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Good news! 
Electrification both in supply and demand 
Important key driver is  low cost renewable electricity 
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Global LCOE from newly 
commissioned utility-scale solar 
and wind power technologies, 
2019-2020 

Global LCOEs from newly commissioned, utility-scale 
renewable power generation technologies, 2010-2020 



Bad news!
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• All electrics can result in
• Grid capacity problems (congestion)
• Need for (expensive) storage
• Scarcity of critical raw materials required 

for energy transition
Henckens, M.L.C.M. The Energy Transition and Energy Equity: 
A Compatible Combination?, Sustainability 2022, 14
Even with an 80% end-of-life recycling rate, the increase in the 
annual use of primary resources is estimated to be 9% for 
copper, 29% for nickel, 52% for cobalt, and 86% for lithium, 
compared to the estimated annual use of these metals without 
an energy transition

• Changes in our landscape (NIMBY)
• Lack of knowledge and awareness
• …



Hydrogen Council:
Hydrogen can play 7 roles in the energy transition

Enable the renewable energy system Decarbonize end uses

Enable large-scale 
renewables 
integration and power 
generation

Distribute
energy across sectors 
and regions

Act as a buffer to 
increase system 
resilience 

Help decarbonize 
transportation

Help decarbonize 
industrial energy use

Serve as renewable 
feedstock

Help decarbonize 
building heat and power
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Comprehensive System Engineering
for the analysis and design of energy systems 
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Institutions 
are 

commonly 
defined as 
the rules of 
the game, 
structures 
or systems 

of rules, 
that 

structure 
social 

interactions



Fit for 55 package (summer 2021) with proposals 

for 

• achieving the CO2 reduction for 2030 

• becoming the first climate-neutral continent in 

the world by 2050

• Hydrogen deployment with markets and 

regulation in incentivizing the uptake of 

hydrogen. 



Hydrogen factsheet
https://ec.europa.eu/commission/pressc
orner/detail/en/fs_21_3676

Hydrogen can be
used to reduce 
emissions particularly in 
industry and transport.



EU framework to decarbonise gas markets, promote 
hydrogen and reduce methane emissions
https://ec.europa.eu/commission/presscorner/detail/en/IP_21_6682 Dec. 2021. 2nd part Fit for 55

• Establishing a market for hydrogen (in two phases: before and 
after 2030)

• Enabling the development of dedicated infrastructure, including 
for trade with third countries

• A new governance structure: European Network of Network 
Operators for Hydrogen (ENNOH) to operate hydrogen 
infrastructure, cross-border coordination and interconnector 
network construction, and elaborate on specific technical rules 
and DSO-H on national level.

https://ec.europa.eu/commission/presscorner/detail/en/IP_21_6682


RePowerEU – 8 March 2022/ 28 May 2022
Hydrogen accelerator - to develop infrastructure, storage facilities and ports, and replace demand for Russian 
gas with additional 10 mt of imported renewable hydrogen from diverse sources and additional 10 mt of 
domestic renewable hydrogen.



REPowerEU; Joint European Action for more affordable and sustainable 
energy, EC 8-3-2022

REPOWER EU TRACK FOCUS FF55 AMBITION BY 2030 REPOWEREU MEASURE
REPLACED BY 
THE END OF 
2022 (BCM 
equivalent)

estimate

ADDITIONAL TO FF55 BY 
2030 (BCM equivalent)

estimate

GAS DIVERSIFICATION NON-RU NATURAL GAS
- LNG diversification 50* 50

- Pipeline import diversification 10 10

MORE RENEWABLE GAS
17 bcm of biomethane 
production, saving 17 bcm

Boost biomethane production to 35bcm by 
2030

3.5 18

HYDROGEN 
ACCELERATOR

5.6 million tonnes of 
renewable 
hydrogen, saving 9-
18.5 bcm

Boost hydrogen production and 
imports to 20mt by 2030

- 25-50

ELECTRIFY EUROPE HOMES
Energy efficiency measures, 
saving 38 bcm

EU-wide energy saving, e.g. by turning down 
the thermostat for buildings’ heating by 1°C, 
saving 10bcm

