 Mtpa. If all such production were restored using direct reduction of iron, the 
corresponding hydrogen demand would be 1.3 Mtpa.3 This corresponds to about 
10% of the renewable hydrogen potential. There is also a geographical correlation 
between the sites where industrial activity was highest before the invasion and the 
regions with the highest renewable potential and capacity factors. 

Direct reduction of iron with hydrogen could leverage Ukraine’s iron ore 
reserves. Ukraine holds about 3.5% of global iron ore reserves, which have a 
lower iron content4 (about 35%) than the global average (45%).5 In contrast, direct 

3 Assuming a hydrogen demand of 55 kg H2 per ton of DRI and an additional 5% for the conversion from direct reduced iron 
to steel. 
4 The iron ore quality also depends on the company. Some companies (e.g. SevGOK) may supply the iron ore that meets 
the requirements of the DRI process. 
5 This refers to the global average for iron content of the reserves, while production has a higher content of 62%. 

https://www.energy.gov/articles/cop28-countries-launch-declaration-triple-nuclear-energy-capacity-2050-recognizing-key
https://www.world-nuclear-news.org/Articles/US-Ukrainian-energy-partnership-foresees-five-new
https://www.iea.org/reports/world-energy-outlook-2024
https://www.iea.org/reports/world-energy-outlook-2024
https://www.iea.org/reports/the-path-to-a-new-era-for-nuclear-energy
https://www.iea.org/reports/the-path-to-a-new-era-for-nuclear-energy
https://pubs.usgs.gov/periodicals/mcs2024/mcs2024-iron-ore.pdf
https://www.energy-transitions.org/wp-content/uploads/2021/12/MPP-Steel_Transition-Strategy.pdf
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reduction of iron with hydrogen (H2-DRI) requires high-grade iron ore, since the 
process does involve melting or refining, which is the way impurities are usually 
removed. High-grade iron ore of 67% is therefore needed. At the same time, iron 
ore must be in the pellet form for use in H2-DRI. Only about 4% of the global iron 
ore exports in 2020 were in pellets with a high iron content. The iron content is 
important because it can affect the efficiency and operation of the electric arc 
furnace, the degree of metallisation and the mechanical properties of the iron 
oxide produced, among other factors. Some of the solutions include the use of 
fluidised bed technology (which could avoid the need to use pellets), an additional 
smelting unit to remove impurities via slag production, and increasing the iron 
content of the ore through a process called beneficiation. Either way, the lower 
iron content of Ukrainian iron ore could require two additional steps (pelletising 
and beneficiation), which translate into additional cost. The beneficiation premium 
can be about USD 7-8/t for every percentage point of increase in iron content, 
resulting in about USD 40/t for going from the global average of 62% to the 67% 
required. This is significant, considering that the average price of iron ore was 
USD 90-140/t in 2023-2024. Several companies have plans to invest in pellets 
and concentrate plants. 

Proximity to the large demand from the European Union could drive 
hydrogen development. Hydrogen demand in the European Union was nearly 
8 Mtpa in 2023. This is expected to increase to 15-73 Mtpa6 by 2050, with the 
large range reflecting differences in the level of ambition, technology portfolios and 
assumptions relating to reliance on specific levers. At the same time, even with 
the European Union’s large renewable potential, imports will most likely be 
needed. Ukraine has the advantage of being able to export by pipeline, which has 
a lower transport cost than shipping for distances shorter than 5 000 km. 
Legislation already in place represents a demand of about 2 Mtpa for low-
emissions hydrogen .7 At the same time, the European Union had a real steel 
demand of 135-150 Mtpa in the 2014-2023 period, with imports of 20-30 Mtpa. 
While the bloc also exported 16-29 Mtpa over the same period, the net import was 
9-12 Mtpa in 2022-2023. For reference, 5 Mtpa of steel demand would require 
about 0.3 Mtpa of hydrogen, which would in turn require 3 GW of electrolysis.8 

The EU Carbon Border Adjustment Mechanism (CBAM) could trigger 
additional hydrogen demand. The CBAM is being phased in from 2026 to 2034 
and it currently covers six products including hydrogen, fertilisers, and iron and 
steel. This means that any imports of these products to the European Union will 
be subject to the carbon price, thereby providing an incentive for decarbonisation 
of the imports. For Ukraine, this represents a mechanism to close the cost gap for 
the renewable hydrogen routes. For steel, in 2021, about a third of Ukraine’s steel 

 
6 10th and 90th percentile based on 32 scenarios. 
7 Renewable Energy Directive, FuelEU Maritime, ReFuelEU Aviation. 
8 Assuming 5 000 full load hours per year. 

https://www.mpiuk.com/downloads/industry-papers/EESC21-Paper-04-H2-use-for-DRI-RI-Birley-Materials-Processing-Institute.pdf
https://pearlgulliron.com.au/wp-content/uploads/2021/09/Understanding_the_high-grade_iron_ore_market_Fastmarkets.pdf
https://www.midrex.com/wp-content/uploads/Midrex-DFM-1stQtr2021-Final-1.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://ieefa.org/sites/default/files/2022-08/Solving%20Iron%20Ore%20Quality%20Issues%20for%20Low-Carbon%20Steel_0.pdf
https://blackiron.com/project-overview/
https://www.midrex.com/wp-content/uploads/Midrex-DFM-1stQtr2021-Final-1.pdf
https://tradingeconomics.com/commodity/iron-ore
https://gmk.center/wp-content/uploads/2024/04/2024_Ukr-GMK_Rebuild.pdf
https://observatory.clean-hydrogen.europa.eu/hydrogen-landscape/end-use/hydrogen-demand
https://observatory.clean-hydrogen.europa.eu/tools-reports/scenarios-future-hydrogen-demand
https://data.jrc.ec.europa.eu/collection/id-00138
https://op.europa.eu/en/publication-detail/-/publication/7ab70e32-a5a0-11ec-83e1-01aa75ed71a1/language-en
https://iea.blob.core.windows.net/assets/89c1e382-dc59-46ca-aa47-9f7d41531ab5/GlobalHydrogenReview2024.pdf
https://hydrogeneurope.eu/wp-content/uploads/2023/10/Clean_Hydrogen_Monitor_11-2023_DIGITAL.pdf
https://www.eurofer.eu/assets/publications/brochures-booklets-and-factsheets/european-steel-in-figures-2024/EUROFER-2024-Version-June14.pdf
https://www.eurofer.eu/assets/publications/brochures-booklets-and-factsheets/european-steel-in-figures-2024/EUROFER-2024-Version-June14.pdf
https://www.cepii.fr/CEPII/en/bdd_modele/bdd_modele_item.asp?id=37
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exports were to the European Union. For a fixed capital cost and energy price, the 
cost differential between the renewable route (H2-DRI) and the conventional route 
(blast furnace) is a function of the CO2 price and the cost of capital 
(see Figure 2.1). The lower the cost of capital by using de-risking instruments 
(see Chapter 3. “Unlocking the opportunity – A roadmap for action”), the lower the 
CO2 price needed to close the cost gap. In the past 3 years, the EU Emissions 
Trading System (ETS) price has been at EUR 60-100/t CO2, which means the cost 
of capital would need to be 2-7%. Looking further ahead, the CAPEX for the 
renewable route will decrease through deployment and learning for both the 
electrolyser and the DRI plant, and the CO2 price is expected to increase as the 
emissions reduction accelerates. Once Ukraine’s EU accession process has been 
completed, the domestic ETS price should follow the same cost trend, so the gap 
would not be closed by the CBAM, but by the domestic ETS. 

Figure 2.1 Cost comparison between the hydrogen-direct reduced iron route and 
conventional steel production in Ukraine as a function of CO2 price and 
cost of capital, 2023 

 
IEA. CC BY 4.0. 

Notes: BF = Blast Furnace; BOF = Basic Oxygen Furnace; H2-DRI = hydrogen-based direct reduced iron. Right graph 
takes the reference point from the left graph to provide the cost breakdown. Grid electricity price for blast furnace = 
USD 63/MWh. Electricity price for H2-DRI based on same assumptions as Figure 1.4. CO2 intensity of 2.1 t CO2/t of steel 
for the BF-BOF route. 

The CO2 price could close the cost gap between H2-DRI and the conventional route, but the 
cost level required is dependent on the cost of capital. 

Ukraine could produce the equivalent of 20-80% of its oil demand in the form 
of synthetic oil, if the domestic biogenic CO2 potential is used. Ukraine has a 
biomethane potential of 6-22 bcm. 9 Biomethane is produced by separating the 
CO2 from biogas to leave a high purity (> 95%) stream of methane. The original 
biogas typically has a CO2 content of 45-75% depending on the feedstock and 
process, but that biomethane potential could be associated with 7-25 Mtpa of CO2 

 
9 From agricultural residues, cultivated crops, woody biomass, manure, organic waste and sewage. 
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https://greendealukraina.org/assets/images/reports/the-potential-of-ukraine-eu-biomethane-cooperation.pdf
https://www.iea.org/reports/outlook-for-biogas-and-biomethane-prospects-for-organic-growth/an-introduction-to-biogas-and-biomethane
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production. If used for synthetic oil production by combining it with renewable 
hydrogen (through the Fischer Tropsch process), that would be enough to produce 
80-292 PJ/yr, which is approximately equal to 20-80% of the 352 PJ/yr of the oil 
demand in Ukraine in 2021. This could also be used for methanol production, 
providing an opportunity to establish a new industry, given that there was no 
domestic methanol production before the invasion. 

Water 
Water availability for hydrogen production could be most critical in Donetsk, 
Kherson and Odesa. Both water resources and withdrawal prior to the invasion 
have large regional differences. Most of the water resources are in the north,10 
while most water withdrawal is in the south. Therefore, the ratio between 
withdrawals and average resources is the worst (40-80%) in the south and 
southeast regions, where most of the industrial activity was located before 
Russia’s invasion (and where the best renewable resources are). This reaches 
more than 80% in the industrial region of Donetsk, where the city of Mariupol is 
located (which has been completely destroyed by the war). Hydrogen production 
alone could account for more than 10% of all the water resources in the Donetsk, 
Kherson and Odesa oblasts (see Figure 2.2). This is without considering 
competing uses for the water, which are most critical in southern regions – the 
latter three oblasts are where the most water is withdrawn today (nearly 
3 800 million m3). 

Climate change could exacerbate water stress in Ukraine. The potential risks 
associated with climate change include heat waves, flooding and (extended) 
droughts. The number of hot days, duration of the heat waves and the heat load 
have already increased in Ukraine. As much as 30% of the national territory is 
exposed to flooding risk, and the area of (very) dry zones has increased by 7% 
since 1991, and now covers almost a third of the national territory. In the future, 
river discharge is expected to decrease in most of the river basins by 2070-2100, 
even in a scenario in which global temperature increases are limited to 1.5-2°C, 
with the peak of spring run-off shifting to earlier months, and lower run-off in 
summer. Similarly, precipitation could increase up to 10% on average in a 1.5-2°C 
scenario, with more precipitation in winter. Southern regions (where most of the 
renewable potential is) could experience 12-14% lower precipitation in a scenario 
with a temperature increase of more than 2°C. Heat waves, heavy precipitation, 
flooding and drought are all expected to increase. 

Realising Ukraine’s full hydrogen potential could consume more water than 
was consumed by all industry sectors prior to the invasion. Producing 
19.5 Mtpa of renewable hydrogen would require using nearly 1 150 million m3 of 

 
10 50% of the water resources are in the Danube basin (bordering the European Union), which means other parts of the 
country have an even smaller share of resources. 

https://www.sciencedirect.com/science/article/pii/S246831242400018X
https://www.mdpi.com/2073-4441/12/4/962
https://www.sciencedirect.com/science/article/pii/S246831242400018X
https://www.sciencedirect.com/science/article/pii/S246831242400018X
https://climatewater.uhmi.org.ua/
https://www.sciencedirect.com/science/article/pii/S246831242400018X
https://www.sciencedirect.com/science/article/pii/S2214581820302354
https://documents1.worldbank.org/curated/en/893671643276478711/pdf/Ukraine-Building-Climate-Resilience-in-Agriculture-and-Forestry.pdf
https://documents1.worldbank.org/curated/en/893671643276478711/pdf/Ukraine-Building-Climate-Resilience-in-Agriculture-and-Forestry.pdf
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water.11 Total water resources in Ukraine are nearly 175 000 million m3, out of 
which 97% is formed by surface river run-off and nearly 30% originates from within 
the country’s borders. Water supply is an issue for Ukraine, with the average 
resident having access to 1 280 m3 of annual local run-off, which is below the 
threshold established by United Nations Development Programme to define water 
stress (1 700 m3 per capita). The 1 150 million m3 used for hydrogen would be 
more significant when compared to water withdrawal (instead of resources), which 
was 9 220 million m3 in 2021, of which 27% was for the energy sector and 11% 
for industry. 

Figure 2.2 Share of water resources withdrawn for renewable hydrogen production 
from realising Ukraine’s entire hydrogen potential  

 
Source: IEA analysis based on Snizho et al (2024), National Academy of Sciences of Ukraine (2020). 

If all of Ukraine’s hydrogen potential were realised, water used for hydrogen production 
would account for more than 10% of resources in Donetsk, Kherson and Odesa. 

Power 

Renewable potential 
Ukraine has 1 300-2 300 TWh/yr12 of wind and solar technical potential, with 
most of it coming from wind (see Figure 2.3). As a reference, power generation 

 
11 This corresponds to water withdrawal assuming a conservative estimate of 60 L/kg (10 L/kg for the process side and 
50 L/kg for cooling). The water used for cooling is not consumed in the process and can be used afterwards for other 
purposes. Other studies have estimates of 26-32 L/kg in total. 
12 Upper bound includes offshore wind. 

https://www.sciencedirect.com/science/article/pii/S246831242400018X
https://www.undp.org/blog/understanding-value-water-sustainable-development
https://www.sciencedirect.com/science/article/pii/S246831242400018X
https://www.sciencedirect.com/science/article/pii/S246831242400018X
https://www.ive.org.ua/wp-content/uploads/ENG-book_30.11.2020.pdf
https://www.iea.org/reports/global-hydrogen-review-2024
https://www.irena.org/Publications/2023/Dec/Water-for-hydrogen-production
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before the full invasion was nearly 150 TWh/yr and the primary energy supply was 
nearly 1 000 TWh/yr. About one-third of the potential is in occupied territory. 
Additionally, Ukraine also has another nearly 1 000 TWh/yr of offshore wind 
potential in territorial and inland waters. The range of potential estimates is wide 
depending on the criteria used and the type of potential (technical vs. economic), 
and also on the land exclusion zones and criteria. The annex contains a collection 
of studies estimating the potential for solar PV and onshore wind, while we use 
our own estimate for the supply cost curve for renewable hydrogen. 

Figure 2.3 Onshore wind and solar PV potential by oblast 

 
Source: IEA analysis based on National Academy of Sciences of Ukraine (2020). 

Ukraine has nearly 1 300 TWh/yr of wind and solar technical potential, of which more than 
90% comes from onshore wind. 

Land use for agriculture might be subject to additional constraints. Two-
thirds of the land area in Ukraine is used for agricultural purposes. To be able to 
use privately owned land for renewables, any opportunity costs related to 
alternative land uses would need to be overcome. In parts that are state-owned, 
approval by different levels of the government would be needed. In addition, nearly 
56% of Ukraine’s land area is covered by black soil,13 most of which has a special 
status as “particularly valuable land”. This means it has special legal protection 
and there are restrictions on changing its purpose (including for renewable  
 

 
13 These are soils rich in organic carbon and with high fertility used for intensive agriculture and susceptible to degradation. 
Ukraine holds about 5% of the global black soil area. 

https://www.iea.org/reports/empowering-ukraine-through-a-decentralised-electricity-system
https://www.ive.org.ua/wp-content/uploads/ENG-book_30.11.2020.pdf
https://www.ive.org.ua/wp-content/uploads/ENG-book_30.11.2020.pdf
https://www.iddri.org/sites/default/files/PDF/Publications/Catalogue%20Iddri/Etude/202406-ST0324-ukraine%20EU.pdf
https://www.iddri.org/sites/default/files/PDF/Publications/Catalogue%20Iddri/Etude/202406-ST0324-ukraine%20EU.pdf
https://openknowledge.fao.org/server/api/core/bitstreams/f65b846e-823d-4d66-998d-e0ae089c2e19/content
https://ips.ligazakon.net/document/T012768?an=589226&ed=2021_04_28
https://epl.org.ua/wp-content/uploads/2022/05/ENG_draft_law_7289.pdf
https://openknowledge.fao.org/server/api/core/bitstreams/f65b846e-823d-4d66-998d-e0ae089c2e19/content
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generation), including a need for additional compensation. Despite this, a law 
passed in 2024 aims to simplify land conversion from agricultural uses to facilitate 
the country’s reconstruction. 

Nearly half of the renewable technical potential is in oblasts that are either 
currently occupied or heavily contaminated with land mines. An additional 
step of surveying and demining would therefore be required before any renewable 
projects are constructed – adding time to the process. There is not only an 
immediate security risk in these areas, but the overall risk profile is higher, given 
that these areas have experienced the most damage due to attacks. In many 
cases, pre-existing infrastructure has been completely destroyed and additional 
efforts and investments would be needed to remove the debris. The oblasts close 
to the border with the European Union have the smallest potential of all, and 
additional transport would be needed if the resources in the southeast are 
exploited. For example, the distance from the area around Mykolaiv, where a lot 
of the renewable plants are today, to the Polish border, is about 800 km. This is 
therefore almost double the distance from the industrial centres of West Germany. 
The cost premium for covering this distance could be small if existing infrastructure 
can be repurposed, but it would still increase the transport cost. 

The average quality of renewable resources in Ukraine is better than 
Germany but worse than in the European Union’s other neighbouring 
regions. A large part of the business case for hydrogen in Ukraine is based on 
exports. Most of these exports are expected to go to the European market, given 
its proximity and the possibility to use existing pipelines. Germany is the largest 
hydrogen consumer in Europe, so comparing it with Ukraine allows for an 
assessment of competitiveness. For solar PV, Ukraine has average full load hours 
about 11% higher than Germany (see Figure 2.4). In terms of amount of energy, 
Ukraine has nearly ten times Germany’s potential. 14  Morocco, which is an 
alternative exporter of hydrogen to Europe, has more abundant solar resources 
with higher quality. The average full load hours in Morocco are 45% higher than 
in Ukraine and the total potential is more than three times higher. For onshore 
wind, the story is similar: Ukraine has average full load hours 17% higher than 
Germany, but Morocco has nearly 18% more full load hours than Ukraine. In terms  
of potential, Morocco and Ukraine have nearly 7- and 10-times Germany’s 
potential, respectively, with the big difference that more than 60% of Morocco’s 
potential has more than 2 630 full load hours (30% capacity factor) while only 
about 36% of Ukraine’s potential is in this range. 

