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Norwegian H2 Forum's Mission

A driving force for implementation of 
0-emission solutions in all sectors

Facilitating education, research and innovation 
within hydrogen technologies

Conveying information to & between 
Norwegian & international stakeholders

Being a constructive dialogue partner for 
government and funding agencies
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Renewables in energy consumption
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Source: https://en.wikipedia.org/wiki/Renewable_energy_in_the_European_Union

Norway 69 %



Primary Energy Self-Sufficiency Rate (2018)



Norwegian Prime Minister, Jonas Gahr Støre

Norway will install 30 GW
of offshore wind by 2040.
With this ambition we go

from the two offshore wind
turbines that are in

operation today to ~1500 
offshore wind turbines.



Hydrogen Production Initiatives

Energy sources:

Storfjord

Mo i Rana

Bodø

• H2 & NH3 prod. from renewables & NG w/CCS

• Energy export of H2 & NH3 as energy carriers?

• H2 & NH3 as fuels (Maritime Transport)

• Hydrogen Hubs 

• 15 pre-studies financed Q3 2021

• Five (5) full scale projects         were each

granted up to 15 M € each in public

support yesterday (June 23rd)

Rørvik

Hitra

Kristiansand

Florø

Glomfjord



H2 and NH3 as fuel for maritime transport, 7 ships funded
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Climate Neutral Europe 2050, "a key role for hydrogen"
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Brussels, November 2018

Strategies

and Drivers



Drivers, seen from Europe's perspective
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• Europe imports fossil fuels valued at ~ 1 billion €/day

• Europe aims at increasing their primary energy self-

sufficiency rate while strengthening competitiveness

• Hence EU's Energy and Climate Policies focus on:

• Production of hydrogen from domestic available sources (=RES)

• Stimulating Europe's industrial capacity and capabilities

• EU's Hydrogen strategy, targets (examples):

• Focus on green hydrogen production (from renewable energy)

• 6 GW electrolysis by 2024, 40 GW++ electrolysis by 2030

Strategies

and Drivers
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Future demand for H2 globally
Demand for 

hydrogen



Future demand for H2 globally
Demand for 

hydrogen



Demand for 
hydrogenFuture demand for H2 in Europe

• H2 production today in Europe ~ 10 Mt/a [1]

• Majority of H2 produced from fossil resources

• Significant increase in all scenarios towards 2050

• High variations in volume & major application areas

One likely scenario [2]:

• European demand increase to 30 Mt/a in 2030 [2]

• 'Hard-to-abate' sectors - transport and industry -
make up the vast majority of hydrogen demand

• Synthetic fuels are foreseen to play a major role

• Hydrogen also contributes to a smaller degree to 
decarbonization in buildings and power generation

Sources:
1) Green hydrogen in Europe – A regional assessment: Substituting existing production with electrolysis powered by renewables
2) Hydrogen4EU – Charting Pathways to Net Zero, Hydrogen4EU study, 2021
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https://www.sciencedirect.com/science/article/pii/S0196890420311766#b0010
https://2d214584-e7cb-4bc2-bea8-d8b7122be636.filesusr.com/ugd/2c85cf_69f4b1bd94c5439f9b1f87b55af46afd.pdf
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• Europe is aiming at complying to IPPC's 1,5oC scenario
→ by increasing the ambitions for GHG emissions 2030

• The targeted 40 GW electrolysis to be supplemented by
import of another 40 GW green hydrogen from 
southern & eastern neighbours 
(e.g., Ukraine or Morocco)) in 2030

• Dramatic increase in green H2→ 2050

• "Blue hydrogen will be needed", 
says EU-comm. Kadri Simson

• Window of opportunity for blue H2

from Norway to Europe?

Sources:
1) Hydrogen4EU – Charting Pathways to Net Zero, Hydrogen4EU study, 2021

Supply & 
Distribution 

Options
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Future supply of H2 in Europe

https://2d214584-e7cb-4bc2-bea8-d8b7122be636.filesusr.com/ugd/2c85cf_69f4b1bd94c5439f9b1f87b55af46afd.pdf


Source: Analysing future demand, supply and transport of 
hydrogen, June 2021 EHB#2_report_part1_210614.indd

Supply & 
Distribution 

Options

Potential for 
H2 production in Europe

• Domestic EU + UK supply potential exceeds demand,
• considering needs of electricity market, land availability, 

environmental regulations, installation rates
Dedicated renewables for H2-production:
• 2030:   9 Mt  (  460 TWh)
• 2040: 40 Mt  (2100 TWh)
• 2050: 80 Mt  (4000 TWh)

