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Abstract

Governments have too high expectations of the of Hydrogen in the Energy
System. This presentation shows what Hydrogen may contribute, and why and
how.
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From Hype to Expensive Failure

excerpt from:

Hydrogen— study Opportunities, 

potentials & challenges in the 

global energy system
16

published in 2021
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What are Viable and Feasible Hydrogen Applications

chemical feedstock; refinery, ammonia, methanol
no alternatives

steel
direct reduction is an alternative

pulp, paper, food processing and tobacco

heat pumps promise better cost performance; direct heat has less losses

glass

heat is too expensive via H2; direct heat has less losses

concrete

heat is too expensive via H2; direct heat has less losses

water and space heating

heat pumps

automotive transport
batteries, electric propulsion

short haul shipping (~250km), aviation (~1000km)
batteries, electric propulsion

long haul shipping and aviation
energy carrier via H2, e.g. ammonia, methanol, ...

long-term energy storage

storing  H2 directly or, e.g. ammonia, methanol, ...

all data from Liebreich
2

process

industry

transportation

heat

Role of Hydrogen for Sustainability
3 Gerrit Muller

version: 0.2
March 24, 2026

RFHSapplicationsH2



Dutch CO2 Emissions in 2023 per Sector

17

Industry 46.6 Mt

Mobility 30.6 Mt Agriculture

25 Mt
Electricity

23.5 Mt Buildings

17.3 Mt

Land use

3.8 Mt

Refineries

 10.3 Mt
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Current Situation: Using Methane Causes CO2 Emissions

from: https://commons.wikimedia.org/wiki/File:Combustion_reaction_of_methane.jpg I added Smileys and energy/heat.

+
energy/

heat
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Relevant Chemistry, 4 Elements Play a Main Role

from, I added ellipses:
https://upload.wikimedia.org/wikipedia/commons/thumb/9/9d/Periodic_Table_Chart.png/1280px-Periodic_Table_Chart.png

from: https://en.wikipedia.org/wiki/Standard_atomic_weight

atoms

Symbol name atomic weight

H Hydrogen   1

C Carbon 12

N Nitrogen 14

O Oxygen 16

molecules

formula name gas/liquid

H2 Hydrogen gas

O2 Oxygen gas

N2 Nitrogen gas

CO2 Carbondioxide gas

CH4 Methane (natural) gas 

CH3OH Methanol liquid

H2O water liquid

NH3(aq) Ammonia liquid

HCOOH formic acid liquid
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Production of Hydrogen, Main Options

Grey Hydrogen from reforming Methane
12

:
CH4 + H2O + 206 kJ/mol→ CO + 3H2 @700-1100

o
C

CO + H2O → CO2 + H2 + 41 kJ/mol @130
o
C

in totaal: CH4   + 2 H2O +165 kJ/mol → CO2 + 4 H2

Green Hydrogen through electrolysis
13

:

2 H2O  + 286 kJ/mol  →    2 H2      +       O2

https://commons.wikimedia.org/wiki/File:Water_molecule_3D.svg

https://commons.wikimedia.org/wiki/File:Oxygen_molecule.svg

https://commons.wikimedia.org/wiki/File:Carbon-dioxide-3D-vdW.svg

https://commons.wikimedia.org/wiki/File:Methane-3D-space-filling.svg

https://commons.wikimedia.org/wiki/File:Dihydrogen-3D-vdW.png

https://fr.wikisource.org/wiki/Fichier:Fireicon.svg

→

→+ +

+ + +
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Block Diagram of Hydrogen Production and Consumption
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Simplified Electrolysis Diagram
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Table with Efficiency of Process Steps

combustion

engine

turbine

fuel cell

compressor

decompressor

liquifier

deliquifier

electrolyzer

alkaline

preparing, e.g.

cleaningauthor’s  guess

70%
7, 8, 10

75%
5

70%
9alkaline

@ partial load

40%
10

50%
10

90%
10

60%
10alkaline

@ viable load

90%

34% 28% 23% 28%

90% 90%

70%
7, 8, 10

70%
7, 8, 10

90%
10

90%
10

70%
7, 8, 10

90%

end-to-end (25% to 30%
11

)

fuel cell, 

compressed

limited capacity

fuel cell,

liquified

limited capacity

turbine

compressed

combustion 

compressed

very immature

60%
10

Role of Hydrogen for Sustainability
10 Gerrit Muller

version: 0.2
March 24, 2026

RFHShydrogenTableEfficiency



Energy Density of Energy Carrier Candidates

By Scott Dial - Own workData Source: Energy density, Lithium-ion battery,

Public Domain
3
, https://commons.wikimedia.org/w/index.php?curid=5551431
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Energy Density of Energy Carrier Candidates
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Some Future Developments

10 MWh

solid-state hydrogen

energy storage

https://www.photoncycle.com

provides hot water,

heat and electricty

subsciption model

high temperature (750
o
C) electrolyser, 90%

https://www.solar365.nl/nieuws/bollenbedrijf-zet-overschot-zonnestroom-om-in-waterstof--67A6ACB4.html

Local Hydrogen production using

low cost electricity
https://www.energypoints.nl

https://www.rvo.nl/praktijkverhalen/pionieren-met-betaalbare-waterstofproductie
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