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Outline

• H2 in the European Climate and Energy Policy Framework

• Initiatives and activities towards a H2-oriented economy in Europe

• Norway's prospects for retaining the position as an energy exporting country

• Hydrogen technology for reduced emissions in transport & industry

• Potential for value creation from export of H2 and H2 technology 

• Summary and Conclusions
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Increasing political engagement
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Industry engagement_Hydrogen Council
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Originally 13 founding members (Davos):

• Investment 1,4 B€/a in H2-technologies

• Pledges 10,7 B€ next 5 years

Press release: 

September 7th 2017:

11 new members

(including                    )

Collectively representing 

• total revenues of 1.3 trillion

• and > 2 million employees

• 2018:



Hydrogen Council, "Hydrogen - Scaling Up"
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Hydrogen Council, November 2017



Climate Neutral Europe 2050
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Brussels, November 2018



Increasing focus on Hydrogen in Europe
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• Hydrogen is required to achieve the energy transition in Europe

• Hydrogen may close up to ~ 50 % of the gap towards a 2oC target

• Points at import of H2 from regions with abundant wind energy

• Concludes that the most cost optimal decarboniztion solution 

include both water electrolysis and reforming of natural gas

• Asks for immediate and concerted action to establish a 

masterplan for decarbonization for the European Union

Hydrogen Roadmap Europe:

Brussels, February 2019



Hydrogen provides increased flexibility
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Fuels
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Trends and Activities in Europe - mobility

Source: TEN-T-network
Trans-European Transport Network

https://ec.europa.eu/transport/themes/infrastructure_en


Trends and Activities in Europe - mobility
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• 49 new stations

• > 1400 cars & vans

• M€ 170 total cost

• M€   67 funding

• > 40 organisations

Press release 

27th September 2018:

"H2busEurope"

• 600 hydrogen buses 

• Connecting Europe 

Facility (CEF) program 

• 40 M€
Viable business case for 

1600 H2-fuelled (FC)
Heavy Duty Trucks 

in Switzerland

First H2-powered 
passenger train 

commercial operation 
(Alstom/Hydrogenics)



Trends and Activities in Europe - energy
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Hydrogen is an energy vector 
facilitating an increased share of RES

Water electrolysis (PtG)
- High power (MW-GW)
- Coupling w/intermittent 

energy sources

Hydrogen storage
- Underground storage
- Solid state storage
- LH2

Grid → Hydrogen
10 MW PEM-electrolyser 
Rheinland Refinery, 
Wesseling, Germany



Trends and Activities in Europe - gas grid
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Admixture of H2

• Business cases

• Injection system

• End user equipment

• Regulating authorities 



Trends and Activities in Europe - energy
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Vattenfall’s gas power plant Magnum. 
Plans to convert it to hydrogen.
Three  440 MW CCGT, the plant
today emits 4 Mtonnes CO2/annum. 

(Photo: Koos Boertjens/Vattenfall)
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Technology for a better society

Exporter of H2

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

Areas where Norway 
can play a key role 
internationally
within hydrogen
and fuel cells



15

Norwegian energy export



Norwegian energy balance
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Norwegian oil & gas export:

• 2 % of global oil demand

• 25 % of Europe's natural gas

• 50 % of total export value

• Continued high energy export 

requires a low carbon & high

volume density energy carrier: 

• LH2, NH3, LOHC?



H2-production initiatives

Energy sources:
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Technically exploitable 
wind potential in 
Central Norway
(on-shore 2020): 
4 GW (14 TWh/a)

Source: Statkraft ASA

Europe's 

largest
land-based 

wind power 

project 
wind-power in 
Mid-Norway

Produces 
power to

Norwegian homes

Ownership

of roads to be 
constructed

turbines

Investments
Wind Park:
11 bill NOK

Grid: 
5-7 bill NOK
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Wind → 1000 kgH2/day

One of SINTEF's 28 EU-projects under the FCH JU-program

• Electrolyser (2,5 MW) installed in Berlevåg in 2020

• Directly connected to Raggovidda wind park 

(avoiding grid tariff)