14 10

Counted under overall RES 
figures below

Solar rooftops front loading – up to 15 TWh
within a year

2.5 frontloaded

30 million newly installed heat 
pumps installed in 2030, 
saving 35 bcm in 2030

Heat pump roll out front loading by doubling 
deployment resulting in a cumulative 10 million 
units over the next 5 years

1.5 frontloaded

POWER SECTOR Deploy 480 GW of wind 
capacities and
420 GW of solar capacities, 
saving 170bcm (and producing 
5.6 Mt of Green Hydrogen)

Wind and solar front loading, increasing 
average deployment rate by 20%, saving 3bcm 
of gas, and additional capacities of 80GW by 
2030 to accommodate for higher production of 
renewable hydrogen.

20 Gas savings from higher ambition 
counted under green hydrogen, 

the rest is
frontloaded

TRANSFORM INDUSTRY ENERGY-INTENSIVE INDUSTRIES Front load electrification and 
renewable hydrogen uptake

Front load Innovation Fund and extend the 
scope to carbon contracts for difference

Gas savings counted under the renewable hydrogen 
and renewables targets
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REPowerEU translated to the Netherlands

• 2030: EU REPowerEU Hydrogen Accelerator is 10 million ton hydrogen production in EU and 10 million ton 
import. 

• Translated to the Netherlands (still to de decided)

• NL 1 million ton green hydrogen production in 2030 &  1 million ton hydrogen import in 2030

• 9 Mton zero-carbon hydrogen from and via the Dutch North Sea in 2050 

• What is needed for these 2030 goals:

• 10 GW offshore wind-hydrogen production produces 1 million ton hydrogen

• Or e.g. 5 GW offshore wind-hydrogen (0.5 million ton) plus 2.4 BCM gas converted with methane
pyrolyse to turquoise hydrogen (0.5 million ton) 

• Import 0.5 million ton hydrogen by ship and 0.5 million ton by pipeline

• Re-purpose existing gas pipeline at sea for hydrogen, realize new dedicated hydrogen pipeline to 
IJmuiden. 

• Hydrogen storage at North Sea 1 million ton, to balance supply and demand and for strategic reserve. 



REPowerEU translated to Netherlands 

• The R&D challenges

• Where is the best place to generate green H2 given (existing) 
infrastructure and (future) demands

• How do we get H2 from production to consumption

• Where do we store H2 (e.g., competition                                           
with offshore CO2 storage)?

• How do we monitor transport, usage,                                                      
and storage? 

• How do we reach 2030 goals in a way                                              
that we can upscale the system to reach 2050 goals easily?

• How to design an integrated energy-hydrogen system?



What is necessary to organize for roadmap realization

1. Hydrogen Certification system for blending, green, (blue and) turquoise hydrogen

2. Open access, publicly regulated hydrogen offshore pipeline with private/public ownership.

3. Developing new hydrogen pipeline infrastructure at the North Sea, regulated, ownership, permitting, etc. 

4. Offshore wind hydrogen development at locations and in line with infrastructure roadmap.

5. Integrated development of offshore wind-hydrogen, natural gas production, fish breeding and nature 
preservation

6. Roadmap for hydrogen infrastructure at the Dutch North Sea, which fits in the roadmap for hydrogen 
infrastructure at the North Sea total and does not compete with other infrastructure needs

7. Offshore Hydrogen infrastructure connected to Dutch and European Hydrogen Backbone

8. Roadmap for offshore hydrogen storage and supported by Dutch government and EU commission

9. Roadmap for hydrogen storage in depleted North Sea gas fields as strategic energy reserve that is aligned 
with future CO2 storage requirements and supported by the Netherlands, North Sea countries and EU

10.Open access, publicly regulated offshore hydrogen storage with private/public ownership

11.Strategic hydrogen reserves owned and operated by public organisation



Norwegian offshore Gas infrastructure, privately 
owned, but open access and regulated tariffs 
with one Operator

• Offshore Operator Gassco

• All pipelines in Gassled system

• Offshore network with multiple entry and exit 
points. 