 

 
14 This potential value and the average capacity factor comparison exclude resources with a capacity lower than 12.5% for 
solar PV and 20% for onshore wind since those resources might be economically unattractive. 

https://www.fao.org/faolex/results/details/fr/c/LEX-FAOC227879
https://www.fao.org/faolex/results/details/fr/c/LEX-FAOC227879
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Figure 2.4 Capacity factor distribution for renewables in Germany, Morocco and 
Ukraine 

 
IEA. CC BY 4.0. 

Notes: Solar PV with single-axis tracking. Weather data from 2018. 
Sources: IEA analysis based on data from Jülich Systems Analysis at Forschungszentrum Jülich using the ETHOS model 
suite. 

The average quality of renewable resources in Ukraine is better than in Germany, but much 
worse than in other regions that neighbour the European Union. 

Cost 
There is a cost difference of 30-50% between Ukraine’s least expensive and 
most expensive hydrogen. The cost of hydrogen production is defined by the 
cost of capital, the capital cost of the assets and the utilisation of those assets. 
The first two parameters will change over time, while the last one is constant (for 
renewables). Even in 2035, by which time capital costs are expected to have come 
down, the least expensive hydrogen Ukraine can produce costs slightly more than 
USD 3.5/kg. This is assuming a cost of capital of 8%, which would be lower than 
the pre-war level for renewables. It also assumes that renewable resources with 
the lowest cost would not be available for hydrogen, and would instead be devoted 
to direct electricity use (which is more efficient). As the best and cheapest 
resources are already being used, cost increases by USD 0.1-0.16/kg for every 
additional Mtpa of hydrogen produced, resulting in a cost premium of 30-50% for 
the most expensive resources (see Figure 2.5). A different technology learning 
curve and cost trajectory could shift this profile, but the cost of capital can have a 
bigger influence than CAPEX. For reference, the technical hydrogen potential for  
Ukraine of 18-38 Mtpa15 is much larger than pre-war domestic demand and almost 
double the European Union’s hydrogen demand in 2023. It would still be equal to 
or lower than the projected 2050 demand, for which most scenarios fall within 
15-73 Mtpa. 

 
15 This is based on the renewable potential from literature, while the 14.7 Mtpa from Figure 2.5 is from this report. See the 
annex for details. 
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https://www.fz-juelich.de/en/ice/ice-2/expertise/model-services
https://www.fz-juelich.de/en/ice/ice-2/expertise/model-services
https://www.isi.fraunhofer.de/content/dam/isi/dokumente/cce/2022/HYPAT%20WP_04_2022_Future%20hydrogen%20demand_V02.pdf
https://observatory.clean-hydrogen.europa.eu/tools-reports/scenarios-future-hydrogen-demand
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Figure 2.5 Supply cost curves for renewable hydrogen based on hybrid onshore wind-
solar PV configurations, 2035 

 
IEA. CC BY 4.0. 

Notes: WACC = weighted average cost of capital. CAPEX of USD 1183/kW for electrolysis, USD 1315/kW for onshore 
wind, USD 639/kW for solar PV and USD 175/kW for batteries. Asset capacities are optimised based on total levelised cost 
for each area of 0.25x0.25°. Potential in the figure is based on 10% of land available after considering land exclusion 
zones, while the 18-38 Mtpa mentioned in the text refers to literature. See annex for details. 
Sources: IEA analysis based on data from Jülich Systems Analysis at Forschungszentrum Jülich using the ETHOS model 
suite. 

Even with a low cost of capital of 8%, the hydrogen potential for Ukraine with a production 
cost below USD 4/kg is less than 3.5 Mtpa. 

The lowest hydrogen costs are achieved in areas that are today occupied, 
mine-contaminated or extensively damaged. The southeast of Ukraine 
combines the best solar and wind resources, which allows for the lowest hydrogen 
production costs (see Figure 2.6). These areas also had high industrial activity 
before Russia’s full-scale invasion, which could provide opportunities for hydrogen 
use in the chemicals or steel sectors. However, these areas are also at the war 
front at present and have experienced the most extensive damage (see 
Chapter 1. “Taking stock of the effect of war”). The alternative of using resources 
that are not in occupied areas today could result in a cost premium of at least 25%. 
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Figure 2.6 Levelised cost of hydrogen for Ukraine based on hybrid onshore wind-solar 
PV configurations, 2035 

 
IEA. CC BY 4.0. 

Notes: Cost of capital =12%. CAPEX of USD 1183/kW for electrolysis, USD 1315/kW for onshore wind, USD 639/kW for 
solar PV and USD 175/kW for batteries. Asset capacities are optimised based on total levelised cost for each area of 
0.25x0.25°. Land exclusion zones that are not available for renewable hydrogen production are listed in annex. 
Sources: Analysis by Jülich Systems Analysis at Forschungszentrum Jülich using the ETHOS model suite. 

The lowest production cost achieved in 2035 is above USD 4/kg in regions that are 
currently occupied, mine-contaminated and suffering extensive destruction from the war. 

Hydrogen imports from Ukraine to Germany could be cheaper than 
alternatives but the WACC remains a major challenge. The average resource 
quality of onshore wind is higher in Ukraine than in Germany and it also has lower 
capital cost. In 2023, the capital cost of onshore wind in Ukraine was 
USD 1375/kW, while in Germany it was about USD 1750/kW. This means that if 
Ukraine were to reach the same WACC as Germany,16 the production costs could 
be nearly 20% lower (see Figure 2.7). When adding transport, the cost differential 
falls to 14%, taking advantage of a large share of the transport being through 
repurposed natural gas pipelines (see next section). However, a WACC premium 
of 3-3.5% would close this cost gap. This is much lower than the differential of 
more than 10% prior to the invasion, and much lower than the current WACC 
difference (see Chapter 1. “Taking stock of the effect of war”). Even when using 
de-risking mechanisms to mitigate most of the war risks (e.g. political risk 
insurance – see Chapter 3. "Unlocking the opportunity - A roadmap for action"), it 
might be difficult for Ukraine to reach the low WACC levels seen in Germany. The 
breakeven WACC premium would be lower if, for example, a smaller pipeline was 

 
16 The WACC for solar PV and onshore wind in Germany was 1.3% (real after-tax terms). This is corrected by expectations 
of changes in risk-free rate which are assumed to follow the 10-year US treasury bonds. This results in a WACC premium of 
2.2%. 

8.0 USD/kg H2

4.4 USD/kg H2

https://www.fz-juelich.de/en/ice/ice-2/expertise/model-services
https://www.ea-energianalyse.dk/wp-content/uploads/2024/04/Ukraine_urgent_technology_catalogue.pdf
https://www.irena.org/Publications/2024/Sep/Renewable-Power-Generation-Costs-in-2023
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2023/May/IRENA_Cost_of_financing_renewable_power_Appendix_2023.pdf
http://www.cbo.gov/publication/60870
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used, or if the share of repurposed pipelines were lower. The production costs of 
other potential exporters by pipeline are comparable to those of Ukraine and other 
factors like diversification, geopolitics and certainty of supply might play a larger 
role in defining the import mix. 

Figure 2.7 Hydrogen production and transport costs to Germany in 2035 

 
IEA. CC BY 4.0. 

Notes: WACC = weighted average cost of capital. Cost decrease to 2035 as per the Stated Policies Scenario. Production in 
Ukraine based on onshore wind, United Kingdom based on offshore wind and Spain and Morocco based on solar PV and 
batteries. Solid bars represent the levelised cost if locations had a cost of capital of 4.2%, while the bars with dotted 
patterns are the cost premium when the country WACC assuming the differentials between countries remain the same as 
in 2021. A 48-inch pipeline is assumed to be the transport cost, with an additional pattern-filled bar to represent the cost 
premium for using a 20-inch pipeline. It is assumed that 80% of the pipeline from Ukraine is repurposed, 50% of the one 
from the United Kingdom and 20% for Morocco and Spain. 
Sources: IEA (2023), Energy Technology Perspectives 2023, and IEA analysis based on IRENA (2024); IRENA (2023). 

Total import cost from Ukraine could be the lowest among neighbouring countries, but the 
cost of capital introduces a large cost premium. 

Gas 
Existing gas interconnection pipelines to the European Union have a 
technical capacity equivalent to nearly 33 Mtpa.17 Nearly 80% of the cross-
border capacity18 is to Slovakia (26.3 Mtpa), which has multiple pipelines including 
one of 1 400 mm and one of 700 mm. Hungary is second with nearly 4.3 Mtpa of 
capacity and a virtual interconnection point (VIP), which means there are multiple 
parallel pipelines available that are managed as a single trading point. Romania 
has multiple pipelines (one of 1 000 mm and one 700 mm), which together would 
have a capacity of 1.7 Mtpa. Interconnection with Poland is via a VIP with a 
capacity of 1.1 Mtpa. To provide a reference for some of these numbers, 1 Mtpa 

 
17 The transport capacity of a natural gas pipeline declines to about 80% when transporting hydrogen. Hydrogen has roughly 
a third of the volumetric heating value of natural gas, but it also has a volumetric energy density that is eight times lower (due 
to the lower molecular weight), so a larger volumetric flow (of about three times) can be transported for hydrogen while 
achieving a similar pressure drop (and therefore, pipeline capacity). 
18 Ukraine is also interconnected with Moldova, but Moldova is not part of the European Union. 
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https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2023/May/IRENA_Cost_of_financing_renewable_power_Appendix_2023.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2023/May/IRENA_Cost_of_financing_renewable_power_Appendix_2023.pdf
https://www.iea.org/reports/energy-technology-perspectives-2023
https://www.irena.org/Publications/2024/Sep/Renewable-Power-Generation-Costs-in-2023
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2023/May/IRENA_Cost_of_financing_renewable_power_Appendix_2023.pdf
https://www.energy-community.org/dam/jcr:9d144283-08ed-410b-a670-7fd15c7782f2/1_NECP_EnMachineTranslation.pdf
https://www.gem.wiki/Uzhgorod%E2%80%93Velke_Kapusany_Gas_Pipeline
https://www.gem.wiki/Vojany-Uzhgorod_Gas_Pipeline
https://www.gasunietransportservices.nl/en/shipper-trader/shipperinformation/virtual-interconnection-points-vips
https://www.transgaz.ro/sites/default/files/Art.1%20engleza_20.pdf
https://www.transgaz.ro/sites/default/files/Art.1%20engleza_20.pdf
https://www.sciencedirect.com/science/article/pii/S0360319906004940
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of hydrogen demand would be equivalent to about five large-scale ammonia plants 
and nine steel plants. 19 The total primary steel (hot metal) production in Slovakia, 
the Czech Republic, Austria and Germany, which could be either transit or target 
countries for pipeline corridors, would be equivalent to about 2.3 Mtpa of hydrogen 
demand. The current hydrogen demand for ammonia production in these 
countries is about 0.5 Mtpa. If all the existing pipelines could be repurposed for 
hydrogen, cross-border capacity would not be an issue since there are multiple 
parallel pipelines and capacity is higher than the renewable potential. The capacity 
may not all be available, since it could also be used for biomethane exports. In 
2024, biomethane exports were estimated to be 0.1 bcm (in comparison to a 
network capacity of 146 bcm). The potential production by 2030 could be 1 bcm, 
and the total potential is 6-22 bcm. 

Ukraine could store about 2.4 Mtpa of hydrogen in existing underground 
sites, but these require technology de-risking. Ukraine has 13 underground 
storage sites with a working capacity of 32 bcm. Hydrogen has a lower molecular 
weight and density than methane, which means the storage capacity is reduced 
by nearly 75% when storing hydrogen. This means that the storage capacity is 
2.4 Mtpa of hydrogen. Two of the sites are aquifers and the rest are depleted gas 
fields. Gas fields present several challenges for hydrogen storage. They are 
permeable (which can result in hydrogen losses to the reservoir), can contain 
contaminants or by-products from reactions with the reservoir (which need 
removal), and are the least flexible of underground storage options. On the other 
hand, they typically have a large capacity and are more suitable for hydrogen 
storage than deep saline aquifers. More than 50% of the storage capacity is in a 
single site close to the border with the European Union in the West. This is far 
from the sites with the largest renewable potential, but might be better from the 
perspective of security of supply, since export from the storage would not depend 
on domestic pipelines. 

A proposed 1.5 Mtpa corridor to the European Union, using existing 
pipelines, is under evaluation, but off-takers are needed. The Central 
European Hydrogen Corridor (CEHC) would have a length of 1 350 km, crossing 
Slovakia, the Czech Republic and Germany. The initial maximum capacity is 
expected to be nearly 1.5 Mtpa20 with final investment decision (FID) in 2028 and 
commercial operation after 2030. The estimated investment is EUR 1-1.5 billion, 
which is possible given that more than 90% (by length) will use repurposed 
pipelines. Pipeline diameters vary from 900 mm to 1 400 mm, with the smallest 
pipelines in Slovakia. Transmission System Operators (TSO) have been closely 
involved, but there are no off-takers for the demand. The project was included in 
the sixth list of Projects of Common Interest (PCI) of the European Union 

 
19 Assuming sizes of 3 000 t/d of ammonia and 2 Mt of steel production. 
20 This is assuming full utilisation, which might not be the case during early stages of the market. 

https://www.eurofer.eu/assets/Uploads/Map-20191113_Eurofer_SteelIndustry_Rev3-has-stainless.pdf
https://observatory.clean-hydrogen.europa.eu/hydrogen-landscape/end-use/hydrogen-demand
https://www.energycharter.org/fileadmin/DocumentsMedia/Occasional/2023_03_28_UA_sectoral_evaluation_and_damage_assessment_Version_VIII.pdf
https://greendealukraina.org/products/analytical-reports/the-potential-of-ukraine-eu-biomethane-cooperation
https://www.energycharter.org/fileadmin/DocumentsMedia/Occasional/2023_03_28_UA_sectoral_evaluation_and_damage_assessment_Version_VIII.pdf
https://www.gie.eu/wp-content/uploads/filr/3517/Picturing%20the%20value%20of%20gas%20storage%20to%20the%20European%20hydrogen%20system_FINAL_140621.pdf
https://hyunder.eu/wp-content/uploads/2016/01/D3.3_Benchmarking-of-selected-storage-options.pdf
https://hystories.eu/wp-content/uploads/2023/05/Hystories_D7.3-1-Ranking-and-selection-of-geological-stores.pdf
https://www.cehc.eu/
https://www.cehc.eu/
https://www.entsog.eu/sites/default/files/2024-11/ECH2A_Transmission%20Distribution%20Roundtable_Learnbook%20on%20Implementation%20of%20Hydrogen%20Supply%20Corridors.pdf
https://www.entsog.eu/sites/default/files/2024-11/ECH2A_Transmission%20Distribution%20Roundtable_Learnbook%20on%20Implementation%20of%20Hydrogen%20Supply%20Corridors.pdf
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published in November 2023. This classification provides the benefit of 
accelerated planning and permitting, streamlined environmental assessment 
processes and increased visibility for investors. In January 2025, the Ukrainian 
gas TSO signed a Memorandum of Understanding (MoU) with other TSOs and 
companies involved in the corridor, agreeing to support its development and 
committing to complete a feasibility study for retrofitting the pipelines within 
12-18 months. 

There is another corridor to the European Union through Austria, with a 
potential capacity of 2.4 Mtpa by 2050, but it also lacks off-takers. The “H2EU 
+Store” project was launched by an energy storage company in Austria (RAG 
Austria) and a renewable developer in Ukraine (Eco-Optima). The route would 
cross Slovakia, Austria and Germany, largely relying on repurposed gas pipelines. 
The project is divided in three phases targeting a capacity of 75 ktpa by 2030, 
1.2 Mtpa by 2040, and 2.4 Mtpa by 2050. Project participants are mostly TSOs 
and companies working on gas supply, but there are no potential off-takers. A 
feasibility study was due to be finalised by the end of 2024. 

Macroeconomic factors 
The annual revenue potential from producing 2.5 Mtpa of hydrogen, with 
50% used for steelmaking, could be in the order of USD 18-22 billion. A 
production capacity of 2.5 Mtpa reflects the capacity of the pipeline corridors being 
explored, represents using about 12.5% of the national renewable potential, and 
is in the range considered by the government in the draft hydrogen strategy for 
2035-2050.21 The revenue from hydrogen export would be dependent on what 
buyers are willing to pay, where the alternative is either local production or import 
from another country. Assuming the hydrogen price is around USD 3-4/kg 22, 
exporting half of the potential production as hydrogen through pipelines could 
generate annual revenues of about USD 3-5 billion. Steel export would require 
additional investment, but it would also lead to higher value added, and potential 
revenues in the order of USD 15-18 billion. For reference, steel exports from 
Ukraine fluctuated in the range of USD 7-15 billion in the decade before the war. 