• Electrolyser exhibit fast response

• Stabilize grid voltage and frequency

• EU (FCHJU) -project:

• Total budget 7 M€ (70 % public support), 

• Start January 2018, duration 4 years



Replace coal-based energy in Svalbard?
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Stranded wind power
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• Pilot-project: 2,5 MW ➔ 1 ton H2/day

• Concessions 225MW ➔100 ton H2/day

• Wind potential 2 GW ➔ 1000 ton H2/day

• Enough fuel for 1 mill. passenger cars (40%)

• Applications in Finnmark region:

• Passenger cars, light & heavy duty trucks, Snow mobiles

• Fishing vessels, Trawlers, Coastal 'steamers' (Hurtigruten) 

• Fish farming/Agriculture (O2 & heat), Industry (NH3?)
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Land based + offshore wind power

5 + 20 GW, 100 TWh/a in 2050, 

Source J.O.Tande (SINTEF)
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◼ New renewable energy (distributed)

3,5 TWh/a → H2 
~ 600 tonnes H2/ship

2 ship loads/week → Europe?

http://www.google.no/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=9JUmrPtRi6ejzM&tbnid=p9f4SWYOe2xD_M:&ved=0CAUQjRw&url=http://www.smscs.com/photo/wallpapers_graphics/10.html&ei=gEqUUoieI-m9ygPOp4KICQ&bvm=bv.57155469,d.bGQ&psig=AFQjCNGBalk3oD4jsX_BMEwC2FHxcu0jCQ&ust=1385536478491295
http://www.google.no/url?sa=i&rct=j&q=sm%C3%A5kraftverk&source=images&cd=&cad=rja&docid=AtxK_pRs4cQ8iM&tbnid=URqx_5ccYuUUHM:&ved=0CAUQjRw&url=http://www.bondelaget.no/smaakraft-som-naeringsveg/category2796.html&ei=D7tBUaXmE8TFswaks4GQAQ&bvm=bv.43287494,d.Yms&psig=AFQjCNFRRP9caZ9jdRb07dff857NbZIRKw&ust=1363346279556552
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◼ Natural gas (central w/CO2-storage)

◼ By-product from industry (distributed)

◼ New renewable energy (distributed)

Fuel for 20 million

fuel cell
passenger vehicles

Hydrogen as energy carrier
Energy sources for hydrogen production in Norway
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11 0000 tons H2/ship

170 TWh/a in 2050
5 ship loads/week→Japan?

http://www.google.no/url?sa=i&rct=j&q=sm%C3%A5kraftverk&source=images&cd=&cad=rja&docid=AtxK_pRs4cQ8iM&tbnid=URqx_5ccYuUUHM:&ved=0CAUQjRw&url=http://www.bondelaget.no/smaakraft-som-naeringsveg/category2796.html&ei=D7tBUaXmE8TFswaks4GQAQ&bvm=bv.43287494,d.Yms&psig=AFQjCNFRRP9caZ9jdRb07dff857NbZIRKw&ust=1363346279556552


Norway's domestic GHG emissions

Current GHG-emissions by sector:

• Oil & gas extraction ~ 28 %

• Transport contributes by > 30 %

• Electricity production by 1,7 %

Source: Statistics Norway 2015



GHG emissions & H2 activities in Norway
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Passenger trains,

Germany 2018 →

H2-delivery trucks in 2018 →Passenger 

vehicles, 

5,3 mill tonnes

Vans and 

heavy duty 

vehicles

4,5 mill tonnes

Domestic 

maritime and 

fishing, 

2.9 mill tonnes

Other 

mobile 

sources

2.3 mill 

tonnes

Domestic 
air traffic

1,3 million 
tonnes

Motor bikes and scooters
0,1 million tonnes

Railroads, 0,1 million 
tonnes

CO2 CO2

0-emission passenger 

trains in Norway?

