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1. INTRODUCTION

Motivation:

* It is not possible to force variable renewables
into the system storage needed 4

* Hydrogen is seen as such a clean energy carrier
since decades

* Urgent needs for clean energy carriers

* Yet so far it has not delivered
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EU-Roadmap H2 
(2003) 
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H2 production plant

Fuel cell plant

HH22HH22

HH22HH22

Natural gas

Filling station

Depleted gas well
IDROCOMB/MR/2002

Deep saline acquifer

Power generation 
plant

Thermal solar Wind turbine

Biomass

PV plant

COCO22COCO22

This is how an integrated energy system of the future might look – combining large and
small fuel cells for domestic and decentralised heat and electrical power generation.
Local hydrogen networks could also be used to fuel conventional or fuel cell vehicles.

Source: EU, 2003

4

The vision of a hydrogen–based
energy system
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Main colors of hydrogen 

Primary 
Inputs

Natural gas 
+ water, coal

+ air

Natural gas+ 
water+ air

Natural gas 
+ water

Renewable
electricity + 

water

Nuclear
electriciy+ 

water

Grid 
electricity+ 

water

Process SMR, coal
gasification

SMR + CCS Pyrolysis Electrolysis Electrolysis Electrolysis

Output H2 + CO2 H2 + CO2 
(partly

captured)

H2 + C H2+ O2 H2 + O2 + 
nuclear
waste

H2 + CO2
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Nuclear

Renewables

Natural ga  
Coal

6

3. Renewable electricity generation
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Scenario monthly 2030
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Hydrogen as storage for re-electrification

Electrolyser G
Electricity H2

Compressor Combined cycle

Electricity

H2-Storage

H2 H2

η=60-70%

η ≈90% η=50-60%

η=27-38%

Very low roundtrip efficiency for electricity!
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Hydrogen production costs for the main colors
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The following studies
are included in the
analysis: 
BNEF, 2020; 
Hydrogen Council, 
2020; IEA, 2018; 
Ji and Wang, 2021; 
Kayfeci et al., 2019; 
Longden et al., 2022; 
Midilli et al., 2021; 
Noussan et al., 2021
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Production from
wind is more
economical in 
general

Pipeline 
transport is
cheaper

Generally 
very
location
specific

Cost savings
are relatively
low

In Morocco, 19% and 
in Tunisia, only 3% of 
the generated 
electricity comes from 
renewable sources (as 
per 2021)

Comparison  of hydrogen transportation cost 
and renewable hydrogen production
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6. SCENARIOS : TL EXPECTED 

Minus 30 %
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- A hydrogen economy in the energy system will 
never emerge

- Electricity is more efficient electrify what is
easily possible 

- Unlikely for passenger car transport or heating
- However,  green H2 to use excess electricity from

variable renewables
- Important to force H2 in processes that

cannot be decarbonized in any other way

9. CONCLUSIONS  

- How to produce huge quantities of renewable
electricity? Or will Western countries rely on H2
imports? From which countries? 

- A planned economy or a market? 
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