Deployment of renewables and electrolysis capacity for 2.5 Mtpa for can 
create up to 100 000 jobs. A gradual deployment of the capacity over 10 years 
(which is optimistic from the perspective of job creation) would require up to 
100 000 people towards the end of this period (see Figure 2.8). As a comparison, 
in 2021, prior to Russia’s invasion, the entire renewable sector employed about 

 
21  The draft strategy had 1.3 Mtpa in 2035 and 3 Mtpa in 2050, while plans presented during the Ukraine Recovery 
Conference 2023 were more ambitious, with production of 1.5 Mtpa by 2032 and 7.2 Mtpa by 2050 (with nearly half for 
export). 
22 There are several mixed factors. Technology learning will lead to lower costs over time, cost of capital might change over 
time with central banks’ interest rates, early production will most likely be through long-term contracts locking in some of the 
higher costs, so this value is used just to have an indication of the order of magnitude. 

https://energy.ec.europa.eu/system/files/2023-11/Annex%20PCI%20PMI%20list.pdf
https://energy.ec.europa.eu/topics/infrastructure/projects-common-interest-and-projects-mutual-interest/key-cross-border-infrastructure-projects_en
https://energy.ec.europa.eu/topics/infrastructure/projects-common-interest-and-projects-mutual-interest/permitting-schemes-and-process_en
https://ec.europa.eu/environment/eia/pdf/PCI_guidance.pdf
https://ec.europa.eu/environment/eia/pdf/PCI_guidance.pdf
https://tsoua.com/news/pidpysano-memorandum-pro-stvorennya-vodnevogo-korydoru-ukrayina-yes/
https://www.h2euplusstore.com/das-projekt/projektbeschreibung-und-ziele.html
https://www.h2euplusstore.com/das-projekt/projektbeschreibung-und-ziele.html
https://www.ukrinform.ua/rubric-economy/3864944-minenergo-opriludnilo-proekt-vodnevoi-strategii-do-2050-roku.html
https://comtradeplus.un.org/TradeFlow?Frequency=A&Flows=X&CommodityCodes=TOTAL&Partners=0&Reporters=all&period=2023&AggregateBy=none&BreakdownMode=plus
https://h2diplo.de/wp-content/uploads/2024/07/20240702_Review-Hydrogen-Producers-Final.pdf
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40 000 people, of which nearly 45% were employed in the solar PV industry. This 
was about 10% of the labour force for the entire energy sector, which was 
estimated to be 400 000 people in 2018. By 2023, the labour force for renewables 
had halved to 19 000 people, with only 30% working in wind and solar PV. In 2021, 
nearly 565 000 people were employed in the steel sector, of which 15% joined the 
army once the war started. Labour availability may be an issue, not only during 
the ramp-up phase of construction, but also once experience with large-scale 
facilities has been developed. Even in a mature market like the United States, 
where there are about 360 000 workers in the solar industry, 94% of construction 
employers report some difficulty in finding qualified workers. In Germany, there 
are skills gaps in 190 relevant professions and vacancy periods of six months were 
reported for wind technicians. 

Figure 2.8 Direct and indirect job creation from deploying 2.5 Mtpa of hydrogen over 
10 years 

 
IEA. CC BY 4.0. 

Notes: C&M = construction and manufacturing; O&M = operating and maintenance expenses. Assuming a 75/25 split in solar 
PV/onshore wind and global productivity in 2023 instead of Ukraine-specific values. Productivity fixed over time. Jobs 
associated with manufacturing for onshore wind and solar PV have a hatched pattern because those will most likely be 
located abroad. 
Source: IEA analysis based on Hanna et al. (2024), CE Delft (2021), LBST (2021), NRCan (2020), Navigant (2020), Vivid 
Economics (2019), HyNet (2018), UNECE (2021). 

Deployment of hydrogen capacity over 10 years could create up to 100 000 direct and 
indirect jobs in renewables and electrolysis, though many would be temporary positions. 

Over 70% of the jobs are temporary and associated with construction and 
manufacturing. For solar PV and onshore wind, the number of jobs in operation 
and maintenance are at least an order of magnitude smaller than the jobs 
associated with the manufacturing and construction of the assets.23 This means 

 
23 These are the four categories covered in this analysis. There are other categories like trade, professional and business 
services and industry associations, among others, which are excluded. These vary depending on the technology and market. 
For example, in the United States, for solar PV, almost a third of the workforce worked in these areas. 
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https://greendealukraina.org/assets/images/literature/16-green-jobs-research-eng.pdf
https://www.zbw.eu/econis-archiv/bitstream/11159/7868/1/1785419005_0.pdf
https://www.irena.org/Data/View-data-by-topic/Benefits/Renewable-Energy-Employment-by-Country
https://gmk.center/wp-content/uploads/2024/04/2024_Ukr-GMK_Rebuild.pdf
https://www.energy.gov/sites/default/files/2024-08/2024%20USEER%20FINAL.pdf
https://www.enbw.com/unternehmen/themen/windkraft/windenergie-fachkraefte.html
https://www.iea.org/reports/world-energy-employment-2024
https://link.springer.com/article/10.1007/s11625-023-01440-y
https://cedelft.eu/wp-content/uploads/sites/2/2021/04/CE_Delft_200427_Jobs_from_investment_in_green_hydrogen_Def.pdf
https://en.lbst.de/wp-content/uploads/2021/03/Final-Report-Hydrogen-in-NECPs-ID-9501746.pdf
https://www.nrcan.gc.ca/sites/nrcan/files/environment/hydrogen/NRCan_Hydrogen-Strategy-Canada-na-en-v3.pdf
https://gasforclimate2050.eu/wp-content/uploads/2020/03/Navigant-Gas-for-Climate-Job-creation-by-scaling-up-renewable-gas-in-Europe.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/845658/energy-innovation-needs-assessment-hydrogen-fuel-cells.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/845658/energy-innovation-needs-assessment-hydrogen-fuel-cells.pdf
https://hynet.co.uk/wp-content/uploads/2021/06/14368_CADENT_PROJECT_REPORT_AMENDED_v22105.pdf
https://unece.org/sites/default/files/2021-03/Hydrogen%20Roadmap%20Draft%20Report_ENG%20March%202021.pdf
https://link.springer.com/article/10.1007/s11625-023-01440-y
https://www.energy.gov/sites/default/files/2024-08/2024%20USEER%20FINAL.pdf
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that most of the jobs will be temporary, i.e. only for the construction phase, with a 
fraction of the workforce (with different skills) needed afterwards. The number of 
jobs created in electrolysis is highly uncertain, but assuming the operation is 
similar to basic chemical production, there would be around 1.6 jobs for every 
USD 1 million of output, which would lead to about 12 500 jobs for operation of 
the electrolysers once full capacity has been reached. 

Nearly 35% of the jobs are in manufacturing alone, which will most likely be 
located abroad. More jobs are created for the manufacturing of components for 
onshore wind turbines than for their construction, and most of Ukraine’s renewable 
potential is in the form of onshore wind (see Chapter 1. "Taking stock of the effect 
of war"). The share of trade in global deployment is about 20% given that the 
components are bulky and heavy. Europe is a mature market, with over 80% of 
the nacelles, blades and towers for onshore wind being manufactured 
domestically. Ukraine could benefit from its proximity to this leading market and 
import components from Europe. 

More than 80% of the potential jobs are from renewables rather than 
electrolysis. Manufacturing and construction of the electrolyser could be in the 
order of 1 350 jobs per GW, while this could be 4-5 times higher for onshore wind. 
This is considering an optimistic scenario for job creation, while other estimates 
are closer to 500 jobs per GW. Operating the electrolysers is much more complex 
and labour-intensive than operating the renewable assets, but given the larger 
share of labour needed for manufacturing and construction of the renewable 
assets, most of the jobs are still associated with the renewable assets rather than 
electrolysis. As such, if job creation is a major policy goal, the greatest gains can 
be made by pursuing the expansion of renewables, which will be needed to realise 
the electrification plans of the long-term energy strategy and which would also 
result in a higher system efficiency. 

The number of jobs to be created is highly uncertain, depending on the 
methodology used and specific assumptions. A recent review of 121 studies 
on job creation across all power generation technologies found that for the 
construction and installation of solar PV, the difference between the studies with 
the least and most jobs created was a factor of 5.5, decreasing to a factor less 
than 2 for the manufacturing stage. For onshore wind, those two numbers were 
roughly 2 and 3, respectively. For hydrogen, the uncertainty across literature is 
higher, given that studies are unclear regarding the scope (parts of the supply 
chain that are covered), type of jobs (direct and indirect), and stage (construction 
vs operation). Most studies with a comparable scope would create between 2 500 
and 5 000 direct and indirect jobs in manufacturing and construction per GW of 
electrolyser capacity. Another uncertainty is introduced by regional differences for 
wages and investment, and how these affect the specific job multipliers for  
 

https://www.iea.org/reports/energy-technology-perspectives-2024
https://www.csiro.au/en/work-with-us/services/consultancy-strategic-advice-services/CSIRO-futures/Energy/Hydrogen-Electrolyser-Manufacturing-Report
https://link.springer.com/article/10.1007/s11625-023-01440-y
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Ukraine. Given these uncertainties, the numbers above should be taken as an 
indication of the order of magnitude rather than an accurate estimate of the 
number of jobs created. 

Most of the jobs associated with production are for engineers and 
technicians, where there is a shortage in Ukraine. According to a PwC study,24 
20% of the jobs associated with hydrogen production are for engineers, nearly 
40% for technicians, and 30% in corporate roles. These are precisely the areas 
where there is a shortage of staff in Ukraine (see Chapter 1. "Taking stock of the 
effect of war"). Some of the roles that require the most hydrogen-specific 
knowledge are for chemical, commissioning and grid connection engineers, as 
well as managers and process control technicians, and in jobs related to safety 
and quality. At least half of the roles would require some general knowledge about 
hydrogen properties, equipment and safety. Specialised knowledge is required for 
operation of electrolysis and its cooling system. 

There are alternative pools of human capital that could be tapped into. 
Ukraine and Germany have together agreed to open “Unity Hubs”. These are 
centres aiming to provide advice to Ukrainians abroad, including support for a 
voluntary return to Ukraine and help with finding jobs. A post-war programme for 
(re)training of war veterans in renewable- and hydrogen-related areas could also 
be considered. 

Finance 
Producing 2.5 Mtpa of hydrogen would require an investment of about 50% 
of the 2024 GDP. This level of output would require about 25 GW of electrolysis 
and either about 45 GW of onshore wind or 125 GW of solar PV. For reference, 
the total pre-invasion generation capacity was about 44 GW, which plunged to 
20 GW in 2024 (see Chapter 1. "Taking stock of the effect of war"). Installing 
125 GW of solar PV would take a developed market like the United States more 
than 4 years at the deployment pace in 2024 (30 GW). This would be 
approximately equal to ten of the full-scale hydrogen valleys being currently 
planned. The investment need for such facilities (including renewables) would be 
in the order of USD 85-90 billion, 25  with nearly two-thirds of this going to 
renewables. This expenditure would not happen in a single year, but instead be 
spread over several years, but notably, this would be roughly equal to half of the 
USD 180 billion of GDP in 2024. As such, the investment needed for hydrogen  
 

 
24 Based on the oil and gas industry in Australia. 
25 Assuming 5 000 hrs/yr for the electrolyser, 67% efficiency on a lower heating value basis, CAPEX and average capacity 
factors from (DEA, 2024). Solar PV with USD 680/kW in 2023 and 993 full-load hours and onshore wind with USD 1 250/kW 
and 2 803 full-load hours. CAPEX decreases over time with deployment. Renewable capacity is sized based on operating 
hours, efficiency losses and targeted hydrogen volume.  

https://energycentral.com/system/files/ece/nodes/600655/developing-australias-hydrogen-workforce.pdf
https://www.bmi.bund.de/SharedDocs/pressemitteilungen/EN/2025/02/unity-hubs.html
https://www.iea.org/data-and-statistics/data-tools/renewable-energy-progress-tracker
https://www.imf.org/en/Publications/CR/Issues/2024/06/28/Ukraine-Fourth-Review-of-the-Extended-Arrangement-under-the-Extended-Fund-Facility-Request-551207
https://ens.dk/sites/ens.dk/files/urgent_technology_catalogue.pdf
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alone would be 45-65% higher than the total investment needed to reconstruct the 
entire energy system after the war (see Chapter 1. "Taking stock of the effect of 
war"). 

Interest payments could amount to USD 165-175 billion (in nominal terms) 
with a cost of capital of 15%. Once the war ends, the cost of capital is expected 
to return to lower levels as the country risk premium decreases. Assuming a cost 
of capital of 15%,26 the total interest payments (assuming a lifetime of 25 years) 
would amount to nearly twice the investment needs for hydrogen production. 
Annual interest payments could reach a peak of more than USD 12 billion. In 
comparison, direct investment in the entire Ukrainian economy was 
USD 7.5 billion in 2021, and gross international reserves were USD 31 billion. 
Some caveats are, firstly, that the cost of capital will most likely come down as 
experience is developed, and secondly, the capital expenditure will be carried out 
over several years with variable WACC, and projects could also be re-financed, 
meaning that some of the capital might not be exposed to such a high cost of 
capital. However, the high WACC premium in Ukraine can have a significant effect 
on annual flows and balance of payment, given the size of the investments 
required. Moreover, much will depend on how the WACC evolves over time and 
changes to the country risk premium after the war ends. The WACC might also be 
lower by the time most of the hydrogen deployment takes place, or if development 
finance and risk mitigation instruments are used (see Chapter 3. "Unlocking the 
opportunity - A roadmap for action"). If the WACC were reduced to 5%, the interest 
payments would be reduced to USD 55-60 billion. 

26 This is higher than the 12% seen pre-invasion for renewables due to an additional technology risk premium for electrolysis 
and additional hydrogen risks like offtake and infrastructure. 

https://www.elibrary.imf.org/downloadpdf/journals/002/2024/199/002.2024.issue-199-en.pdf
https://www.elibrary.imf.org/downloadpdf/journals/002/2024/199/002.2024.issue-199-en.pdf
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Unlocking the opportunity – A 
roadmap for action 

Highlights 

 Hydrogen represents a long-term opportunity for Ukraine, but action is required 
in the near term to unlock the full benefits. Work over the first 2-3 years after 
the war ends can lay the foundations for future market growth without large 
commitments, such as through studies, planning for regulation and de-risking. 
In a second stage (5 years) pilot projects would be built to develop experience 
in the private sector and inform policy. A final stage (10-20 years) would 
incorporate lessons learnt, with a focus on standardisation, replication and 
simplification to support large-scale deployment. Each stage will require action 
across four pillars: physical assets, regulation, financing and cross-cutting 
aspects. 

 Physical assets cover supply, infrastructure, demand and the supply chain. 
Priorities include developing “lighthouse” projects and hubs to demonstrate the 
integration of various technologies, facilitating offtake for projects through 
policy or financial support and matchmaking platforms, leveraging existing gas 
infrastructure and de-risking the supply chain. This requires a progressive 
approach to deployment that reflects the interconnected nature of the assets. 

 For regulation, providing clarity on legislation that will be applicable to hydrogen 
is a priority, as is harmonisation with EU legislation through the accession 
process, which could have positive effects for hydrogen development. Also 
needed is a certification scheme including methodology to measure GHG 
emissions, governance, scope, chain of custody and requirements. 

 Priority actions for financing include tackling the risks resulting from the war, 
assessing investment needs across the entire value chain, considering 
uncertainties in cost evolution, innovation and learning, and identifying 
potential capital sources that could be used at different stages. Blended finance 
instruments and action to mobilise private capital will be essential as capacity 
starts to ramp up. 

 Several cross-cutting aspects will play a role in development, including 
international collaboration and knowledge-sharing, such as through joint 
projects and platforms. A skilled workforce is needed in government, the 
private sector and research. Lastly, defining technical standards across the 
value chain and ensuring compliance will be key. 
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Hydrogen and its derivatives could offer a valuable opportunity for Ukraine in the 
long term. Taking advantage of this opportunity will require action outside and 
within the energy sector (see Figure 3.1) to improve the business case for 
hydrogen projects. Looking at the economy, improving revenues and public 
finance and debt management will be crucial to balance the public budget and 
enable the necessary investments in reconstruction. From the perspective of 
restoring energy supply, the power sector must be a key priority in order to ensure 
energy security and capacity adequacy. From the lens of decarbonisation, 
hydrogen has a key role to play in sectors where emissions are harder to abate, 
while initial efforts on decarbonisation are needed in the power and heating 
sectors. As Ukraine’s economy and energy system recover from the war period, 
a continual reassessment of the state of the hydrogen industry will be needed, 
with an eye on progress, milestones and actions to be taken based on the latest 
developments.

https://www.iea.org/reports/empowering-ukraine-through-a-decentralised-electricity-system
https://www.iea.org/reports/ukraines-energy-security-and-the-coming-winter
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Figure 3.1 Stages for hydrogen development within the broader context of (non-) energy measures 

IEA. CC BY 4.0. 

Source: IEA analysis based on data from the European Commission (2024) for non-energy and energy areas. 

In the short term, areas other than hydrogen are critical for Ukraine. Hydrogen development could take place in three distinct stages over the 
coming 20 years and beyond. 

Stage 2 (5 years)
Building the experience

Public financial management
• Revenue management
• Public debt management
• Public investment management

Human capital
• Education system
• Functioning of labour market
• Healthcare and social infrastructure

Non-energy

Transport
• Planning of the transport sector
• Improved shipping and port services
• Investment in transport infrastructure

EnergyPower
• Electricity market reform
• Liberalisation of energy prices
• Investment in grid reinforcement

Hydrogen

Stage 1 (2-3 years)
Laying the foundations

Analyses, regulations, processes Lighthouse projects and start of long-lead infrastructure

Stage 3 (10-20 years)
Scaling up and market growth

Large-scale deployment

ACTION PILLAR

Physical Assets Design, construction and operation of the facilities across supply, infrastructure and demand. Supply chain and manufacturing are also in this pillar.

Regulation Domestic regulation to enable future market growth including certification and regulation of the network and foreign regulation related to the EU accession process.

Financing Assessment of investment needs, risk identification, risk mitigation instruments and capital sources to finance hydrogen projects.

Cross-cutting International collaboration, technology transfer, capacity building across the workforce, and technical standards.

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52024PC0172
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A three-stage process for hydrogen development 
Hydrogen development in Ukraine could take place in three distinct stages 
(see Figure 3.1): 

1. Laying the foundations (2-3 years). During this period, efforts would be 
focused on starting the reconstruction of Ukraine’s energy system. This would 
include making regulatory changes to enable renewables deployment and 
support decarbonisation, such as power market reform and energy price 
liberalisation. For hydrogen, this period can be used to analyse the techno-
economic feasibility and define relevant regulations that can provide clarity for 
investors, and to put in place processes like permitting and certification that will 
be needed for hydrogen development. The business environment may not yet be 
conducive to hydrogen deployment, but expansion of renewables to improve 
security of supply would serve to de-risk investment and develop confidence 
among project developers and financial institutions that will be useful for 
renewable hydrogen in subsequent stages. There is limited capital commitment 
at this stage, but the preparatory work undertaken will be essential for future 
market growth. 

2. Building the experience (5 years). At this stage, attention turns to beginning to 
execute some of the plans from the previous stage, experimenting with different 
configurations, players, policies and identifying what works in the national 
context. As much as possible, processes will be standardised during this place 
to enable large-scale deployment at the next stage. By now, policy incentives are 
in place to promote renewable hydrogen supply, the suitability of the existing gas 
infrastructure for repurposing to hydrogen has been assessed, and plans for the 
use of pipelines are starting to be executed. Pilot projects of increasing size are 
being undertaken, the certification scheme is fully in place with criteria that are 
harmonised with the European Union and recognised bodies, and the critical 
hydrogen-related EU policies from the EU accession process are now part of the 
national legislation. 