Raumabanen

5,6 MW H2/FC freight train in 
Norway by 2025?

http://www.google.no/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjXl5CAtY7LAhVIaQ8KHToYBf8QjRwIBw&url=http://www.tripsandships.com/?page_id%3D1729&psig=AFQjCNEdtxD8sUmEXSI0aabuqLj7cFkaSg&ust=1456335057782977


Next Wave
Next Nordic Green Transport Wave – Large Vehicles

▪ Accelerate decarbonisation of the heavy-duty transport sector with fuel 

cell vehicles. The project will analyze large-scale transport of hydrogen, 

action plans for business potential for roll-out of hydrogen buses and 

trucks in the Nordic region, stimulate demand side and analyze potential 

for other heavy-duty equipment. 

▪ contribute to National and Nordic hydrogen strategy processes 

- providing input to a possible Nordic Hydrogen Strategy.

2019 – 2021

3,8 mill. NOK (50% funding from Nordic Innovation)

Nordic Smart Nobility and Connectivity

Duration:

Budget:

Program:

The short-term goal of the project is fourfold:

1. To perform thorough analysis on large-scale transport of hydrogen

2. To develop and design an integrated hydrogen infrastructure roll-out plan for HD 

vehicles

3. To encourage Nordic industry to join forces in delivering such hydrogen equipment

4. To stimulate Nordic companies to demand and use hydrogen for heavy-duty 

transport

Co-financed by:

Partners:

Supporting partner:



GHG emission initiatives, maritime transport
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Hybrid

Hydrogen

Battery

LNGGlutra ferry (2000)
Now 21 LNG ferries

Berlevåg,
fishing boats

H2-ferries, public procurement

Grenland, Yara Birkeland (autonomous)

Caroline, Tromsø

Havila, FC/Hybrid

Hjelmeland: LH2/battery ➔ 2021

Trondheim Sept 3rd, 0-emission High speed passenger boat concepts 

SeaShuttle H2/FC 
Container Ship Project

Wilhelmsen / Equinor
LH2 pilot tanker

Ampere, Norled (2015)

http://www.google.no/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjXl5CAtY7LAhVIaQ8KHToYBf8QjRwIBw&url=http://www.tripsandships.com/?page_id%3D1729&psig=AFQjCNEdtxD8sUmEXSI0aabuqLj7cFkaSg&ust=1456335057782977
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Liquid hydrogen?

Wilhelmsen / Equinor
LH2 pilot tanker



Hydrogen use in industry
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Metal production

Source: SALMAR 
/ Ocean Farming

Offshore

50 B€ export of 
oil & gas annually H2 / O2 / heat

Replacing coal with H2

in titanium production
(electrochemical cells)

H2 production 
from off-shore wind, 
H2 storage @ sea bed

Fish farming

Siemens SGT-750

Replacing NG with H2 in gas turbines



Subsea hydrogen storage

Hydrogen

Power

ElectrolyzerH2-refueling station for:
• High Speed passenger boats
• HD Trucks and Buses
• Car ferries
• Train?

Fuel cells

This document and all the information contained herein are the confidential and exclusive property of TechnipFMC, and may not be reproduced, disclosed, or made public in any manner prior to express written authorization by TechnipFMC. 

Large scale subsea hydrogen storage in ports
The City of Trondheim



Value creation, H2-technology export
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Summary and Conclusions

• The contour of a H2-oriented economy is eventually emerging in Europe

• Stronger alignment in Europe's energy & climate policies, H2 for Sector Coupling

• Hydrogen as feedstock for industry and a key solution to decarbonize the heat sector

• Multiple H2-mobility initiatives, increasing focus on heavy duty trucks, trains & maritime applications

• Norway is actively preserving its role as energy nation and front runner

• Stranded renewable and abundant fossil resources suitable for H2-production

• Increased focus on CCS in industry and attention at governmental level (value creation)

• Continued strong incentives for low and zero emission transport, new deployments @ road & sea 

• High potential for closer & increased volume of Nordic cooperation
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Technology for a better society

Exporter of H2

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

Areas where Norway 
can play a key role 
internationally
within hydrogen
and fuel cells


