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A proton, H+ 

No. 1:  Hydrogen, H No. 8: Oxygen, O 

H2 → 2H+ + e- 
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Energy conversion 

Fuel, 

chemical energy 

Heat/pressure 

Mechanical 

energy 

Electricity 
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Hydrogen as an energy carrier 

H2 + ½O2 

H2O + Energy 
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H2 + ½O2     H2O + Energy ← → 
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Fuel cell    or    electrolyzer 

H2  2H+ + 2e- ½O2 + 2H+ + 2e-  H2O 
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Catalyst 
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Hydrogen energy 

Cyrus Harding:  

 

“Yes, my friends, I believe that water will one day be employed as fuel, that 

hydrogen and oxygen which constitute it, used singly or together, will 

furnish an inexhaustible source of heat and light, of an intensity of which 

coal is not capable.”  

 

1874 Jules Verne predicted in “The 

Mysterious Island” (chapter 33): 

 



DTU Energy 
Technical University of Denmark 

J.O. Jensen – Inaugural Lecture, DTU 17-04-2015 

The first ICE powered vehicle 

Francois Isaac de Rivaz 

(Switzerland),  

 

In 1807: First vehicle driven by 

an internal combustion engine.  

 

Driven by a mixture of hydrogen 

and oxygen. 
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The fist hydrogen society ? 

Askov Højskole, 1897 (a folk high school) 

Mills + electrolysis for gas light 

Poul la Cour  

(1846-1908)  
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The space missions 

Apollo 11 

1969 

Apollo AFC 1964 Apollo FC 
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Early applications 

 Karl Kordesch 1967 
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Climate change 
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Need to worry? 
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Gulf Stream 
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? 



DTU Energy 
Technical University of Denmark 

J.O. Jensen – Inaugural Lecture, DTU 17-04-2015 

Solar influx 

Total solar influx: 

 

~ 10 000 times our 

energy demand. 

 

Energy for one year 

In less than one hour   
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Energy figures for Denmark 

Energy consumption 2013 

Total consumption                   759 PJ 

Extraction, convers., distrib.    150 PJ 

Final consumption                   609 PJ 

- Hereof transport                    202 PJ 

Potential for renewable energy        (utilized) 

Electricity                              1460 PJ  (26) 

Heat                                        147 PJ  (7) 

Bio mass + waste                   310 PJ  (89) 

Total:                                     1917 PJ  (122) 
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Energy storage technologies 
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Energy storage density 
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Renewable electricity  Fuel 

Hydrogen 

Hydrogen 

storage 

Synthetic fuels 

 Carbon (CO2) 

Methanol/DME 

RE electricity 

Water electrolysis 

Gasoline/diesel 

Methane 
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Fuel cell/electrolyzer temperatures 

RT 200ºC 600ºC 1000ºC 

Molten carbonate 

(O2- as CO3
2-) 

Solid Oxide (O2-) 

PEM (H+) 

Alkaline (H+ via OH-) 

Phosphoric acid (H+) 

100ºC 

High temperature 

cells 
Intermediate 

temperature 

fuel cells 

? 
Low temperature 

cells 
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Why high temperature PEM fuel cells 

Low temperature  

– a key advantage of PEMFC 

• Many materials available 

• Limited degradation (?) 

• Easy start-up 

• Limited heat losses for micro-cells  

 

Advantages of higher temperature 

• Better kinetics (cheaper catalysts?) 

• Higher CO tolerance 

• No water management - No liquid water 

• Higher value of excess heat 

• Easier cooling 

• Alternative fuels? 
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Air in Air out 

Humidification 

of the air 
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PURE Project (EU FP7) 

ATR

Water gas shift reactor

ATO/ steam generator

Desulfurization

Reformate/ air cooler

Ref. cooler/ steam generator

Fuel cell stack

Control box Glycol cooler

Auxiliary power unit for boats (on propane) 
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Activities at DTU 
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Single cell durability 

2 X 12 channel test bench (cells 10 cm2) 
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Research in fuel cells and electrolyzers 
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Why not make electrolyzers ? 

High temperature PEM fuel cells High temperature PEM electrolyzers 
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Elemental abundance 

U.S. Geological Survey  

Fact Sheet 087-02 
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Efficient low cost electrolyzers 
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Efficiency, compactness, rate capability… 

PEMEC SOEC 

AEC 

//upload.wikimedia.org/wikipedia/commons/a/a5/PEM_electrolyzer.jpg
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Improvement of alkaline water electrolysis 
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Ways to anion conducting polymer membr. 
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Platinum free catalysts 

Starting material 

Autoclave 

500-800°C 
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Acidic (0.1 M HClO4) Alkaline   (0.1 M KOH) 

E vs. RHE E vs. RHE 

Y. Hu, J. O. Jensen, W. Zhang, L. N. Cleemann, W. Xing, N. J. Bjerrum, Q. Li,  

Angew. Chem. Int. Ed. 53 (2014) 3675. 

Activity experiments 
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Fuel cell driving in Denmark 

Planned 

Active 

Decided/construction 

Copenhagen (Sydhavnen) 

15 Hyundai 2013  
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Toyota FCV from 2015 

MOTOR  FUEL 

CELL 

STACK 

POWER 

CONTROL 

UNIT 

HYDROGEN 

TANK 

BATTERY 

http://green.autoblog.com/photos/toyota-hydrogen-fuel-cell-prototype/
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Meet the Proton Conductors 

Seniors 

Scientists/Post docs 

Technicians 

PhD students Secretary Guest 
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? 
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Microsoft appearance wizard 

The MS Appearance wizard has detected a 

sentimental content in this presentation.  

 

You’re a scientist. Don’t do it again, or the 

application will be terminated. 
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