3. Scaling-up and market growth (10-20 years). During this period, all the 
processes are fully established and standardised, planning is clear and lessons 
learnt from the earlier stages have been implemented. This stage is 
characterised by replication and scaling-up, undertaking large-scale projects, 
achieving economies of scale and driving down costs. There is a mix of domestic 
use for industrial applications and exports. There is visibility on cost 
competitiveness and the outlook for phasing out incentives. The power sector 
and market are now mature and there is experience from the pilot projects for 
renewable hydrogen. Certification now covers hydrogen derivatives like steel and 
ammonia, and has also expanded to cover non-GHG aspects like water 
consumption, land use and social aspects. 
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Devise a strategy for physical assets and supply chain 
integration 

Figure 3.2 Activities across stages for the physical assets pillar 

Priority:  High  Medium  Low

Sub-category 

 Establish production targets for various 
time horizons 

 Assess production pathways from a 
GHG, sustainability and equity perspective 

 Identify the most suitable policies to 
promote the ramp-up of renewable 
hydrogen and factors to consider for each 
one 

 Provide support to initiate feasibility 
studies for small-scale electrolyser 
projects 

 Design a competitive bidding scheme 
for renewables and integrated production 
with hydrogen 

 Estimate supply cost curves for 
renewable hydrogen 

 Assess the cost, potential and timeline for 
hydrogen from nuclear power 

 Use a mix of CAPEX and OPEX 
incentives to close the cost gap 

 Assess the possible use of output-linked 
production incentives 

 Establish a platform to disseminate 
lessons from small-scale projects 

 Provide support to initiate feasibility 
studies for small-scale electrolyser 
projects 

 Assess the cost and potential to produce 
hydrogen derivatives (e.g. ammonia) 

 Put in place a system to monitor 
performance and effectiveness of public 
funding of projects 

 Assess the cost and potential to export 
hydrogen through shipping routes 

 Standardise and optimise design for 
large-scale plants to enable low-cost 
replication 

 Define timeline for incentives phase-out, 
considering market developments 

 Support the construction of large-scale 
hydrogen derivatives plants 

 Assess market potential for domestic 
uptake and willingness to pay by sector, 
considering: 
- Effect on prices of final goods 
- Effect of integration with EU policies 
- Transition plans from industry 
Identify the best applications to stimulate 
demand including low-regret uses 

 Establish matchmaking platforms to 
bring supply, infrastructure and demand 
players together 

 Identify hubs with multiple neighbouring 
hydrogen users that could benefit from 
economies of scale 

 Map geographical (mis)match between 
demand centres and regions with low-cost 
renewables 

 Consider a mix of CAPEX and OPEX 
incentives for the different end uses 

 Put in place price and volume  
incentives to promote hydrogen uptake 

 Establish a platform for price 
transparency using auctions and bid  
data 

 Assess the possibility of subsidy  
stacking to improve the economics of 
hydrogen use 

 Consider the use of public procurement 
to drive demand for low-emissions steel 

 Assess the cost and potential to export 
hydrogen through shipping routes 

 Define timeline for incentives phase-out, 
considering market developments 

 Support the hydrogen uptake at large 
scale in domestic ammonia and steel plant 

 Assess state of natural gas pipelines  
and material suitability for repurposing to 
hydrogen 
 Undertake integrated planning and 
feasibility studies for cross-border 
pipelines to the European Union 
 Carry out risk and suitability assessment 
for repurposing natural gas underground 
storage sites to hydrogen 

 Undertake power grid expansion 
planning considering electrolyser load and 
increased load form electrification 

 Carry out planning of domestic pipelines 
based on prioritised applications and 
cross-border pipelines 

 Assess underground storage needs 
considering demand forecast and 
resilience 

 Identify projects that could be proposed as 
EU Projects of Mutual Interest (PMI) in 
the next cycle 

 Construct pipelines between major 
supply centres and no-regret uses 
 Construct cross-border pipelines 
 Repurpose natural gas pipelines 
considering gas outlook and network 
development plan from previous stage 
 Construct underground storage at 
locations defined in previous stage 
 Repurpose natural gas sites considering 
gas outlook and network development plan 
from previous stage 
 Expand power transmission network to 
unlock flexibility from electrolysers 
 Adjust construction timelines based on 
market developments 
 Expand port and on-site storage 
capacity for hydrogen derivatives (as 
needed) 

 Expand underground storage capacity to 
ensure security of supply 
 Expand network to smaller hydrogen uses 

Stage 3 (10-20 years) 
Scaling up and market growth 

Stage 2 (5 years) 
Building the experience 

Stage 1 (2-3 years) 
Laying the foundations 

Supply 

Demand 

Infrastructure 
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Priority:  High  Medium  Low

Sub-category 

 Perform risk assessment of supply  
chains for renewables and hydrogen 
technologies 
 Assess the impact of trade barriers on 
hydrogen equipment cost 
 Identify alternative suppliers (across 
countries and companies) 
 Establish partnerships with countries  
that have large manufacturing capacity 
(plans) and electrolyser OEMs 

 Remove trade barriers including non-tariff 
measures 
 Track sourcing of materials, components 
and equipment to contribute to market 
transparency 
 Promote the use of domestic sourcing 
for conventional equipment (e.g. 
vessels) 
 Assess the possibility of domestic 
manufacturing for each component and 
technology 

 Perform regular risk assessments to 
ensure diversification of supply 

IEA. CC BY 4.0. 

Activities under the physical assets pillar target supply, demand, infrastructure and the 
supply chain. 

Stage 1 (2-3 years) 

Supply 

Establish targets; identify policy incentives; assess cost, emissions and 
feasibility. During this early phase, a detailed assessment of the production 
pathways can be made, covering cost, emissions and sustainability. Feasibility 
studies for specific locations can be undertaken with a view to deploying pilot 
projects in the next stage. From a policy perspective, the vision and long-term 
targets could be defined, as well as the short-term policy instruments that will be 
used to achieve this vision. Schemes used for renewables could be expanded to 
hydrogen. Competitive bidding schemes, like auctions, have been successfully 
applied in other geographies. These combine competition that can drive down 
the cost (and reduce the extent of public support) with price discovery, which is 
crucial at this early stage when there is no market and no price index. A bottom-
up assessment of the electrolyser cost would help build understanding of how 
aspects like domestic labour cost; engineering, procurement and construction 
(EPC) companies; and transport cost affect the total installed cost for Ukraine. 
By this stage, reconstruction plans would be clearer, allowing for an assessment 
of potential resource competition between electrolysis and other activities, 
especially for water withdrawal and consumption. Similarly, the ramp-up of 
electrification at the local level would enable comparison between the supply cost 
curves for renewables and the electricity demand from electrolysis and other 
sectors. 

Demand 

Quantify market potential and willingness to pay of hydrogen users and 
identify hydrogen demand hubs. The cost gap is one of the most important 
barriers in early stages of development. While it can be closed through 

Stage 3 (10-20 years) 
Scaling up and market growth 

Stage 2 (5 years) 
Building the experience 

Stage 1 (2-3 years) 
Laying the foundations 

Supply chain 

https://cdn.sanity.io/files/3vgl6r6g/production/2e350399abb6557dd2853051beb3f0d070158031.pdf
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incentives, there may be some users who have a higher willingness to pay (WtP). 
This could be a result of high energy prices for the counterfactual commodity, 
companies’ decarbonisation targets or strategy diversification, for example. This 
stage would encompass assessment of the WtP of different users and the 
potential volumes they could take over time, in order to build a demand-cost 
curve. Based on this, a prioritisation of renewable hydrogen use among sectors 
could be developed, considering the geographical match with supply and co-
location of users to take advantage of economies of scale. A matchmaking 
platform has been useful in other regions for connecting different actors, which 
facilitates the emergence of new projects and exchange of lessons learnt, and 
increases the awareness of new initiatives and ideas, thereby supporting 
innovation. 

Infrastructure 

Assess suitability of existing (cross-border) pipelines and underground 
storage sites for hydrogen. Ukraine has vast gas infrastructure that could be 
repurposed for hydrogen, which would drastically cut the costs of transport and 
storage. During this stage, an assessment of the pipeline materials would be 
made, including their susceptibility to hydrogen embrittlement, and the possibility 
of changes in operating conditions or practices that would enable hydrogen 
transport. Once the most promising interconnection points are identified, these 
could be proposed as EU Projects of Mutual Interest (PMI) in order to facilitate 
administrative process and access EU funding sources (such as the Connecting 
Europe Facility). The pipeline corridor from Ukraine to Slovakia, the Czech 
Republic, Austria, and Germany was already proposed in the first PCI/PMI list 
from November 2023, but other corridors could be proposed, or this proposal 
could be renewed. An assessment of the current gas storage sites would be 
made, quantifying the risk of contamination, hydrogen losses and potential cost 
of purification (if needed). The specific pipelines that would be used to connect 
the hydrogen supply centres with the demand hubs, and cross-border pipelines, 
would be identified and planned in an integrated way that incorporates the 
expansion planning of the electricity, gas and hydrogen networks. 

Supply chain 

Map potential supply chains for hydrogen equipment and identify 
alternatives for de-risking. This stage entails identifying potential suppliers for 
renewables assets, electrolysis, and balance of plant, improving understanding 
of risks that could compromise supply, and specifying measures that could be 
used to mitigate those risks, including identifying alternative suppliers. For 
example, China was home to more than 80% of the installed solar PV 
manufacturing capacity in 2023 and utilisation of manufacturing facilities was just 
40%. Any risks related to market consolidation, supply disruption, or trade 

https://www.energy.gov/eere/fuelcells/h2-matchmaker
https://energy.ec.europa.eu/topics/infrastructure/projects-common-interest-and-projects-mutual-interest/pci-and-pmi-selection-process_en
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=OJ:L_202401041
https://www.iea.org/reports/energy-technology-perspectives-2024
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measures could affect both the cost of the equipment, which would affect the 
levelised cost of hydrogen, and the project execution timeline, which would affect 
the returns. In contrast, a large share of the renewable potential for Ukraine is 
from onshore wind, for which Europe has robust manufacturing capacity, with 
shorter transport distances and lower chances of disruption. Establishing 
agreements with large, established companies with a track record of deployment 
(in other regions) could be a way to reduce supply chain risks. 

Stage 2 (5 years) 

Supply 

Refine policy incentives, implement lessons from pilot projects and plan 
large-scale projects. By this stage, there would be some lessons from the 
construction of small-scale projects that can be incorporated into feasibility 
studies and cost assessments of large-scale projects. From the policy 
perspective, there would be a mix of incentives aiming to close the cost gap, with 
support for both CAPEX and OPEX. These may allow for subsidy stacking, 
depending on the type and degree of incentive. The policy instrument used 
should strike a balance between fiscal efficiency and production reliability and 
quality. A monitoring system would have been put in place to keep track of the 
performance of pilot projects and progress towards established targets, as well 
as a single repository of lessons learnt. Ideally, data from pilots, both for the total 
public support and operational data, would be publicly available, which would 
contribute to better cost estimates, price and market formation, and reduce the 
uncertainty of the business model. Feasibility studies for large-scale projects 
would be ongoing, considering various hydrogen derivatives, domestic use and 
export. 

Demand 

Promote demand creation through a mix of financial incentives, demand 
hubs and public procurement. As discussed in Chapter 1 ("Taking stock of the 
effect of war"), domestic hydrogen demand has plunged 80% due to Russia’s 
full-scale invasion. The low-emissions hydrogen route comes at a premium for 
ammonia and steel (see Chapter 2. "The hydrogen opportunity"), so additional 
financial incentives could contribute to closing the cost gap at this early stage 
when there is limited technology learning. The cost gap could also be addressed 
in part by using reconstruction as an opportunity to plan industrial hubs that co-
locate several hydrogen users, and even supply, to reduce infrastructure costs. 
Policy instruments targeting the volume component, like quotas, could also be 
used to provide greater market certainty to supply projects. Another opportunity 
from reconstruction comes from the vast public infrastructure that will be needed: 
It has been estimated that reconstruction would trigger steel demand of nearly 

https://www.sciencedirect.com/science/article/pii/S0959652624021231
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66 Mtpa. If reconstruction is carried out over 20 years, this would be equivalent 
to about 15% of the annual domestic production prior to the invasion. A large 
share would be for buildings where public procurement and building codes could 
play a role in promoting the use of low-emissions materials without having a 
major impact on the final price of the finished building. As an example, in the 
European Union, public procurement represents 14% of GDP and approximately 
1.4% of GDP is allocated to the construction sector. This is expected to be much 
larger for Ukraine during the reconstruction phase. 

Infrastructure 

Support construction and/or repurposing of domestic and cross-border 
pipelines and expand port capacity. Pipelines, underground gas storage 
facilities and port terminals have long lead-times, which for gas are between 
6 and 12 years. As such, for them to be ready at full capacity in the last stage, 
detailed planning and project execution would need to start at this stage. 
Feasibility studies and material assessment were part of the previous stage, so 
here the focus is on execution. If most of the hydrogen infrastructure can use 
repurposed assets, the timelines may be shorter, but there would be additional 
steps like sampling, testing and equipment certification. Similarly, if renewables 
and electrolysis are not co-located, grid reinforcement, or even new lines, might 
be needed. These also have long lead-teams, so work should begin at this stage. 
Port capacity should also be expanded as needed, based on both potential export 
of hydrogen derivatives by ship and the potential import of large equipment 
(e.g. for onshore wind) for the large-scale deployment of the next stage. 

Supply chain 

Diversify the supply chain, track components and assess possibility of 
domestic manufacturing. A diversified portfolio of suppliers from different 
companies, countries and transport routes would decrease the impact of 
disruptions and potential delays. Tracking all the components that go into the 
clean energy equipment would build up the data needed to ensure that 
technology supply chains are secure, resilient, and sustainable. While domestic 
manufacturing might be difficult in the first stage, given the additional investment, 
skilled labour, industry knowledge and cost competitiveness required, by now, 
following some renewable deployment, Ukraine could consider manufacturing 
certain equipment. This would depend on the progress of reconstruction and 
imports might still be a good strategy. To facilitate this, the removal of trade 
barriers, as far as possible, would be beneficial for cost competitiveness. 
Equipment that requires little specialisation, like compressors, pumps and 
meters, could be domestically sourced during this stage. 

https://www.iea.org/reports/definitions-for-near-zero-and-low-emissions-steel-and-cement-and-underlying-emissions-measurement-methodologies
https://eu.bellona.org/publication/gpp-of-cement-and-steel-in-the-eu/
https://www.iea.org/reports/energy-technology-perspectives-2023
https://www.iea.org/reports/energy-technology-perspectives-2023
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Stage 3 (10-20 years) 

Supply 

Support construction of large-scale hydrogen (derivatives) plants and start 
to phase out financial incentives. By this stage, all the incentives would be in 
place, and there would be experience on both the construction and the regulatory 
side. Processes would now be standardised, from project planning and 
execution, to administrative regulatory processes like permitting and certification. 
This would allow for predictability in timelines, higher certainty of project 
execution and lower risks, translating into higher confidence from investors and 
a lower cost of capital. This also opens a broader range of capital sources, 
including long-term investors willing to initially accept lower returns. Limited 
changes would be introduced from one big project to the next, allowing for 
replication and cost reduction through technology learning. Equipment would be 
as modular as possible, with reduced on-site construction enabling faster 
construction periods and earlier revenue generation. At some point during this 
stage, when costs start to come down, financial incentives would start to be 
phased out. This coincides with the steep ramp-up of production, when financial 
incentives would be significant compared to the fiscal budget. 

Demand 

Leverage domestic users to anchor hydrogen demand for large-scale 
projects. If the pre-invasion capacity for ammonia and steel is restored, 
hydrogen-based processes would allow to build back with lower emissions. In 
addition, they could also help provide economies of scale, thereby improving the 
business case for large supply projects. Domestic industrial demand could 
complement export projects, allowing for larger scales, and provide more certain 
demand closer to the supply centres. When the emissions tracking from the 
previous stage is implemented, there might be a premium that can be claimed. 
By this stage, there should be several buyers willing to pay such a premium given 
that deep decarbonisation of industrial sectors is expected in importing markets. 
Uses with smaller typical volumes, like fuel cell trucks, would also benefit from 
these industrial hubs. 

Infrastructure 

Expand storage capacity to ensure security of supply and expand the 
hydrogen network. By now, large volumes of hydrogen would be produced and 
used, which would enable central planning of the system rather than optimisation 
of the individual assets. Security of supply for the system can be achieved by 
using underground storage with large volumes, taking advantage of their lower 
cost by volume. This stage could also see the expansion of the hydrogen network 
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beyond the main transmission lines. This would be justified by the industrial hubs 
and export, but there might be additional (smaller) uses that could also make use 
of the main network. 

Supply chain 

Perform regular risk assessments to ensure diversification of the supply 
chain. Clean technology supply chains should now be mature and diversified. 
However, new risks might have emerged that require a reassessment of 
sourcing, and additional measures to ensure secure and robust supply chains for 
all the clean technology equipment used for renewable hydrogen. 

