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Introduction

 Matthias Klingele

 B.Sc. and M.Sc. in physics (University of Konstanz)

 PhD „Manufacturing and Characterization of Fuel 
Cells“ (University of Freiburg)

 Group leader „Fuel Cell Analysis and Materials“ at 
Fraunhofer ISE in Freiburg

 Professor for „Wasserstoffproduktion und –logistik“ 
since October 2022

 Spare time: Two little children, climbing, biking
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Introduction

 Experimental research on electrolyzers and fuel cells

© Hochschule Kempten – University of Applied Sciences, Prof. Matthias Klingele3

https://www.hs-kempten.de/fakultaet-maschinenbau/labore/labor-fuer-wasserstofftechnologien/team



Lecture Material

 Eglish slides, flexible language.

 Everything is on moodle: 

 Hydrogen Technologies (WiSe 2025/2026)

 Password: HYTECH-2526
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Lecture Outline

Where and why does in make sense to use Hydrogen? 
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Lecture Outline

How can Hydrogen be produced? 
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200 nm



Lecture Outline

How can Hydrogen be stored and transported?

© Hochschule Kempten – University of Applied Sciences, Prof. Matthias Klingele7



Lecture Outline

How can Hydrogen be used?
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10.5 kWh battery

4.4 kg H2
45 kW PEMFC



Lecture Outline

How can Hydrogen be used?
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𝐹𝐹𝐹𝐹𝑂𝑂𝑥𝑥 + 𝐶𝐶 → 𝐹𝐹𝐹𝐹 + 𝐶𝐶𝑂𝑂2 

𝐹𝐹𝐹𝐹𝑂𝑂𝑥𝑥 + 𝐻𝐻2 → 𝐹𝐹𝐹𝐹 + 𝐻𝐻2𝑂𝑂 

„Power-to-X“



Lecture Outline
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Introduction

H2 production

H2 storage and logistics

H2 Utilization

TBA



Why?
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Goals for Lecture 1

Unterstanding of:

 How is our (german) energy system built?

 What‘s the plan for the „Energiewende“?

 Why will Hydrogen play a major role in the „Energiewende“?
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Energy System ~ 1960
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Energy System at the moment
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Energy System at the moment (update 2023)
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Energy Transition Means: No Fossile Primary Sources!
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Energy Transition Means: No Fossile Primary Sources!
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Energy System of the Future
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Numbers: Why is Hydrogen a „must have“?
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Numbers: Why is Hydrogen a „must have“?
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55,7 %

 Green electricity unfortunately isn‘t directly applicable everywhere!

33,1 %



How much Energy are we talking about?

How much energy do we use, and where do we get it from?
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Umweltbundesamt auf Basis AG Energiebilanzen, 
Stand 09/21

2317 TWh

Mobility

IndustryHouseholds

„Gewerbe“

Presenter-Notizen
Präsentationsnotizen
Jetzt schauen wir uns an: Über welche Energiemengen sprechen wir bei der Energiewende?



„Energiewende“ and Energy Consumption per Year

How much energy do we use, and where do we get it from?
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Umweltbundesamt auf Basis AG Energiebilanzen, 
Stand 09/21

2317 TWh

Mobility

IndustryHouseholds

„Gewerbe“

Example 1: Nuclear Power Plant: 1400 MW
 2317 TW/ 1400 MW =  1.6 Mio.
 2317 TWh: Would require 1.6 Mio. nuclear power plants if produced 

within one hour 
 2317 TWh: Would require 182 nuclear power plants if produced within 

1 year 

Example 2: Coal
 Heating value: 8kWh / kg
 2317 TWh: 289.625 Mio. T



„Energiewende“ and Energy Consumption per Year

How much energy do we use, and where do we get it from?
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Umweltbundesamt auf Basis AG Energiebilanzen, 
Stand 09/21

2317 TWh

Mobility

IndustryHouseholds

„Gewerbe“

15 % EE

Industry



„Energiewende“ and Energy Consumption per Year

How much energy do we use, and where do we get it from?
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Umweltbundesamt auf Basis AG Energiebilanzen, 
Stand 09/21

2317 TWh

Mobility

IndustryHouseholds

„Gewerbe“ 27 % EE

Households



„Energiewende“ and Energy Consumption per Year

How much energy do we use, and where do we get it from?
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Umweltbundesamt auf Basis AG Energiebilanzen, 
Stand 09/21

2317 TWh

Mobility

IndustryHouseholds

„Gewerbe“ 7 % EE

Mobility



„Energiewende“ and Energy Consumption per Year

How much energy do we use, and where do we get it from?
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Umweltbundesamt auf Basis AG Energiebilanzen, 
Stand 09/21

2317 TWh

Mobility

IndustryHouseholds

„Gewerbe“ 20 % EE

Total



„Energiewende“ and Energy Consumption per Year

How much energy do we use, and where do we get it from?
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Umweltbundesamt auf Basis AG Energiebilanzen, 
Stand 09/21

2317 TWh

Mobility

IndustryHouseholds

„Gewerbe“ 20 % EE

Total

1853 TWh



„Energiewende“ and Energy Consumption

 Energiewende means substitution of 1853 TWh fossil energy in all sectors

 For comparison: 2021 produced 233 TWh clean electricity!