• Entry-Exit tariff system divided in zones

https://www.gassco.no/en/our-activities/capacity-management/gassled-tariff-areas/

Open access, publicly regulated, private/public owned, offshore hydrogen 
Infrastructure
Norway offshore gas infrastructure as example ??

https://www.gassco.no/en/our-activities/capacity-management/gassled-tariff-areas/


Gas Infrastructure in Europe can be reused for hydrogen
Gas Pipeline Capacity 10-20 GW, Electricity cable capacity 1-2 GW
Gas transport cost roughly a factor 10 cheaper than electricity transport



Salt formations and
caverns in Europa

Hydrogen storage 
in Salt Caverns

1 salt cavern can contain up to 6,000 ton (= 236.4 GWh HHV) hydrogen, Salt Cavern CAPEX 100 million Euro

Salt Cavern Capex cost less than 0.5 Euro/kWh(HHV) H2

Battery Capex cost in future 50 Euro/kWh?



A cross-border consortium jointly 
investigating the feasibility of large-scale 
production, storage and transmission of 
green hydrogen

➢ 1 GW offshore wind in 2027, 4 GW by 2030 
and 10+ GW by 2040

➢ 3-4 GW onshore electrolyser 2030 in 
Eemshaven

➢ 6-7 GW offshore electrolyser < 2040

➢ Annual green hydrogen production of 1.0 
million tonnes (= 5.000 full load hours) by 
2040, cutting CO2 emissions by 8 to 10 
megatons a year

NortH2 – the Green H2 economy

14-06-2022



NortH2 – Physical system
H2

e

14-06-2022
Decentralized offshore electrolysis

Centralized onshore electrolysis

Centralized offshore electrolysis



▪ LCOE reduction 

▪ Fewer conversion 
steps needed 

▪ Lower 
transportation 
losses

5 conversion steps

1 conversion step

Decentralized offshore electrolysis

Centralized onshore electrolysis

NortH2 – Comprehensive approach / Physical 
system

14-06-2022



User friendly

parameter input

LCOE/LCOH

(water depth, distance

from shore, WACC)

Sensitivity analysis

NortH2 – Agent based model

Agent-based environment to 
investigate the dynamic process, 
coordination mechanism, 
institutions…

14-06-2022

GIS data:

(water depth, distance

from shore, average wind 

speed..)

North Sea location

dependent LCOE/LCOH



User friendly

parameter input

LCOE/LCOH

(water depth, distance

from shore, WACC)

Sensitivity analysis

NortH2
Agent-based environment to 
investigate the dynamic process, 
coordination mechanism, 
institutions…

14-06-2022

GIS data:

(water depth, distance

from shore, average wind 

speed..)

North Sea location

dependent LCOE/LCOH

System levelized 

cost of electricity 

and hydrogen 

(SLCoE and 

SLCoH) across 

the North Sea 

delivered at 

selected landing 

sites



NortH2 – input to the model

Agent-based 
model input Average wind speed 

(to create a 
distribution)

Water depth
< 60 m BT
> 60m Floating (2035)

Cavern 
locations

Traffic + 
existing windfarms

Exclusive 
Economic Zones

Technology 
Learning rate

Hydrogen and Electricity 
demand over years

per country
14-06-2022

Electricity 
interconnectors 
& landing points

Pipeline 
Infrastructure 

& landing points



NortH2 – Preliminary results

eH2

What is the system Levelized Cost of Electricity and 
Hydrogen across the North Sea delivered at selected 
landing sites ?

Decentralized offshore electrolysis Centralized onshore electrolysis



NortH2 – Preliminary results

eH2

Decentralized offshore electrolysis Centralized onshore electrolysis



• €/MWh price H2 for large parts of the North Sea lower than
electricity €/MWh price at landing points onshore 

• Further from shore, H2 production cheaper than electricity production

• In turbine H2 production minimize overall costs and losses

NortH2 – Preliminary results

14-06-2022



Thank you for your attention
Z.Lukszo@tudelft.nl
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