Establish a clear, predictable and supportive regulatory 
framework 

Figure 3.3 Activities across stages for the regulation pillar 

Priority:  High  Medium  Low 

Sub-category 

 Identify all the legislation that would 
need to be amended to consider 
hydrogen and gaps where new laws 
are needed 

 Permitting:  
- Dedicated areas with pre-clearance 
for 
 RES development 
- Standardised permitting process 
application 
 documents 
- Centralised permit-granting 
authorities 

 Establish a single government body 
responsible for all hydrogen-related 
laws and regulations 

 Identify the policy instruments that 
are most suitable within the national 
energy context to support the critical 
parts of the value chain 

 Identify the parts of the hydrogen 
value chain where public support is 
most critical 

 Revise carbon tax price trajectory to 
promote hydrogen uptake in domestic 
industry 

 Amend legislations mapped in 
previous stage to account for hydrogen 

 Design a competitive power market 
to reduce prices and reward 
electrolyser flexibility 

 Implement most suitable policy 
instruments by part of the supply 
chain 

 Align ETS targets with net zero 
trajectory to promote high carbon 
prices 

 Extend legislative coverage to 
hydrogen derivatives 

 Define intermediate milestones 
towards net zero across hydrogen-
related legislation to provide visibility 
to investors 

 Incorporate the value of long-duration 
energy storage in the power market 

 Assess alternatives for the 
governance and oversight of the 
transmission network 

 Define how the network will be 
regulated in terms of unbundling, 
third-party access and if there are 
phases of implementation 

 Assess alternatives to finance the 
network and set tariffs over time 

 Define regulation and transitional 
periods for repurposed natural gas 
infrastructure 

 Specify technical and quality 
standards compatible with EU 
regulation 

 Align domestic regulation of the 
hydrogen network with EU regulation 

 Integrate long-term planning of 
hydrogen network with power and 
gas infrastructure 

 Implement a finance mechanism that 
considers the lower utilisation of the 
network in early stages of deployment 

 Consider making finance and tariff-
setting methodology and data 
publicly available 

 Apply cost-reflectivity to avoid cross-
subsidisation of network users 

 Revise transitional periods in 
regulation based on market     
developments 

 Complete unbundling of the gas 
and hydrogen networks 

Stage 3 (10-20 years) 
Scaling up and market 
growth 

Stage 2 (5 years) 
Building the experience 

Stage 1 (2-3 years) 
Laying the foundations 
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Priority:  High  Medium  Low 

Sub-category 

 Define methodology to measure 
GHG emissions from hydrogen supply 
chain (aligned with ISO methodology) 
 Define sustainability criteria and 
conditions for hydrogen supply chain 
 Implement a certification scheme 
through legislation 
 Identify changes needed in the power 
sector to track hourly emissions 
intensity of the grid 

 Evaluate if current auditing body for 
electricity could also cover hydrogen 
Guarantees of Origin (GO) 

 Perform a gap assessment for the 
use of EU-approved certification 
schemes 

 Perform a gap assessment for the use 
of digital technologies to track, verify, 
and certify emissions 

 Determine if GO scheme for 
electricity can by expanded to 
hydrogen 

 Transition to granular tracking of 
GHG emissions 
 Ensure interoperability with ither 
certification schemes 
 Establish a digital platform as a 
registry to track all the hydrogen 
emissions 
 Revise certification scheme with latest 
internation standards for measuring 
GHG and other sustainability criteria 
 Expand certification scheme to 
pipelines and consider mass 
balancing 
 Revise certification scheme criteria 
based on market developments 
 Expand certification scheme to 
hydrogen derivatives including 
carbon-containing carriers 
 Ensure alignment between 
certification schemes of hydrogen, 
gas, and power 
 Expand emissions tracking from 
hydrogen derivatives to downstream 
products 
 Consider making GHG emissions 
data publicly available 

 Revise GHG thresholds certification 
scheme in line with net zero pledge 
 Revise sustainability criteria to 
ensure alignment with Sustainable 
Development Goals (SDG) 

 Identify all the existing legislation that 
would need to be amended to adopt 
the EU policy framework 
 Perform an impact assessment of 
integration with EU policies, 
specifically the ones for hydrogen: 
- Hydrogen and Decarbonised Gas 
Package 
- Renewable Energy Directive 
- Emissions Trading Scheme and 
Carbon 
- Border Adjustment Mechanism 
- Standardised permitting process 
- ReFuelEU Aviation 
- FuelEU Maritime 
 Specify a transitional period for full 
adoption of policies 

 Perform an impact assessment of 
integration of European Union’s 2040 
policy package 
 Co-ordinate long-term planning of 
the hydrogen networks with EU Ten-
Year Network Development Plan 
 Design and establish new policies 
that might be needed to cover new 
areas introduces by EU legislation 
 Align technical standards and 
regulations with EU transmission 
system operators 
 Consider impact of EU energy security 
policies on hydrogen storage needs 

 Ensure compatibility with the European 
Union’s net zero trajectory considering 
domestic targets and constraints 

 Design and establish new policies that 
might be needed to cover new areas 
introduced by EU legislation 

IEA. CC BY 4.0. 

Most activities under the regulation pillar are related to domestic regulation, but the 
EU accession process could also introduce incentives for hydrogen uptake. 

Stage 1 (2-3 years) 

Legislative framework 

Identify laws that would require changes for hydrogen and establish a 
simplified and centralised administrative process. The first step is to map 
any existing legislation covering hydrogen (e.g. as an industrial gas) and identify 
the changes needed for its use as a fuel and feedstock. This has been done in 
Australia, for example, where existing acts, standards and policies across the 
gas supply chain were mapped to identify potential barriers in scope and 
coverage for the uptake of sustainable fuels. Another approach is to take a 
specific project and map all the administrative steps and documents needed by 
project stage. An example is from the H2Uppp programme, which did this for 
ammonia in Mexico. It is important to identify the government agencies and 
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https://www.futurefuelscrc.com/wp-content/uploads/RP2.2-01-Legislation-Database-Final-web.xlsx
https://h2lac.org/wp-content/uploads/2024/07/Guia_para_el_desarrollo_de_proyectos_de_amoniaco_verde_en_Mexico.pdf
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departments involved in each of these processes, with the aim of centralising the 
process and ideally developing a single entry point for project developers to use 
for the entire process rather than having to apply to different agencies. 
Government agencies have been mapped in the United States. The concept of 
a one-stop shop has not been fully implemented in any country, but a centralised 
overview of all the funding opportunities has been developed in Germany and 
the Netherlands, for example. Permitting for renewables projects has delayed 
project timelines in developed markets. Ensuring this is standardised and 
expedited would help to de-risk hydrogen projects. Good practices are available, 
for example, from the European Union. This step would also be forward-looking, 
identifying any new legislation needed to promote hydrogen, and tailoring the 
choice and design of the instrument to the relevant part of the value chain. 

Hydrogen network 

Define the regulation of the hydrogen network including technical and 
quality standards. Governance and unbundling of activities are some of the 
aspects to consider. Vertical unbundling (separation of production from 
transmission) and horizontal unbundling (separation of gas and hydrogen 
transmission operation) are some of the design choices to be made at this stage. 
There could also be separation of ownership and operation of the network. Fees 
for accessing the network can be regulated with fixed prices or with negotiated 
prices between parties, with more freedom on contract conditions. The choice 
will affect the role of the regulatory authority in this process, as well as 
competition and price. Financing and cost recovery should also be part of the 
regulation. An asset base with regulated returns (like in the United Kingdom or 
Germany) with a regulated return could be an option. The design should also 
take into account lower utilisation during early phases: some options include 
subsidies or a tariff deferral system, with some of the early losses compensated 
by higher revenues later. These choices do not have to be fixed over time, and 
the regulatory framework can be adapted to market maturity and network size. 
Changes to regulation could be defined either based on a clear timeline or based 
on indicators or milestones (e.g. transported flow). Exemptions might also be 
considered for pipelines that are too small, short, or between two specific assets. 
In either case, it will be important to define a set of principles at the beginning to 
guide the subsequent decisions. These include predictability, transparency, non-
discrimination, monitoring and oversight by a regulatory authority. 

Certification 

Establish a digital hydrogen certification scheme, ensuring consistency 
with the European Union. There are several aspects to consider in the design 
of the scheme. First is the methodology to measure GHG emissions, including 
boundaries of the system, allocation of co-products, and consideration of supply 

https://energy.sandia.gov/wp-content/uploads/2021/03/H2-Regulatory-Map-Report_SAND2021-2955.pdf
https://www.bmwk.de/Navigation/EN/hydrogen/funding-advice.html#id3904814
https://www.rvo.nl/onderwerpen/waterstof
https://energy.ec.europa.eu/topics/renewable-energy/enabling-framework-renewables_en
https://energy.ec.europa.eu/topics/markets-and-consumers/governance-internal-energy-market_en
https://assets.publishing.service.gov.uk/media/64ca0e6c5c2e6f0013e8d92a/hydrogen-transport-storage-minded-to-positions.pdf
https://dserver.bundestag.de/btd/20/100/2010014.pdf
https://assets.publishing.service.gov.uk/media/64ca0e6c5c2e6f0013e8d92a/hydrogen-transport-storage-minded-to-positions.pdf
https://www.bundesnetzagentur.de/DE/Fachthemen/ElektrizitaetundGas/Wasserstoff/Kernnetz/start.html
https://www.acer.europa.eu/sites/default/files/documents/Official_documents/Position_Papers/Position%20papers/ACER_CEER_WhitePaper_on_the_regulation_of_hydrogen_networks_2020-02-09_FINAL.pdf
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chain emissions, among other aspects. Ukraine could consider using the existing 
ISO Technical Specification that defines all these aspects, and which will turn 
into a set of full standards over 2025/2026. Within the scope definition, the 
system could include hydrogen derivatives, which could be an attractive way for 
Ukraine to export hydrogen. Second, define the sustainability criteria and 
whether anything beyond GHG emissions (e.g. water) will be included, and the 
standards that will be used to measure those parameters. Third, governance, 
including the roles and responsibilities of the accreditation body, the certification 
body and the scheme owner. Fourth, the rules for issuing, trading and cancelling 
certificates. This also includes the registry of certificates and the auditing 
process. Fifth, the chain of custody model which defines the correspondence in 
trading the certificates and the actual molecules. Sixth, Ukraine could consider 
the adoption of digital technologies for the issuing and tracing of certificates, 
including blockchain and digital passports. These could improve the accuracy, 
accountability, automation, scalability, transparency and security of the system. 
Lastly, Ukraine could consider using some of the certification schemes already 
approved by the European Union. This would ensure consistency and 
recognition by the European Union, thereby facilitating trade. 

Integration with EU policies 

Assess the impact of the EU accession process and identify legislation that 
would need amendment. Ukraine applied for EU membership in February 2022 
and started negotiations in June 2024 as part of a broader process across the 
entire economy. For hydrogen demand specifically, there are quotas for 
renewable hydrogen in the Renewable Energy Directive (RED) (targeting 
industry and transport), FuelEU Maritime and ReFuelEU Aviation. 1  Being a 
Directive, RED would need to be transposed into national legislation, and there 
is some flexibility regarding the specific instruments that will be used to reach the 
targets. It also provides visibility until 2035. In contrast, the other two instruments 
are regulations, which mean they are directly applicable, and targets that extend 
to 2050. The Emissions Trading System (ETS) would also be useful to close the 
cost gap for industrial applications. Ukraine has a carbon tax of less than 
USD 1/t CO2 (see Chapter 1. "Taking stock of the effect of war") and is planning 
to introduce an ETS in 2025, but adopting more ambitious reduction targets 
would contribute to higher carbon prices and a smaller cost gap for renewable 
hydrogen. ETS certificates traded at EUR 55-80/t CO2 in 2024 and could reach 
levels of EUR 100-150/t CO2 by 2030. This 2030 level would be equivalent to 
roughly USD 1-1.5/kg of cost penalty for the conventional gas route, and would 
therefore not close the cost gap on its own. The hydrogen and decarbonised gas 

1 ReFuelEU Aviation has a quota for sustainable aviation fuel (SAF) overall and a minimum sub-quota for synthetic fuel. 
FuelEU Maritime also has a GHG reduction target which could indirectly trigger demand for renewables although that is 
unlikely given the cost premium in the short term. 

https://www.iso.org/standard/65628.html
https://www.iea.org/reports/global-hydrogen-review-2024
https://hydrogencouncil.com/wp-content/uploads/2023/08/Hydrogen-Certification-101.pdf
https://www.iea.org/reports/towards-hydrogen-definitions-based-on-their-emissions-intensity
https://hydrogeneurope.eu/wp-content/uploads/2023/09/H2Global-Stiftung-Policy-Brief-05_2023-EN.pdf
https://energy.ec.europa.eu/topics/renewable-energy/bioenergy/voluntary-schemes_en
https://www.president.gov.ua/en/news/volodimir-zelenskij-pidpisav-zayavku-na-chlenstvo-ukrayini-u-73249
https://www.consilium.europa.eu/en/press/press-releases/2024/06/25/eu-opens-accession-negotiations-with-ukraine/
https://neighbourhood-enlargement.ec.europa.eu/document/download/1924a044-b30f-48a2-99c1-50edeac14da1_en?filename=Ukraine%20Report%202024.pdf
https://eur-lex.europa.eu/eli/dir/2023/2413/oj
https://eur-lex.europa.eu/eli/reg/2023/1805/oj
https://eur-lex.europa.eu/eli/reg/2023/2405/oj
https://eur-lex.europa.eu/eli/dir/2023/959/oj
https://icapcarbonaction.com/en/news/ukraine-plans-launch-ets-2025
https://ariadneprojekt.de/media/2023/01/Ariadne-Documentation_ETSWorkshopBruessel_December2022.pdf
https://energy.ec.europa.eu/topics/markets-and-consumers/hydrogen-and-decarbonised-gas-market_en
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package defines the full regulatory framework for hydrogen networks discussed 
in the previous point, so adopting such a policy would simplify policy design and 
would also facilitate trade by pipeline. 

Stage 2 (5 years) 

Legislative framework 

Amend existing legislation and put in place new policies to support 
hydrogen uptake. The legislation mapped in the previous stage would be 
amended at this stage. Similarly, the policy instruments that were designed 
during the previous stage would come into force during this stage, providing 
clarity to the private sector and paving the way for reaching scale at the next 
stage. On the supply side, the power market could compensate for the flexibility 
that electrolysers can provide. Hydrogen could act as energy storage and provide 
services like time shifting or load smoothing, but electrolysers could also act as 
a positive load ramping down the capacity when the residual load is high. The 
power market should be able to compensate the different forms of demand 
response and energy storage. Hydrogen storage is usually needed for the last 
share of decarbonisation and it is meant for longer durations that couple well with 
wind (while batteries are usually better for the daily cycles of solar PV). However, 
long-duration storage could also enhance the role of batteries. All of this will only 
be possible once the power market reform from the first stage has been 
implemented and the market allows for different market windows, and 
incentivises different types of flexibility. On the demand side, a high carbon price, 
either from the upcoming ETS or the existing carbon tax, would help to close the 
cost gap for renewable hydrogen use. 

Hydrogen network 

Integrate electricity and gas network expansion planning and compensate 
operators for lower utilisation. Large-scale electrolysis would start in the next 
stage, but if infrastructure planning is not co-located with renewables, it should 
start in this phase. This would be necessary for hydrogen pipelines and electricity 
transmission lines, both of which have long lead-times. Utilisation of the hydrogen 
should still be low by the end of this stage, so the mechanism to compensate 
network operators for lower utilisation should be in place. If Ukraine’s gas 
infrastructure can be repurposed to hydrogen, then most of the capital investment 
will have already been written off, leaving the OPEX as the main driver of the 
transport cost, and no need for such compensation. Either way, the network 

https://energy.ec.europa.eu/topics/markets-and-consumers/hydrogen-and-decarbonised-gas-market_en
https://www.sciencedirect.com/science/article/pii/S1364032118307421
https://www.mdpi.com/1996-1073/12/6/1032
https://www.mdpi.com/1996-1073/12/6/1032
https://www.sciencedirect.com/science/article/pii/S0360544217309969
https://www.sciencedirect.com/science/article/pii/S0360544217309969
https://www.sciencedirect.com/science/article/pii/S2542435120303251
https://fsr.eui.eu/european-gas-transmission-tariffication-is-it-really-fit-for-an-internal-gas-market/
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tariffs should by cost-reflective2 and, ideally, all the information regarding network 
financing and tariff-setting should be publicly available. 

Certification 

Expand the scope of the certification scheme, digitise and revise based on 
market development. If not already defined in the previous stage, this stage 
would expand the scope of the scheme to cover the transport step and hydrogen 
derivatives. Ideally, it would also expand the sustainability criteria beyond GHG 
emissions to cover aspects like water, land use and social criteria. This stage 
would transition (or at least provide a clear timeline for transition) to (sub-)hourly 
measurement of GHG emissions to increase the accuracy of measurement, but 
also to reduce the risk of increasing the system’s emissions. By now, the scheme 
should be fully digitised in a single registry enabling the secure trading of 
certificates and access to the data. The scheme should be fully compatible with 
the EU schemes, with an automatic equivalence (if not the same). Ideally, the 
registry information would be publicly available to enable transparency and allow 
further analysis from civil society. Experience from the first stage would provide 
information on the feasibility of measuring and achieving the sustainability 
criteria, and whether a revision of the reduction trajectory is needed. 

Integration with EU policies 

Assess the impact of the European Union’s 2040 policy package and align 
hydrogen network development. In February 2024, the European Commission 
set a target of 90% GHG emissions reduction by 2040. Based on the timeline for 
development of previous targets, the legislation for the 2040 targets could be in 
place by 2027-2028. The implications for hydrogen in Ukraine are twofold. First, 
more ambitious targets would trigger a larger hydrogen demand and a higher 
WtP in the European Union, making the case for export more attractive in terms 
of price premium and volumes. Second, if the EU policies are adopted as part of 
the accession process, domestic hydrogen demand could also be higher. With 
regards to infrastructure, every 2 years, the network transmission operators 
create a non-binding Ten-Year Network Development Plan (TYNDP) that 
provides visibility of the network flows and enables planning for capacity 
expansion or changes. Since 2018, a combined TYNDP has been developed by 
gas and electricity networks, given the increasing level of interaction between 
both systems. Ukraine could participate in such a process to ensure there is 
adequate capacity at the right time in the EU network for the export flows by 

2 Based on a margin over cost without taking advantage of the monopolistic nature for higher profits. 

https://fsr.eui.eu/european-gas-transmission-tariffication-is-it-really-fit-for-an-internal-gas-market/
https://www.irena.org/publications/2022/Jul/Global-Hydrogen-Trade-Outlook
https://climate.ec.europa.eu/eu-action/climate-strategies-targets/2040-climate-target_en
https://2024.entsos-tyndp-scenarios.eu/
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pipeline. Aligning with the European Union’s energy security policy (e.g. days of 
gas – or, in the future, hydrogen – storage) would also be beneficial for Ukraine 
at this stage. 

Stage 3 (10-20 years) 

Legislation framework 

Incorporate the value of long-duration energy storage in the power market. 
The power sector should be well on its decarbonisation journey by this stage, 
with high shares of renewables. At this point, the need for flexibility extends 
beyond hours and days, and seasonal variability becomes more important. 
Hydrogen can provide seasonal flexibility in two ways. First, by ramping up and 
down the electrolyser and changing the demand profile. Second, by coupling the 
electrolyser with storage and using the hydrogen for power generation during 
periods of low renewable generation. This pathway has a relatively low (21-27%) 
roundtrip efficiency, which means the initial electricity price will be multiplied by 
a factor of 4-5. The power market should be designed to promote these additional 
sources of flexibility, for example through a capacity market. 

Demand 

Unbundle the gas and the hydrogen networks. Hydrogen flows should be 
quickly ramping up during this stage, reducing the need for cross-subsidisation 
from the gas network and its users. Subsidies for low utilisation should be phased 
out during this stage, and there would be greater visibility of the ramp-up of 
volumes in view of the net zero targets for the system. 