• Favourable economics of pipeline 
transport allows cost competitive 
imports from North Africa, 
Norway and Ukraine

• Blue H2 as "quick start"

• European wide use of H2 require a
distribution network for hydrogen

Technology for a better society

https://gasforclimate2050.eu/wp-content/uploads/2021/06/EHB_Analysing-the-future-demand-supply-and-transport-of-hydrogen_June-2021_v3.pdf


Supply & 
Distribution 

Options

• Low cost distribution of large volumes 

• Initial pipeline network of 6,800km (2030) 
maturing into a European Hydrogen 
Backbone in 2040 totalling 23,000km 

• Additional H2 import routes indicated

• Is Ammonia a viable alternative
for long distance transport?

Preparing for a European H2-network

Source: European Hydrogen Backbone - HOW A DEDICATED 
HYDROGEN INFRASTRUCTURE CAN BE CREATED, 2020

Technology for a better society

https://gasforclimate2050.eu/wp-content/uploads/2020/07/2020_European-Hydrogen-Backbone_Report.pdf


Transport cost for H2 carriers vs. distance
Supply & 

Distribution 
Options

• Retrofitting existing NG-pipelines 
far cheaper than building new ones

• Conversion to LH2 very costly

• NH3-ships cheaper than pipeline

H2-pipeline (retrofit NG → H2) Ammonia – Conversion & Pipeline       
H2-pipeline (new) Ammonia – Conversion & Shipping
LH2 liquefaction → transport → evaporation

Sources: 
1) https://www.oeko.de/fileadmin/oekodoc/Wasserstoff-und-wasserstoffbasierte-Brennstoffe.pdf 

Technology for a better society



Transport cost for H2 carriers vs. distance
Supply & 

Distribution 
Options

• Retrofitting existing NG-pipelines 
far cheaper than building new ones

• Conversion to LH2 very costly

• NH3-ships cheaper than pipeline

• Pipeline H2 transport (even 7000km) 
is cheaper than shipping of NH3, when 
end use is H2 (i.e., incl. NH3 cracking),

• Locally produced green hydrogen (left) 
competitive in 2050 time frame.

Sources: 
1) https://www.oeko.de/fileadmin/oekodoc/Wasserstoff-und-wasserstoffbasierte-Brennstoffe.pdf 
2) BloombergNEF (2019), the Economics of Transport & Delivery, Guidehouse (2020), European Hydrogen Backbone, Industry interviews



Key factors

24

Cost and 
Volume

Is there a market 
for hydrogen from 
Norway in Europe?

– Reflections on 
key factors

Demand for 
hydrogen

Safety and 
Regulations

Global 
Market 
→ 2050

Supply & 
Distribution 

Options

Strategies

and Drivers



Investment cost for PEMEL (dynamic) electrolysers 

• Expected to fall dramatically towards 2030 1)

• Due to increased volume and automated production

• Modular technology → smaller WE plants cost effective

• Green hydrogen cost significantly influenced by power cost 

Renewable energy cost

• Cost projected to fall significantly towards 2050 2)

• Possibly competitive with fossil energy from 2030 →

Sources: 
1) SINTEF-study, publication submitted to Journal of Hydrogen Energy
2) Berkley Lab

Cost and 
VolumeGreen hydrogen, cost developments

Technology for a better society

https://www.renewableenergymagazine.com/wind/predictions-for-wind-energy-costs-drop-significantly-20210419


Green vs. Blue hydrogen

Blue hydrogen

• Low(er) cost at high volumes 

• High dependence on natural gas price

• High initial investments, require long term depreciation

Green hydrogen

• Local/regional production stepwise following demand

• High(er) focus on green hydrogen in most European MS

• Uncertainties related to requirement on Additionality

Sources: 
1) SINTEF-study, publication submitted to Journal of Hydrogen Energy

Cost and 
Volume

Technology for a better society



Initiatives for green hydrogen production

• Northern Horizons:
Floating wind to hydrogen,
➔ net zero refinery (Shetland), 
conversion to LH2, NH3, e-fuels 

Similar initiatives/projects

• AquaVentus (Germany)

• NortH2 (Netherlands)

Illustration: Aker

Cost and 
Volume
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Initiatives for green hydrogen production

• Northern Horizons:
Floating wind to hydrogen,
➔ net zero refinery (Shetland), 
conversion to LH2, NH3, e-fuels 

Similar initiatives/projects

• AquaVentus (Germany)

• NortH2 (Netherlands)

Europe's largest today: 10 MW    →

• Funding given to Refhyne II: 100 MW

Illustration: Aker

Cost and 
Volume

Technology for a better society
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Regulatory Framework