 „Ausbau“ is too slow

 ~ 100 years

 We have too little green electricity for a succesfull „Energiewende“
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~ 14 TWh/a 
growth rate 



„Energiewende supply-demand mismatch“

 We mostly have green electricity when the sun is shining and winds are blowing 
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www.energy-charts.info



Current prolems of electricity-based „Energiewende“ 
(summary)

 Green electricity unfortunately isn‘t directly applicable everywhere!

 We have too little green electricity

 We mostly have green electricity when the sun is shining and winds are blowing 
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Current prolems of electricity-based „Energiewende“ 
(summary)

 Green electricity unfortunately isn‘t directly applicable everywhere!
 Find green solutions for emitters which can‘t be electrified

 We have too little green electricity
 Scale up local green electricity production as fast as possible
 Find a way for importing green energy

 We mostly have green electricity when the sun is shining and winds are blowing
 Scale up green energy storage
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For a sucessful „Energiewende“, we need to…

 Find green solutions for emitters which can‘t be electrified

 Scale up local green electricity production as fast as possible

 Find a way for importing green energy

 Scale up green energy storage
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For a sucessful „Energiewende“, we need to…

 Find green solutions for emitters which can‘t be electrified

 Scale up local green electricity production as fast as possible

 Find a way for importing green energy

 Scale up green energy storage
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Hydrogen



German national „Wasserstoffstrategie“

This insight lead to the German national „Wasserstoffstrategie“ in 2020.
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Tagesschau, 10.06.20



Find green solutions for emitters which can‘t be electrified
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Green H2 instead of „grey“ H2

Chemicals (e.g. Ammonia) Steel

𝐹𝐹𝐹𝐹𝑂𝑂𝑥𝑥 + 𝐶𝐶 → 𝐹𝐹𝐹𝐹 + 𝐶𝐶𝑂𝑂2 

𝐹𝐹𝐹𝐹𝑂𝑂𝑥𝑥 + 𝐻𝐻2 → 𝐹𝐹𝐹𝐹 + 𝐻𝐻2𝑂𝑂 

𝑁𝑁2 + 3𝐻𝐻2 → 2𝑁𝑁𝐻𝐻3 

Green hydrogen as reduction agent



Find green solutions for emitters which can‘t be electrified
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Find green solutions for emitters which can‘t be electrified
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Heavy Duty Transportation

H2 fuel cells or direct combustion 
instead of using fossile fuels 

Aviation

H2 fuel cells or direct combustion 
instead of using fossile fuels



Find green solutions for emitters which can‘t be electrified
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Scale up local green electricity production as fast as possible

 In addition to the much needed „Ausbau“ of PV and wind, hydrogen power plants can add to a 
greener electricity mix!
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Find a way for importing green energy

 Importing electricity is very difficult (see Desert-Tec project)!

 Hydrogen (and hydrogen derivates) are promising carriert for importing green energy!
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Scale up green energy (electricity) storage
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Scale up green energy (electricity) storage

Hydrogen enables mobile energy storage
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TH Regensburg FENES, 2013

Wind

Sun



Hydrogen enables mobile energy storage
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Source: European Hydrogen Backbone initiative 2021

Scale up green energy (electricity) storage



Hydrogen is needed!

We need massive amounts of Hydrogen!
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How much Hydrogen will we need in Germany?
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„Technologieoffenheit“ makes a precise prediction very difficult

Today: ~ 60 TWh (chemicals)

2050: ~ 250 – 800 TWh

Green Hydrogen demand in Germany per year

Fraunhofer, „Eine Wasserstoff-Roadmap für Deutschland“, 2019

„TWh“ refers to lower heating value (1kg H2 is 33 kWh) 

800 TWhH2 are 24 Megatons H2



How much Hydrogen will we need in Germany?
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„Technologieoffenheit“ makes a precise prediction very difficult

Today: ~ 60 TWh (chemicals)

2050: ~ 250 – 800 TWh

Fraunhofer, „Eine Wasserstoff-Roadmap für Deutschland“, 2019

„TWh“ refers to lower heating value (1kg H2 is 33 kWh) 

800 TWhH2 are 24 Megatons H2

Green Hydrogen demand in Germany per year



Hydrogen gains political and public interest!
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Next: Production of Hydrogen

 Reformation of Methane

 Gasification of Coal

 Direct splitting of Hydrocarbons

 Direct splitting of water (Electrolysis)
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