Certification 

Align sustainability criteria with a net zero trajectory. By now the scheme 
would be fully in place and will have been continuously used. The main action 
would be to revise the sustainability criteria, especially the GHG emissions, to 
align with system-wide GHG targets and the net zero trajectory. This could be 
enforced by phasing out incentives for higher-emissions routes earlier or 
introducing (additional) penalties for those routes. Since the basic sustainability 
criteria should now be covered, alignment with the broader set of Sustainable 
Development Goals (or equivalent) should be sought. 

Integration with EU policies 

Revise legislation targeting a net zero trajectory, considering domestic 
constraints. With clarity on the 2040 policies, this stage would provide visibility 
on the path to net zero emissions. While the time horizon enshrined in the 
EU Climate Law is 2050, the point in time for Ukraine to reach this target may be 

https://www.iea.org/reports/managing-seasonal-and-interannual-variability-of-renewables
https://www.iea.org/reports/managing-the-seasonal-variability-of-electricity-demand-and-supply
https://www.iea.org/reports/managing-seasonal-and-interannual-variability-of-renewables
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different, based on the progress of the reconstruction process and other factors. 
New policies (e.g. carbon removal) might also be needed to achieve such a goal, 
so this stage would cover both the expansion of existing policies and drafting of 
new ones. 

Financing the hydrogen opportunity: Capital sources 
and risk mitigation 

Figure 3.4 Activities across stages for the financing pillar 

Priority:  High  Medium  Low 

Sub-category 

 Assess investment needs for hydrogen 
uptake by part of the supply chain 

 Assess potential effect of uncertainties 
including technology learning, policy 
effects, supply chain disruptions 

 Identify programmes that could be used to 
channel international funds to specific 
projects and initiatives 

 Update investment needs based on real 
costs from small-scale projects 

 Split finance needs by risk profile to be 
able to match to investors 

 Update infrastructure costs based on 
pipeline construction projects globally 

 - 

 Evaluate the use of insurance of war 
risks (e.g. as in Germany) 

 Work with development banks to identify 
financial instruments that can mitigate 
political risk (e.g. The Multilateral 
Investment Guarantee Agency from the 
World Bank) 

 Work with financial institutions to identify 
financial instruments to mitigate the 
currency risk (e.g. contract currency,  
FX forwards) 

 Perform a risk assessment for supply and 
infrastructure projects involving domestic 
and foreign private sector and civil society 

 Determine the effectiveness of measures 
based on pilot projects and feedback from 
financial institutions 

 Establish a platform for price 
transparency using auctions and bid data 

 Assess the cost and potential to export 
hydrogen through shipping routes 

 Perform an ex-post analysis of the effect 
of risk mitigation measures 

 Map financial institutions’ risk profiles to 
project types 
 Consider setting up a dedicated fund for 
reconstruction with mixed capital sources 
 Identify the development finance that 
could be expanded to cover hydrogen 

 Evaluate the leverage ratio of different 
financial institutions 

 Estimate potential foreign private capital 
that could be triggered by policies based 
on project pipeline and corridors 

 Assess share of debt that could be used 
for different parts of the value chain 
considering risk mitigation instruments 

 Assess potential public funding that could 
come from the European Union (e.g. PMI) 

 Establish blended finance mechanisms 
to bring public and private capital together 
 Enable the use of special purpose vehicles 
and project finance 
 Establish dedicated financing initiatives 
for low-emissions hydrogen 
 Promote the use of foreign direct 
investment in hydrogen projects 
 Consider the use of results-based 
finance and guarantees to reward best 
performers 
 Develop a finance taxonomy aligned with 
international standards 

 Promote the use of private capital and 
debt to finance hydrogen projects 

 Enable hydrogen TSOs to self-finance 
network expansion 

IEA. CC BY 4.0. 

Financing hydrogen deployment requires quantifying the capital needed, identifying the 
potential sources and mitigating the project risks. 

Stage 1 (2-3 years) 

Financial needs 

Assess the investment needs for the hydrogen supply chain, uncertainties 
and potential funding programmes. A complete assessment of the investment 

Stage 3 (10-20 years) 
Scaling up and market growth 

Stage 2 (5 years) 
Building the experience 

Stage 1 (2-3 years) 
Laying the foundations 

Financial 
needs 

Risk 
mitigation 

Capital 
sources 
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needs would be carried out at this stage, to understand potential uncertainties 
from current capital costs (which still correspond to a first-of-a-kind plant) and the 
cost reduction potential from innovation, learning and economies of scale. 
Considering the export case by pipeline, a big uncertainty lies in the possible use 
of existing cross-border gas pipelines based on their material and condition, but 
that should also be cleared at this stage (see “Infrastructure” section). Estimates 
for the entire supply chain allow for an order of magnitude estimate of the capital 
needs, but a more accurate estimate will be needed for the first pilot projects of 
the next stage. In parallel, mapping the potential risks associated with the capital 
deployment would allow for identification of risk mitigation instruments and 
matching with capital sources that seek a similar risk profile. 

Risk mitigation 

Identify risk mitigation instruments that can address war and political risks. 
There are currently three types of organisations covering these risks. First, 
among international financial institutions, the World Bank has provided 
USD 215 million of coverage against war risk since 2022. Part of the support was 
the launch of a specific trust fund for political risk insurance (and credit 
enhancement) that was worth USD 114 million by October 2024, which could 
grow to USD 300 million. Second, development finance institutions can also 
provide insurance to mitigate war risks. For example, the development finance 
institution from the United States has committed USD 407 million for political risk 
insurance targeting manufacturing and agriculture. 3  The European Bank for 
Reconstruction and Development also launched a USD 113 million war risk 
insurance facility in November 2024, initially covering inland cargo, damage to 
motor vehicles, and railways. Third, Export Credit Agencies (ECA). For example, 
Bpifrance offers an insurance to French companies looking to invest in Ukraine, 
covering up to 95% of the investments and covering risks for property damage 
or political events. The Ukrainian ECA has been able to insure investments 
against political and war risks since the beginning of 2024. Its coverage of 
Ukrainian exports reached 45% (from 16%) in June 2024, and the ECA supported 
almost USD 200 million of exports in 2024. 

Risk mitigation 

Use credit enhancement mechanisms to decrease the risk of early 
investments. By October 2024, about USD 16.5 billion of financial guarantees 
had been committed by several governments. Only a fraction of this capital 
targets the energy sector, but it is an example of capital that can decrease the 
risk of investment losses and improve the quality of credit. This allows for a lower 
cost of capital for loans. Guarantees have the advantage over other types of 

3 USD 357 million in June 2024 and USD 50 million in November 2024. 

https://www.miga.org/press-release/miga-expands-insurance-support-ukraine
https://www.miga.org/support-ukraines-reconstruction-and-economy-trust-fund-sure-tf
https://www.miga.org/support-ukraines-reconstruction-and-economy-trust-fund-sure-tf
https://www.miga.org/support-ukraines-reconstruction-and-economy-trust-fund-sure-tf
https://www.ebrd.com/news/2024/ebrd-and-aon-launch-innovative-war-risk-insurance-facility-for-ukraine.html
https://me.gov.ua/News/Detail/0a9ebbb0-cd7e-4a30-8f4c-4ca0d4dd104c?lang=en-GB&title=FranceWillInsureItsCompaniesInterestedInRebuildingUkraineAgainstWarRisks
https://aequo.ua/en/analytics/ukrainian-export-credit-agency-will-be-able-to-insure-investments-against-war-and-political-risks
https://www.dentons.com/en/insights/articles/2024/june/10/export-credit-agency-continues-to-strengthen-safety-net-for-investors-in-ukraine
https://gmk.center/en/news/eca-supported-uah-885-million-of-exports-in-october/
https://www.ifw-kiel.de/publications/ukraine-support-tracker-data-20758/
https://www.dfc.gov/media/press-releases/dfc-announces-357-million-new-political-risk-insurance-ukraine-russias
https://www.dfc.gov/media/press-releases/dfc-commits-50-million-new-political-risk-insurance-expand-war-insurance
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instruments in that they are only used upon an instance of non-payment from a 
borrower. This enables the mobilisation of more capital per dollar deployed. An 
example of these guarantees is the Advancing Needed Credit Enhancement 
(ADVANCE) Trust Fund from the World Bank which provides over USD 1 billion 
of capital and includes renewable energy generation as one of the areas 
targeted. The European Union also announced EUR 350 million of loan 
guarantees for investments in renewables, storage, transport, industry (including 
steel) and construction materials. Like the political risk insurance, some of the 
capital is also being deployed through ECAs to enable foreign companies to 
invest in Ukraine and to ensure the continuation of exports to Ukraine. In an 
example from Austria, the government expected the effective interest rate for the 
funds attracted to not exceed 3%. OECD countries also define the minimum 
interest rates that official financing support for export credits should have (as a 
function of maturity). In February 2025, these were 2.9%, 5.2% and 5.1% for 
Euro, US dollar, and British pound denominated bonds. 

Capital sources 

Identify capital sources that could be used for the different stages 
considering leverage ratios and leveraging development finance. This stage 
would aim to match the finance needs by part of the value chain to potential 
investor types depending on the risk profile. This would ideally be done 
considering the different maturity levels of the market, but given the high 
uncertainty associated with the post-war period, the key step would be to 
determine the sources that could be used for the pilot projects from the next 
phase. For this, part of the reconstruction funds and development finance 
targeted to renewables and industry could be expanded to include hydrogen 
(e.g. direct reduced iron production). While the investment needs for hydrogen 
are large (see Chapter 2. "The hydrogen opportunity"), investments at Stage 2 
are smaller, given the focus on pilot projects, and there is also a large amount of 
capital targeting reconstruction of the energy sector (see Chapter 1. "Taking 
stock of the effect of war"). Some assumptions around the way the public capital 
will be deployed are also needed at this point since different financial instruments 
have different leverage ratios. A dollar channelled through direct funding 
instruments (e.g. loan) will mobilise a different amount of private capital to one 
channelled through risk mitigation instruments (e.g. guarantees) or market 
incentives (e.g. fixed premium). A loan guarantee could mobilise more than  the 
amount of public funding provided, while capital deployed by multilateral 
development banks (where around two-thirds of the finance is through loans) 
mobilises on average less than USD 0.4 for every USD of public funding. 

https://www.worldbank.org/en/news/press-release/2024/12/17/new-world-bank-support-package-aims-to-strengthen-ukraine-economy-and-improve-financial-stability
https://neighbourhood-enlargement.ec.europa.eu/news/eu-signs-eu14-billion-new-guarantee-and-grant-agreements-support-ukraines-recovery-and-attract-2024-06-11_en
https://www.gtreview.com/news/europe/ukraine-turns-to-ecas-as-reconstruction-efforts-gather-pace/
https://www.kmu.gov.ua/news/ukraina-i-avstriia-domovylys-pro-ekonomichnu-spivpratsiu-u-rozvytku-proektiv
https://www.oecd.org/content/dam/oecd/en/topics/policy-sub-issues/financing-terms-and-conditions/cirrs.pdf
https://www.wri.org/insights/mdb-climate-finance-2023
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Stage 2 (5 years)

Financial needs 

Update finance needs with cost data from pilot projects. This stage should 
provide some initial data on the real performance of projects. Even though the 
data are small scale and refer to first-of-a-kind plants, they could serve to 
calibrate cost estimates and reduce the uncertainty regarding the projects in the 
next stage. This increases the certainty of the capital needed and allows for better 
matching with the capital sources and funding programmes. 

Financial needs 

Split finance needs by project type and risk profile to match with capital 
sources. The risk allocation in hydrogen projects will be different if it is a stand-
alone production project for export, a hub with co-located demand or just the 
infrastructure. At this stage, the risks associated with each project type need to 
be identified to understand how those risks are allocated across the different 
stakeholder types, and to be able to match the finance needs along the value 
chain to the right stakeholder. For example, debt-based infrastructure funds 
usually have longer time horizons (up to 30 years) but could require a higher 
premium. A development finance institution has a higher risk tolerance and also 
requires a lower premium, but their contribution is usually a much smaller share 
of the total project cost. A pension fund might be more suitable for refinance 
during the operational phase once the construction and technology risks have 
been cleared. 

Risk mitigation 

Address offtake risk to unlock final investment decisions for the large-
scale projects of the next stage. One way to split the hydrogen project risks is 
by stage (pre- and post-final investment decision [FID]). The most critical pre-FID 
project-specific risk is the offtake risk, which can be decomposed into certainty 
(binding character), price (premium over production cost) and volume (share of 
the production that is covered). Some alternatives to deal with the volume 
component include (sectoral) quotas such as those of the European Union, 
public procurement (e.g. for steel, discussed previously in this chapter), a double 
auction mechanism (which also tackles the price risk), and demand aggregation 
platforms that bring different users together to avoid projects needing to rely on 
a single off-taker. The price risk could also be tackled through fixed premiums, 
Contracts for Difference or Carbon Contracts for Difference (converted to 
hydrogen prices), which have a common duration of 10-15 years. To enhance 
certainty, long-term offtake agreements could be used to provide visibility on the 
revenues over time, which is essential when project finance is used. To date, 

https://openknowledge.worldbank.org/server/api/core/bitstreams/1624d96d-4ad0-4584-82c8-7b106a76555a/content
https://openknowledge.worldbank.org/server/api/core/bitstreams/1624d96d-4ad0-4584-82c8-7b106a76555a/content
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32023L2413&qid=1699364355105
https://www.sciencedirect.com/science/article/pii/S0959652624021231
https://www.h2-global.org/the-h2global-instrument
https://www.h2-global.org/the-h2global-instrument
https://www.oecd.org/en/publications/leveraging-de-risking-instruments-and-international-co-ordination-to-catalyse-investment-in-clean-hydrogen_9a377303-en.html
https://www.bruegel.org/system/files/wp_attachments/PC-2021-15-commercialisation.pdf
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these contracts have typically been for periods shorter than the lifetime of the 
project, but as Ukraine reaches this stage, the global hydrogen market might be 
more developed, with contracts from (European) off-takers that have a longer 
duration. Once the project takes FID, the offtake risk changes to counterparty 
risk and it is linked to the creditworthiness of the off-taker. Credit guarantees 
could be used to decrease this risk (as already done for other parts of the 
economy), as could credit enhancement mechanisms like credit default swaps or 
loan loss reserves. 

Capital sources 

Develop a sustainable finance taxonomy aligned with international 
standards. A sustainable finance taxonomy is a classification system that 
identifies the activities, assets and project categories that deliver climate and 
sustainability objectives towards identified targets. Such a taxonomy could allow 
Ukraine to tap into a new pool of capital. In 2023, more than USD 1.2 trillion of 
sustainable debt was issued, with more than 40% of this for energy and utilities. 
Over three-quarters of sustainable debt issuance is concentrated in developed 
regions, but there are signs of expansion in emerging markets and developing 
economies (EMDEs). NEOM, one of the largest projects with an FID in an EMDE, 
used “green loans” as part of its financing structure. By February 2024, there 
were 47 taxonomies around the world, so there are plenty of examples that 
Ukraine could use as reference. Some of the aspects to be covered in the 
taxonomy design are the strategic goal, the environmental objectives, sectoral 
coverage, performance criteria, governance and reporting guidelines. Finance 
taxonomies are closely linked to rules for debt issuance and reporting 
requirements for financial institutions. The taxonomy should be closely aligned 
with guidance on transition finance for the private sector, for which there are 
multiple guidance documents from organisations such as ICMA, CBI, GFANZ, 
OECD and others. Ukraine already has a starting point: in June 2021, a law 
establishing green bonds as a new financial instrument was passed, and there is 
previous analysis on developing a green finance taxonomy for Ukraine. 

Stage 3 (10-20 years)

Risk mitigation 

Perform an ex-post assessment of the effectiveness of risk mitigation 
measures. Deployment to full scale will take several years, creating the 
opportunity to learn from early projects and adapt policies and regulations as 
needed. In the United Kingdom, for example, the government has launched two 
rounds of the Hydrogen Production Business Model, a mechanism that provides 
revenue support by providing subsidies to producers with allocation taking place 
through a competitive scheme. The government is developing the approach for 

https://www.oecd.org/en/publications/leveraging-de-risking-instruments-and-international-co-ordination-to-catalyse-investment-in-clean-hydrogen_9a377303-en.html
https://www.icmagroup.org/assets/documents/Sustainable-finance/ICMA-Overview-and-Recommendations-for-Sustainable-Finance-Taxonomies-May-2021-180521.pdf
https://www.iea.org/reports/world-energy-investment-2024
https://www.neom.com/en-us/newsroom/neom-green-hydrogen-investment
https://www.sbfnetwork.org/wp-content/uploads/2024/05/SBFN-Toolkit_Sustainable-Finance-Taxonomies.pdf
https://documents1.worldbank.org/curated/en/953011593410423487/pdf/Developing-a-National-Green-Taxonomy-A-World-Bank-Guide.pdf
https://documents1.worldbank.org/curated/en/953011593410423487/pdf/Developing-a-National-Green-Taxonomy-A-World-Bank-Guide.pdf
https://documents1.worldbank.org/curated/en/374051622653965991/pdf/Toolkits-for-Policymakers-to-Green-the-Financial-System.pdf
https://www.icmagroup.org/sustainable-finance/the-principles-guidelines-and-handbooks/climate-transition-finance-handbook/
https://www.climatebonds.net/files/reports/cbi_fincredtransitions_final.pdf
https://assets.bbhub.io/company/sites/63/2023/11/Transition-Finance-and-Real-Economy-Decarbonization-December-2023.pdf
https://www.oecd-ilibrary.org/environment/oecd-guidance-on-transition-finance_7c68a1ee-en
https://zakon.rada.gov.ua/laws/show/3480-15#n2163
https://www.undp.org/sites/g/files/zskgke326/files/2022-08/UNDP-UA-green-taxonomy-report-ENG.pdf
https://assets.publishing.service.gov.uk/media/6761915126a2d1ff18253493/hydrogen-strategy-update-to-the-market-december-2024.pdf
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
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future allocation rounds based on lessons learnt from the first two rounds to 
ensure they deliver on the government's priorities. Similarly, in the 
European Union, the terms and conditions of the second auction of the European 
Hydrogen Bank were changed with regards to the ceiling price and terms of the 
completion guarantee, and a specific portion was assigned to a sector (maritime). 
A similar approach could be followed to design the policy instruments in the last 
part of Stage 3 when the market starts to mature. 