Financial and funding framework

• Clean Hydrogen Partnership (2021-2027), EC funding 1 B€, launched Q4 2021

• IPCEI, ETS Innovation Fund, Tax exemptions and incentives

Standards and Technical approvals

• EN 17339, TPED and CEN standards, Pre-Normative Research → new regulatory requirements

Operational/Market regulatory framework

• Hydrogen and Decarbonized Gas Market Package

• Taxonomy, RED II Delegated Act, Additionality, RePowerEU

• CO2 boarder tax under discussion to prevent Carbon leakages

30

Safety and 
Regulations

https://ec.europa.eu/commission/presscorner/detail/en/ip_21_6682


REPower EU - Boosting the use of hydrogen

• An additional 15 million tonnes (mt) of renewable hydrogen on top 

of the 5,6 mt foreseen under the Fit for 55 can replace 

25-50 bcm per year of imported Russian gas by 2030. 

• Of this additional 10 mt can be imported hydrogen 

• While 5 mt of additional hydrogen produced in Europe*

• New cross border gas infrastructure should be hydrogen compatible

• Commission will support pilot projects on renewable hydrogen production and transport 

in the EU neighbourhood, starting with a Mediterranean Green Hydrogen Partnership.

Hydrogen Accelerator 

* Ambition is going beyond the targets 5,6 mt of the EU’s hydrogen strategy in FIT for 55

Safety and 
Regulations



Hydrogen safety

Technology for a better society

• SH2IFT 1 (2018-2021)

• Hydrogen jet fires

• LH2 BLEVE (Boiling liquid expanding vapor explosion) 

& RPT (Rapid Phase Transition) (tests in Sept 2021)

• Modelling activities on both gaseous and liquid hydrogen

• SH2IFT 2 (2021-2024)

• Gaseous & Cryogenic jet fires with and without Passive Fire Protection

• Ventilation experiments (also with ammonia)

• Further on modelling and risk analysis

• Material degradation – integrity

Safety and 
Regulations

https://www.google.no/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj_6uLo7IjWAhWJCpoKHZzRAogQjRwIBw&url=https://innsida.ntnu.no/logo-og-maler/-/asset_publisher/ePQVVG1jlg3D/content/ntnu-hovedlogo-andre-sprak-farger-og-format?redirect%3Dhttps://innsida.ntnu.no/logo-og-maler?p_p_id%3D101_INSTANCE_ePQVVG1jlg3D%26p_p_lifecycle%3D0%26p_p_state%3Dnormal%26p_p_mode%3Dview%26p_p_col_id%3Dcolumn-1%26p_p_col_count%3D2&psig=AFQjCNH8K8nE5SGAvc-EEAJj343tgY2mYw&ust=1504522385413696
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Exporter of H2

& H2-technologies
Early user of hydrogen 
in transport & industry

Areas where Norway 
can play a key role 
internationally
within hydrogen

Global 
Market 
→ 2050



Teknologi for et bedre samfunn



Energy export, H2 as fuel for transport

36

Global 
Market 
→ 2050

Relevant study 
on hydrogen 
export to 
Europe (2008):

Conclusion: 

H2 may be supplied as fuel at competitive cost in 2020-2030



Global market under development
Global 
Market 
→ 2050

Photo: HySTRA



Global market guided by alliances 

• Many nations are establishing 
trade agreements & MoUs

• This is showing contours of 
future trading routes of H2
as a global commodity 

• Is the Norwegian governmental 
structure well suited for the 
green energy transition?

• Norwegian industry has European 
customers to CO2-storage

• Additional proposition Q2 2022 
to white paper "Energi til Arbeid"

Global 
Market 
→ 2050

Technology for a better society



Norwegian Minister of Trade, Jan Christian Vestre

"The Government is now 

mapping the Norwegian 

coastal shelf and is 

discussing establishing 

hydrogen pipelines to 
Germany»

Global 
Market 
→ 2050



Summary and Conclusions

Technology for a better society

• High and increasing focus on hydrogen as key for decarbonizing the energy system

• European drivers: Increased Primary energy self- sufficiency rate & Competitiveness

• Clearly expressed preference for domestically produced green hydrogen in Europe 

• Ambitious Climate targets and high H2-damand in EU leaves door open for H2 import

• High interest and strong global competition from several potential H2-suppliers 

• Norway's export potential closely linked to conversion of NG-resources → Blue H2

• Low cost pipeline transport of H2 in retrofitted NG-pipelines is Norway's "gold card"

• Inherent investment risk in high cost CO2-storage facilities weigh heavily on Norway
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