Capital sources 

Tap into alternative models of financing to unlock capital for the large-scale 
projects. Given that the investment needs for hydrogen are relatively large for a 
single funder, blended finance instruments that pool resources from different 
stakeholders could be used, making the individual contributions accessible to a 
broader range of actors. This approach has been used in the Green Hydrogen 
Facility Fund in Chile, for example.4 This is a USD 1 billion fund which combines 
funding from multilateral and national development banks with national funds,5 
and is expected to leverage USD 12.5 billion of private capital. This capital would 
be enough to finance the full size of the hydrogen valley in Reni (see 
Chapter 2.  "The hydrogen opportunity") of 3 GW of electrolysis. Project finance 
can also be an alternative to fund hydrogen projects. In Ukraine, the conditions 
that favour project finance include its potential use for capital-intensive assets in 
countries with high political risk and weak creditor rights, while not impacting the 
credit record of the borrowers, since the loans are linked to the cash flows of the 
project rather than the creditworthiness and balance sheet of the borrowers. At 
the global level, more than half of the climate finance in 2022 was in the form of 
project finance. This varies by region, sector and technology. For the electricity 
sector, project finance can account for about one-third, and for transport, about 
45%. Solar PV and wind are increasingly financed on a project basis. For 
example, project finance is used for over 95% of the solar PV capacity in 
Germany, and for over 70% of the offshore wind capacity in the European Union. 
This will only be possible for Ukraine once the market matures towards the end 
of Stage 3. 

Capital sources 

Increase reliance on debt rather than equity for large-scale projects. Higher-
risk projects are usually financed with more equity than debt given its higher 
expected returns, which are only possible upon a higher exposure to risk. The 
debt-to-equity ratio is affected by geography (country and political risks), 

4 Chile has a very different risk profile and renewable track record to Ukraine today, so using blended (and project) finance 
will depend on the progress made to reduce risk before Stage 3. 
5 USD 400 million from the Inter-American Development Bank, USD 150 million from the World Bank, USD 110 million from 
the European Investment Bank, USD 110 million from the German Development Bank (KfW) and national funding through 
CORFO (national development agency). 

https://climate.ec.europa.eu/eu-action/eu-funding-climate-action/innovation-fund/competitive-bidding_en#if24-auction
https://climate.ec.europa.eu/document/download/b996825e-cd36-44c1-895d-a780062f626d_en?filename=2024%2009%2025%20Final%20TC_2nd%20Round%20RFNBO%20H2_IF_TCforPUBLICATION_Clean.pdf
https://www.hacienda.cl/noticias-y-eventos/noticias/gobierno-presenta-fondo-por-us-1-000-millones-para-el-desarrollo-del-hidrogeno
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2876524
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2876524
https://www.climatepolicyinitiative.org/publication/global-landscape-of-climate-finance-2024/
https://www.iea.org/reports/world-energy-investment-2024
https://www.sciencedirect.com/science/article/pii/S0140988317303870
https://windeurope.org/intelligence-platform/product/financing-and-investment-trends-2022/
https://www.iadb.org/en/news/idb-approves-400-million-loan-boost-chiles-green-hydrogen-industry
https://www.worldbank.org/en/news/press-release/2023/06/29/chile-to-accelerate-its-green-hydrogen-industry-with-world-bank-support
https://www.eib.org/en/press/all/2023-279-chile-eib-to-finance-climate-action-projects-in-chile-with-more-than-eur300-million-including-its-first-green-mortgage-loan-outside-europe
https://www.kfw.de/About-KfW/Newsroom/Latest-News/Pressemitteilungen-Details_833344.html
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technology/sector and market maturity. For example, across technologies, low-
carbon fuels had a debt share of about 20% between 2018 and 2023, whereas 
low-carbon power generation had debt shares of 50% for the same period. 
Similarly, a developed market like Europe had average debt shares of 55% 
across energy assets, while India had 20%. In terms of maturity, an example is 
from offshore wind in Denmark, which went from (estimated) debt shares of 
nearly 25% in 2008 to 70% in 2017 with capacity nearly tripling during this period. 
Likewise, the (real) debt ratio for solar PV in Germany went from 70% in 2003 to 
almost 90% in 2017. The average debt ratio for renewable projects is 70-85% for 
most European countries. What this means for hydrogen projects is that more 
equity will most likely be used during early stages of deployment, with more debt 
used as the market matures, decreasing risks and bringing down the expected 
returns to the typical range of debt. This will most likely happen in the latter part 
of Stage 3, since initial large-scale first-of-a-kind projects (at that size) might still 
be perceived as risky. 

Capital sources 

Transition to self-finance of the hydrogen infrastructure. During the early 
stages of market development, when the flows through the pipelines are too low, 
which could lead to high transmission fees, some alternatives to provide cash 
flows to the hydrogen network operator are subsidies, a tariff deferral system or 
temporary cross-subsidisation (e.g. from the gas network). At this stage, the 
hydrogen exports by pipeline should be ramping up, so the tariffs for the network 
should be cost-reflective and the need for subsidies should be lower. The 
hydrogen network operator will probably not have a large balance sheet to fund 
new investments, but this might be less relevant in the case of Ukraine, given the 
large natural gas infrastructure that could be repurposed (see Chapter 2. "The 
hydrogen opportunity"). 

Foster international collaboration, train the workforce 
and develop the standards 

Figure 3.5 Activities across stages for the cross-cutting pillar 

Priority:  High  Medium  Low 

Sub-category 

 Establish a network for domestic 
financial institutions to interact with 
foreign ones to develop confidence in risk 
mitigation 

 Participate in platforms in Europe that are 
demand-oriented to identify potential off-
takers 

 Promote collaboration between domestic 
hydrogen industry players and foreign 
companies 

 Promote collaboration between 
transmission network operators 

 Identify lighthouse projects that could  
be funded by foreign and domestic FIs 

 Co-ordinate public support with EU 
governments to facilitate the 
development of hydrogen corridors 

 Intensify collaboration with demand 
hubs supplied by hydrogen corridors 

 Implement lessons from frontrunners in 
large-scale industrial projects 

 Engage with other emerging economies 
to learn from their project execution 

 Participate in international initiatives 
where knowledge exchange on large-
scale projects takes place 

 Consider engagement with hydrogen 
importers by ship 

Stage 3 (10-20 years) 
Scaling up and market growth 

Stage 2 (5 years) 
Building the experience 

Stage 1 (2-3 years) 
Laying the foundations 

International 
collaboration 

https://iea.blob.core.windows.net/assets/d829545d-fab6-4c98-b266-28556d86ce8d/WorldEnergyInvestment2024.pdf
https://www.sciencedirect.com/science/article/pii/S0140988320301237?via%3Dihub#s0135
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2018/Mar/IRENA_RE_Capacity_Statistics_2018.pdf
https://www.nature.com/articles/s41560-018-0277-y
https://www.nature.com/articles/s41560-018-0277-y
https://zenodo.org/records/5572754
https://assets.publishing.service.gov.uk/media/64ca0e6c5c2e6f0013e8d92a/hydrogen-transport-storage-minded-to-positions.pdf
https://www.bundesnetzagentur.de/DE/Fachthemen/ElektrizitaetundGas/Wasserstoff/Kernnetz/start.html
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Priority:  High  Medium  Low 

Sub-category 

 Establish partnerships for knowledge 
exchange on R&D and technology 
transfer 

 Participate in hydrogen-dedicated 
platforms to benefit from learnings in 
other countries 

 Establish Bilateral agreements and 
MoUs at the government level 

 Participate in dedicated R&D knowledge 
exchange platforms (e.g. IEA 
Technology Collaboration Platforms) 

 Establish partnerships with countries with 
high electrolyser manufacturing 
capacity 

 Participate in platforms that allow co-
ordinating carbon pricing increases 

 Assess skills gap between the current 
workforce and skills needed for hydrogen 
deployment at large scale 

 Identify alternatives to close the skills 
gap including retraining programmes, new 
tertiary education programmes and 
apprenticeships 

 Train staff across government agencies 
to ensure there are enough qualified staff 
to plan, approve, oversee hydrogen 
projects 

 Assess gap in numbers of workers 
needed for deployment of renewable 
hydrogen) 

 Assess if dedicated tertiary education 
programmes are needed to cover skill 
gaps 

 Establish student exchange programmes 
with other European countries with focus 
on renewables and hydrogen programmes 

 Establish researcher-exchange 
programmes with developed economies 

 Promote joint projects between domestic 
players and foreign project developers 

 Ensure there are foreign companies with 
hydrogen experience during the 
construction phase of pilot projects 

 Leverage technical assistance 
programmes from development 
institutions 

 Establish a dedicated team with 
hydrogen expertise within the 
government 

 Establish dedicated training and 
education hydrogen programmes 

 Establish a mechanism for industry to 
provide feedback to educational 
curricula 

 Promote a mix of foreign and domestic 
EPC companies 

 Identify the current standards that would 
be applicable to hydrogen technologies 
and centralise in a single repository 
 Identify the public body that would be 
responsible for oversight and 
enforcement of technical standards 

 Evaluate if international standards can 
be directly adopted 

 Designate a national standardisation 
body to participate in CEN/CENELEC 
 Ensure all standards for repurposing 
of natural gas infrastructure are in 
place 
 Build a public platform with the status 
of technical standards development 
 Participate in pre-normative research 
stages of technical standards 

 Propose new standards based on the 
experience from the first large-scale 
projects 

IEA. CC BY 4.0. 

Learning from experiences in other countries, building a skilled workforce and developing 
technical standards are essential enabling actions for hydrogen deployment. 

Stage 1 (2-3 years) 

International collaboration 

Promote knowledge exchange between domestic and foreign financial 
institutions, research centres and companies. Low-emissions hydrogen 
production and its use in new applications are already taking place around the 
world. Ukraine could benefit from this experience by establishing partnerships 
and platforms to exchange knowledge. Engaging a mix of foreign and domestic 
contractors and project developers in deployment can increase the chances of 
on-time and on-budget delivery, and allows for domestic contractors to benefit 
from the experience of foreign companies while building domestic capacity. 
Arcelor Mittal, for example, is the largest foreign company in Ukraine and is 
planning to develop multiple H2-DRI plants across Europe. For renewable 
hydrogen production, CWP Global acquired a 73 MW onshore wind farm in 

Stage 3 (10-20 years) 
Scaling up and market growth 

Stage 2 (5 years) 
Building the experience 

Stage 1 (2-3 years) 
Laying the foundations 

Capacity 
building 

Technical 
standards 

https://balkangreenenergynews.com/cwp-global-enters-ukrainian-market-with-acquisition-of-73-mw-wind-project/
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Ukraine in 2021, which was supposed to start operations in 2023 (later delayed 
to 2026). CWP Global has already developed over 6 GW of renewable capacity 
around the world, has operations in several southeast European countries and 
has a global portfolio of hydrogen projects that would require over 140 GW of 
renewable capacity. Knowledge exchange can also benefit financial institutions. 
While pilot projects could be funded with grants and equity from project 
developers, commercial banks will have an important role in subsequent stages, 
so it is important to get them involved early in the process. Exchange with banks 
and debt funds from other regions at this stage will be essential to develop 
confidence and knowledge about hydrogen projects. Lastly, local innovation 
capability could be developed, ready to improve hydrogen technologies and 
project designs in the last stage. This can be supported by knowledge exchange 
between research institutions and universities. 

International collaboration 

Establish bilateral agreements with potential importers and participate in 
hydrogen-specific platforms. Participating in hydrogen-specific platforms 
could be useful to build awareness of activities and identify policies, programme 
and project approaches that have been successfully implemented in other 
countries. This could inform high-level decision-making, facilitate dialogue in 
areas that require global co-ordination (e.g. certification), lead to joint analysis 
and support the development of new analytical tools, among other benefits. The 
Hydrogen Initiative from the Clean Energy Ministerial, which was launched 
in 2019, pursues most of these goals. It has 21 members including some of the 
largest hydrogen producers today and frontrunners in low-emissions hydrogen 
deployment. Mission Innovation also has a dedicated initiative for hydrogen, with 
the objective to reach a cost level of USD 2/kg and facilitate the delivery of 100 
large-scale hydrogen valleys worldwide by 2030. The initiative has 20 members 
and is oriented towards research. Participation in the International Partnership 
for Hydrogen and Fuel Cells in the Economy (IPHE) would be useful for technical 
standards. In the area of bilateral foreign relations, Ukraine has received specific 
analytical support for hydrogen through the H2-diplo initiative of the German 
Federal Government, and there is a German-Ukrainian partnership which has 
been focusing on energy policy, modernising the energy market and addressing 
bottlenecks for renewables. In 2023, Ukraine also signed an MoU with the 
European Union on biomethane, hydrogen and other synthetic gases, which 
includes alignment on definitions and methodologies, harmonisation of 
regulation, market integration, and cost reduction, among others. 

Capacity building 

Assess skills gap in the workforce and define a roadmap to close them. 
Large-scale education and training programmes will be needed to ensure there 

https://www.power-technology.com/data-insights/power-plant-profile-cwp-kherson-wind-farm-ukraine/
https://cwp.global/projects/
https://www.cleanenergyministerial.org/initiatives-campaigns/hydrogen-initiative/
https://iea.blob.core.windows.net/assets/1bd7d97f-9d48-4ae7-96f8-d8ed910b9833/CEMHydrogenInitiativeCooperationFrameworkfinal.pdf
https://mission-innovation.net/missions/hydrogen/
https://h2diplo.de/news/new-h2-diplo-study-shows-hydrogen-could-play-a-key-role-in-ukraines-green-reconstruction-and-future-development-plans/
https://h2diplo.de/news/new-h2-diplo-study-shows-hydrogen-could-play-a-key-role-in-ukraines-green-reconstruction-and-future-development-plans/
https://ukrainian-climate-office.org/en/project/h2diplo-hydrogen-diplomacy-project/
https://energy.ec.europa.eu/document/download/0b10e313-1084-49e5-a320-9460108d4cb7_en?filename=MoU_UA_signed.pdf&prefLang=de
https://energy.ec.europa.eu/document/download/0b10e313-1084-49e5-a320-9460108d4cb7_en?filename=MoU_UA_signed.pdf&prefLang=de
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are enough qualified people for hydrogen development (see Chapter 2. "The 
hydrogen opportunity"). Mapping the jobs to skills at different parts of the value 
chain will be needed, followed by an identification of training requirements. 
Australia provides an example where this mapping has been done in detail. 
Elsewhere, a skills framework has been proposed for the United Kingdom, and 
Namibia has a roadmap for implementation. Part of the hydrogen workforce could 
come from retraining some people working in the renewable sector, but given the 
large numbers, dedicated tertiary education programmes will be needed. These 
should begin at this stage so that the workforce is ready when the large-scale 
projects start to be deployed. For reference, in the academic year 2022/2023, 
there were about 10 000 engineering graduates in Ukraine at undergraduate 
level and nearly 3 500 at Master’s level. An international exchange programme 
for students (and researchers) might help to close the gap, with the expectation 
that some of them will stay (or return). Public workers in the various agencies of 
the government should also have enough knowledge to design, implement and 
evaluate the policies. Agencies should be well-staffed in line with the ramp-up 
and considering adjacent areas such as renewables. In the European Union this 
has been one of the action areas to accelerate renewable deployment. 

Technical standards 

Establish the technical standards for the hydrogen value chain and their 
governance. The first step is to perform a gap assessment to understand what 
standards are needed by part of the value chain and which are missing. This 
would be followed by a survey of international standards to determine which can 
be directly adopted. The remaining gaps would need to be prioritised, specifying 
a timeline for development under the leadership of working groups. This should 
be done together with other standard-setting organisations such as the European 
Committee for Standardization (CEN) and European Electrotechnical Committee 
for Standardization (CENELEC) and the International Organization for 
Standardization (ISO) and the International Electrotechnical Commission (IEC) 
to avoid duplication of efforts and shorten development timelines. Previous 
exercises that could serve as a reference for Ukraine include those in Australia, 
Europe, and India. The government agency overseeing the process should also 
be defined at this stage, along with working groups dedicated to specific topics 
and an annual work plan setting out activities and milestones. 

Stage 2 (5 years) 

International collaboration 

Co-ordinate public support and finance to facilitate lighthouse projects. A 
lot of the hydrogen ramp-up depends on how exports develop, and these in turn 
depend on the evolution of the demand (mostly in northwest Europe). This 

https://energycentral.com/system/files/ece/nodes/600655/developing-australias-hydrogen-workforce.pdf
https://cogentskills.com/wp-content/uploads/2024/09/NCC195-Skills-Training-Brochure_Web.pdf
https://ptx-hub.org/wp-content/uploads/2023/08/International-PtX-Hub_202308_Namibia-PtX-skills-needs-assessment.pdf
https://drive.google.com/file/d/1Kb46RyMJ6svMdZ_WKI6BSvbusAhFZoG7/view
https://cerre.eu/wp-content/uploads/2024/10/CERRE_Speeding-up-Renewable-Energy-Permitting-in-Europe_FINAL.pdf
https://www.standards.org.au/documents/hydrogen-discussion-paper
https://www.cencenelec.eu/media/CEN-CENELEC/News/Press%20Releases/2023/20230301_ech2a_roadmaphydrogenstandardisation.pdf
https://static.pib.gov.in/WriteReadData/specificdocs/documents/2024/may/doc2024510336201.pdf
https://www.standards.org.au/documents/me-093-hydrogen-technologies-strategic-work-plan
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provides the opportunity to use domestic and European finance to fund some of 
the projects that are export-oriented, pooling resources with different risk 
tolerance and time horizons. Co-ordinating public support is also essential to 
ensure that ramp-up of deployment happens at the same time as ramp-up of 
demand. A close monitoring of market developments, as well as developments 
in the European import corridors, will be needed to inform policy implementation. 

Capacity building 

Promote joint projects between foreign and domestic actors and establish 
specific hydrogen teams within government agencies. While activities in 
Stage 1 focus on exchanging knowledge to develop domestic capabilities, the 
focus of this stage is execution. The pilot projects will have been co-developed 
with foreign companies (which is especially important during the engineering and 
construction phases). Dedicated teams within the government will be trained and 
ready to roll out the policies needed for the large-scale deployment of the next 
stage. These are also benefitting from technical assistance programmes from 
development institutions and from international collaboration. The (re)training 
programmes identified in the previous stage are already in place and some initial 
hydrogen-specific courses and degrees are starting to emerge towards the end 
of the stage. Examples from Europe, France, Germany, and the United Kingdom 
might be useful for envisioning how these programmes could look. 

Technical standards 

Develop a public repository of hydrogen standards and standards under 
development. A single repository could be useful for project developers, like the 
repositories available in the European Union and the United States. Ideally, this 
would also be linked to an overview of the applicable regulations and incentives. 
Standards can take 4-8 years to go from pre-normative (research) activities to 
being in place, so keeping a public record of the development status will be 
important for project planning. The next stage should see the use of transmission 
pipelines for exporting hydrogen, so this stage should ensure that the 
corresponding standards to clean, convert, inspect and maintain the repurposed 
natural gas pipelines (if applicable) are in place. A definition of the operating 
conditions, frequency and type of inspection needed will be necessary to ensure 
the mechanical integrity of the pipeline given the potential occurrence of 
hydrogen embrittlement. 

https://observatory.clean-hydrogen.europa.eu/learn-about-hydrogen/training-programmes
https://formation-pro.grenoble-inp.fr/formations-courtes/hydrogene-production-par-electrolyse-et-utilisation-en-pile-a-combustible-de-type-pem#page-programme
https://fm.thws.de/en/degree-programmes/bwt/
https://www.birmingham.ac.uk/study/postgraduate/subjects/chemical-engineering-courses/hydrogen-fuel-cells-applications-mres
https://observatory.clean-hydrogen.europa.eu/hydrogen-landscape/policies-and-standards/codes-and-standards
https://h2tools.org/fuel-cell-codes-and-standards
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Stage 3 (10-20 years) 

International collaboration 

Exchange knowledge on experience from large-scale projects and 
establish partnerships for exports beyond the European Union. To 
maximise cost reduction, learning should not be limited to domestic experience, 
but should also extend to similar projects being undertaken elsewhere. Any 
efforts around standardisation and replication, in either the technology, policy or 
project execution areas, would be useful to accelerate deployment. International 
platforms that exchange knowledge on these large-scale projects would be 
useful for this purpose. At this stage, projects in Ukraine would be achieving 
economies of scale and, as costs go down, new avenues of export might open. 
This will depend on how global trade, markets and the technology costs for 
shipping and (re)conversion have evolved, so a reassessment would be useful 
at this point. 

Capacity building 

Establish a process for industry to provide feedback on the educational 
curricula. At this stage, the first batches of students from the new hydrogen-
oriented programmes would be entering the workforce and the first large-scale 
projects would be under construction, providing an opportunity for learning about 
the skills and professions needed. For example, the focus might have shifted 
from ammonia production to steel, which requires different specialist knowledge. 
The government could consider putting in place a way for industry to provide 
input on the curricula and reap the double benefit of satisfying the market needs 
while increasing the chances of students finding a job upon graduation. 

Technical standards 

Review new standards based on experience and participate in pre-
normative research activities. By this stage, Ukraine should have developed 
some domestic research capabilities which would enable participation in 
research activities that could inform new technical standards. Based on the 
experience from the pilots and first large-scale projects, Ukraine could propose 
changes to existing standards. This could be done through the networks and 
collaboration established in the first stage. By now, the technical standards would 
be clear for project developers and already embedded in the design, construction 
and operation of the plants. 
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Policy recommendations for the 
coming 2-3 years 

Prioritise deployment of renewables to boost energy security and create an 
enabling environment for future hydrogen development. Ukraine currently 
lacks adequate power generation capacity and restoring energy security must be 
a priority. Any activity focused on accelerating deployment of renewables will have 
positive spillover effects for hydrogen, by building experience across the workforce 
and companies and helping to build confidence among potential investors. This 
will also indirectly reduce the cost of capital by reducing the uncertainties related 
with renewable electricity generation. Similarly, any efforts related to permitting 
and administrative processes for renewables can also support the creation of 
standardised processes that could be used as a starting point for the 
corresponding processes for hydrogen projects. An initial focus on renewables 
can support progressive steps towards hydrogen deployment that could ultimately 
increase the chances of success and reduce the likelihood of delays, since fewer 
new elements are introduced at a time. If renewables deployment precedes 
hydrogen deployment, it can reduce uncertainties around the cost estimates for 
hydrogen projects, since data would be based on real projects. It could also allow 
for a process of standardisation and economies of scale that unlock lower 
electricity costs, which are the dominant driver for hydrogen production costs. 

Undertake the preparatory analyses that will form the basis for later 
deployment. Such studies require relatively little investment when compared to 
large-scale projects, but they are essential to inform the work done in later years. 
They can support progress without requiring large commitments and provide a 
window onto market development. Preparatory studies can reduce uncertainties 
by including a material assessment of the gas transmission network, improving 
project cost estimates and providing visibility on the policy instruments that could 
be used to promote hydrogen deployment. Analysis could include, for example, 
feasibility studies for lighthouse projects, hubs or fully integrated projects, mapping 
and addressing any skills gaps, mapping current legislation that is applicable to 
hydrogen, and defining principles and a methodology for hydrogen certification. 
Techno-economic analysis comparing production in Ukraine with other countries 
(from the importer’s perspective) will also be useful, as will setting up platforms for 
collaboration. Preparatory studies to inform the next steps could include identifying 
the risks that could affect different project types and the corresponding mitigation 
measures, mapping the international funding programmes that could be used to 
finance hydrogen deployment and assessing the interest from foreign companies 
to develop hydrogen projects in Ukraine. 
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Mitigate financial risks introduced by the war. Hydrogen production from 
electrolysis is highly capital-intensive. Any additional premium on the cost of 
capital makes a big difference in the levelised cost. A large share of the current 
premium comes from the additional risk and uncertainty created by the ongoing 
war. There are already various programmes and organisations helping to address 
these risks through political risk insurance. Action is now needed to deploy this 
tool effectively across various settings and types of projects in order to provide 
confidence to the financial sector and enable the transition from development to 
commercial finance. 

Build the workforce that will be needed to scale up hydrogen deployment. 
Massive population displacement and relatively low renewables deployment have 
created a shortage of experienced staff. Immediate action is needed to ensure 
there are enough qualified staff across the government to design, implement and 
evaluate the policies; in the private sector, to execute, construct and operate 
projects; and in research organisations. Key priorities include collaboration and 
exchange programmes across different stakeholder groups, retraining and 
reskilling programmes, and a revamping of the education system to build the 
workforce needed for large-scale deployment and ensuring gender balance. 

Complete integration with the EU regulatory framework as part of the 
accession process. Aligning as closely as possible with the EU regulations could 
be beneficial for hydrogen deployment for three reasons. First, the 
European Union already has a comprehensive framework covering demand-side 
incentives (through the Renewable Energy Directive, ReFuelEU Aviation and 
FuelEU Maritime), infrastructure regulation, supply-side incentives and a stronger 
carbon price signal. Second, becoming a member of the European Union would 
allow Ukraine to tap into additional funds and potentially benefit from programmes 
that target equity between member states, such as the Cohesion Policy, which 
has this objective at its core, and has a total budget of EUR 392 billion for the 
2021-2027 period. This is nearly one-third of the original multi-annual financial 
framework. Third, domestic hydrogen deployment is closely tied to exports. The 
European Union is the region with the largest potential demand that can be 
connected by pipeline. Alignment in regulation would facilitate exports, for 
example through a compatible certification scheme, or common regulations for 
transmission pipelines. 

Modernise domestic regulation and infrastructure. Renewable hydrogen 
cannot be deployed without a well-functioning and economically efficient electricity 
market. First, this will require reform of the electricity market, including removing 
market distortions such as price caps, considering social equity, ensuring tariffs 
are cost-reflective, establishing new ancillary markets that reward flexibility, 
revising the feed-in tariff scheme and resolving debt issues for state-owned 
enterprises. Second, power infrastructure also requires modernisation, including 

https://ec.europa.eu/regional_policy/funding/available-budget_en
https://commission.europa.eu/strategy-and-policy/eu-budget/motion/today_en
https://commission.europa.eu/strategy-and-policy/eu-budget/motion/today_en
https://www.iea.org/reports/empowering-ukraine-through-a-decentralised-electricity-system
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accelerating the roll-out of batteries and putting in place an enabling regulatory 
framework that supports the growth of distributed electricity resources and 
expansion of the electricity grid. Batteries and grid expansion could, over time, 
reduce price volatility, and do so in different regions in the case of grid-connected 
electrolysers. Incentives provided for electricity generation should be pragmatic, 
considering the current capacity shortage and long-term decarbonisation needs. 
Both the average grid emissions intensity over time and the attractiveness of the 
market for developing a domestic renewable industry can have spillover effects 
for hydrogen. Finally, improving the governance standards of the energy sector 
and state-owned enterprises, in line with international standards, could decrease 
the perceived risks of renewables – and, therefore, of renewable hydrogen. 

Follow a progressive approach to deployment and build the track record 
needed to develop investors’ confidence. One of the main challenges for 
hydrogen projects is the high perceived risks driven by the macroeconomic and 
geopolitical situation. Following a gradual approach to deployment, both for the 
supply chain and in terms of project size, would be less risky than introducing 
multiple simultaneous changes, and limit the investment needed during the early 
stages. For example, starting with renewables projects carries lower risk than 
aiming to demonstrate the production of near-zero emissions steel directly. Small 
projects can also be more attractive to investors, who may get involved with the 
aim of becoming frontrunners in this market. To attract foreign investors, it is 
fundamental to build a track record of projects completed on time and on budget, 
and this will be much easier with a progressive approach. 
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Annex 

Table A.1 Estimates of renewable energy potentials in Ukraine 

Technology Potential Notes Source 

Solar PV 83 GW (99 TWh/yr) - NAS Ukraine 2020 

 39 GW 

Technical potential excluding 
agricultural land, protected 

areas, proximity to grid, 
population density  

Doronina et al. 2024 

 57 GW (74.1 TWh/yr) Technical potential Energy Community 
2024 

 11 301 GW (11 866 TWh/yr) 
Theoretical potential excluding 
protected areas, slope >30%, 
forests, wetlands, snow, water 

Greenpeace 2024 

 5 084 GW (5 339 TWh/yr) 
As per line above including a 
criterion of grid proximity of 

10 km 
Greenpeace 2024 

 726 TWh/yr Technical potential HYPAT 2023 

 4 GW “Reasonable” potential IRENA 2015 

 71 GW (88 TWh/yr) Technical potential IRENA 2017 

 3 516 GW (4 140 TWh/yr) 
Technical potential (85% of 
this potential has a capacity 

factor below 0.14) 
ESMAP (2020)  

 176 TWh/yr - Shell (n.d) 

 147 GW (234 TWh/yr) Capacity factor >16%, 10% of 
full technical potential IEA 

 2 824 GW Technical potential with 
97 MW/km2 Stanford 2021 

 333 GW (399 TWh/yr) 
Capacity factor higher than 

0.13 and potential within 
100 km of settlement 

Pietzcker 2014 

Onshore wind 438 GW (1 189 TWh/yr) - NAS Ukraine 2020 

 180 GW 

Technical potential excluding 
agricultural land, protected 

areas, proximity to grid, 
population density  

Doronina et al. 2024 

 290 GW (1 102 TWh/yr) Technical potential Energy Community 
2024 

 2 146 GW (6 546 TWh/yr) 
Theoretical potential excluding 
protected areas, slope >30%, 
forests, wetlands, snow, water 

Greenpeace 2024 

 950 GW (2 897 TWh/yr) 
As per line above including a 
criterion of grid proximity of 

10 km 
Greenpeace 2024 

 16-24 GW Economic potential IRENA 2015 

 139 TWh/yr - Shell (n.d) 

 181 GW (460 TWh/yr) Capacity factor > 20%, 10% of 
full technical potential IEA 

https://www.ive.org.ua/wp-content/uploads/ENG-book_30.11.2020.pdf
https://doi.org/10.1016/j.joule.2024.08.014
https://www.energy-community.org/dam/jcr:063d888c-dd3d-469c-a2b3-68d6130b30f5/intec_UA_postwar_RESDeveloment.pdf
https://www.energy-community.org/dam/jcr:063d888c-dd3d-469c-a2b3-68d6130b30f5/intec_UA_postwar_RESDeveloment.pdf
https://www.greenpeace.de/publikationen/20240411-greenpeace-report-ukraine-mapping-energy-opportunities.pdf
https://www.greenpeace.de/publikationen/20240411-greenpeace-report-ukraine-mapping-energy-opportunities.pdf
https://www.isi.fraunhofer.de/content/dam/isi/dokumente/cce/2023/HYPAT%20WP_04-2023_Ukrainian%20hydrogen%20export%20potential_final_V01.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2015/Apr/IRENA_REmap_Ukraine_paper_2015.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2017/IRENA_Cost-competitive_power_potential_SEE_2017.pdf
https://globalsolaratlas.info/global-pv-potential-study
https://www.shell.com/news-and-insights/scenarios/what-scenario-planning-models-does-shell-use/energy-resource-database.html#iframe=L3dlYmFwcHMvRW5lcmd5UmVzb3VyY2VEYXRhYmFzZS8jY2xvc2U=
https://web.stanford.edu/group/efmh/jacobson/Articles/I/CountriesWWS.pdf
https://www.sciencedirect.com/science/article/pii/S0306261914008149
https://www.ive.org.ua/wp-content/uploads/ENG-book_30.11.2020.pdf
https://doi.org/10.1016/j.joule.2024.08.014
https://www.energy-community.org/dam/jcr:063d888c-dd3d-469c-a2b3-68d6130b30f5/intec_UA_postwar_RESDeveloment.pdf
https://www.energy-community.org/dam/jcr:063d888c-dd3d-469c-a2b3-68d6130b30f5/intec_UA_postwar_RESDeveloment.pdf
https://www.greenpeace.de/publikationen/20240411-greenpeace-report-ukraine-mapping-energy-opportunities.pdf
https://www.greenpeace.de/publikationen/20240411-greenpeace-report-ukraine-mapping-energy-opportunities.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2015/Apr/IRENA_REmap_Ukraine_paper_2015.pdf
https://www.shell.com/news-and-insights/scenarios/what-scenario-planning-models-does-shell-use/energy-resource-database.html#iframe=L3dlYmFwcHMvRW5lcmd5UmVzb3VyY2VEYXRhYmFzZS8jY2xvc2U=
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Technology Potential Notes Source 

 274 GW 
Less than 5% of this potential 

is estimated to have a capacity 
factor higher than 20% 

Stanford 2021 

 1 431 GW (2 781 TWh/yr) Capacity factor higher than 
20% Bosch 2017 

 688 GW (2 174 TWh/yr) Technical potential without 
land constraints Kudria 2021 

 320 GW (858 TWh/yr) Technical potential IRENA 2017 

 976 TWh/yr Technical potential HYPAT 2023 

Note: NAS Ukraine = National Academy of Sciences of Ukraine. 
 

The potential used in this report is a constrained technical potential. The 
theoretical potential considers all possible land without restrictions. The technical 
potential considers land exclusion zones to account for social and ecological 
constraints like industrial areas or wetlands (see Table A.2). We further assume 
that only 10% of the technical potential can be used for renewables, so the 
numbers shown in the main text would need to be multiplied by ten to obtain the 
full potential. The technical potential could be further constrained by applying an 
economic threshold, since a share of the resources might be accessible but too 
expensive to use. We do not make any assumptions on economic thresholds. The 
analysis has a resolution of 0.25°, which is equivalent to about 22.5 km. By 
constraining the potential to 10%, the best 10% of each ~500 km2 cell is used. 

Table A.2 Land exclusion zones for renewable hydrogen production potential 

Layer Onshore wind Offshore wind Solar PV Comment 

High-density 
settlements 1 000 m 1 000 m 100 m  

Isolated 
settlements 3 TH 3 TH 100 m TH = Tip height 

Air traffic radars 7 500 m 6 000 m 100 m  

Air traffic common 
equipment 100 m 100 m 100 m  

Airfields 1 500 m 3 600 m 0 m Average values 

Medium and large 
airports 6 000 m 7 200 m 0 m Average values 

Railways 1.2 RD - 10 m  

Cable cars 3 RD 3 RD 5 m RD = Rotor diameter 

Power lines 1 PS 500 m 5 m 
PS is a relative metric 
that translates roughly 

to 2 RD 

Submarine cables - 6 RD 30 m  

Pipelines 400 m 500 m 8 m  

Oil and gas rigs 0 6 RD 30 m  

https://web.stanford.edu/group/efmh/jacobson/Articles/I/CountriesWWS.pdf
https://www.sciencedirect.com/science/article/pii/S0360544217308095
https://www.sciencedirect.com/science/article/pii/S0360319920336818
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2017/IRENA_Cost-competitive_power_potential_SEE_2017.pdf
https://www.isi.fraunhofer.de/content/dam/isi/dokumente/cce/2023/HYPAT%20WP_04-2023_Ukrainian%20hydrogen%20export%20potential_final_V01.pdf


Unlocking Ukraine’s Hydrogen Opportunity: A Roadmap Annex 

Page | 84 I E
A.

 C
C

 B
Y

 4
.0

. 

Layer Onshore wind Offshore wind Solar PV Comment 

Cropland - - 0 m  

Pastures - - 0 m  

Glaciers - - 1 000 m  

National 0.5 AS 0.5 AS 0 m AS = Intra-wind farm 
distance 

Military 0 m - 0 m  

Protected areas 
(cat. I-IV) 300 m - 100 m  

All protected 
areas - 500 m 0 m  

Bird areas 2 170 m 2 170 m 0 m  

Intact forest 0 m - 0 m  

Wetlands 2 170 m 5 000 m 100 m  

Coral reefs - 1 000 m -  

Mangroves - 1 000 m 0 m  

World Heritage 
sites 8 000 m 16 000 m 1 000 m  

Salt flats 0 m - -  

Dunes - - 900 m  

Sea ice - 0 m -  

Iceberg - 0 m -  

Water depth - 0 m -  

Anchorages - 3 704 m -  

Industrial and 
commercial zones 2 TH - 0 m TH = Tip height 

Mining sites 100 m - 100 m  

Coast 100 m 2 000 m 100 m  

Coast (inhabited) - 2 000 m -  

Flood areas 0 m - 0 m  

Lakes 100 m - 100 m  

Creeks 0 m - 0 m  

Rivers 100 m - 100 m  

Water surface 100 m - 100 m  

 Maximum slope 17° - 4°  

Historical sites 1 000 m - 0 m  

Recreational 
areas 100 m - 0 m  

Camping 3 TH - 0 m TH = Tip height 
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Layer Onshore wind Offshore wind Solar PV Comment 

Shipwreck - 100 m -  

Shipping lanes - 0 m -  

Weather radars 7 500 m 7 500 m 100 m  

Notes: The layers describe the minimum distance wind turbines and solar PV installations should have from elements of 
the built and natural environment. 0 m means that renewable assets can be built immediately next to the respective areas. 
Source: Jülich Systems Analysis at Forschungszentrum Jülich. 
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