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Was ist “Power-to-gas”? 

Energie 

Arbeit 

13 kWh/kg 

Energie 

Arbeit 

Elektrolyse 

Speicherung 

Konversion 1-2 (<<39) kWh/kg 
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Korrelation Nachfrage und Energieproduktion 

Ref.: Winfried Hoffmann, 2007 

ON JUNE 16th 2013 something very peculiar happened in Germany’s electricity market. The wholesale price of electricity fell 

to minus €100 per megawatt hour (MWh). That is, generating companies were having to pay the 

managers of the grid to take their electricity. It was a bright, breezy Sunday. Demand was low. Between 2pm and 3pm, solar 

and wind generators produced 28.9 gigawatts (GW) of power, more than half the total. The grid at that time could not cope 

with more than 45GW without becoming unstable.  

       The Economist Oct 12th 2013 
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Solare Energie 

Solarkonstant:e P = 1000 W/m2 
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M. H. Miles et al., J. Electrochem. Soc., 123, 332 (1976). 

5 mA/cm2  

= Solar water 

splitting device 

Alkali-Elektrolyseur 

~200 mA/cm2  
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 Uni Zürich: URPP LightChEC, 

http://www.lightchec.uzh.ch The main 

objectives of the URPP Solar Light to 

Chemical Energy Conversion are to 

discover and develop new 

molecules, materials and processes 

for the direct storage of solar light 

energy in chemical bonds (Artificial 

photosynthesis) 

 

 EPFL: The PECHouse Initiative has 

allowed to create a competence 

center for hydrogen production by 

direct photo-electrolysis (PEC) 

 

Abdi, F. F. et al. Nat. Commun. 4, 2195 (2013). 

URPP  

LightChEC 

TU Delft 

M. Grätzel 

“Light-to gas” 

http://www.lightchec.uzh.ch/


Chueh W.C., Falter C., Abbott M,, 

Scipio D., Furler P., Haile S.M., 

Steinfeld A. Science, Vol. 330, 

pp. 1797-1801, 2010. 

Brute force approach: Solarenergie bei 1500°C 

ETH 



EU-Horizon 2020 - WORK PROGRAMME 2014-2015 

Technology Readiness Level 

Starting energy: electricity 

Marktreife ab TRL1: 8-15 Jahre, BfE 2030 

Perspektive: 33% erneuerbare Energieträger 



Elektrochemische Route 

CO2 + H2O + Elektrizität  → CHx 

+ - 
H2 O2 

CH4 

CO2 

Chemische Route 

CO2 + H2 → CHx 

Photochemische Route 

CO2 + H2O + Licht  → CHx 

Power-to gas 



Membran 

30% KOH, 80°C 

+ - 
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Diffusion 

Membrane 

Electrolyser 

Polymer-Electrolyte  (PEM) 

Electrolyser 

Solid oxide Electrolyte  

(SOE) Electrolyser 

Prinzip Wasserelektrolyse 



M. H. Miles et al., J. Electrochem. Soc., 123, 332 (1976) 

Elektrolyse 
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Asbest-Membranen 

(Empa, IHT) 

Nafionmembranen 

(PSI) 

BSE image 

HT-Membranen/ 

Elektroden 

(Empa, PSI, EPFL, ZHAW) 

Forschungsaktivitäten zu Elektrolyse-bauteilen 

neue Materialien… 



Elektrolyse-Systeme 
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Biogas nach “Zero-emission Biogas” 
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Energieverluste  

durch Separation 

Ca. 10 % 

Energieverluste  

durch Konversion 
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M. SPECHT, et al., ERDÖL ERDGAS KOHLE 126 (2010) 342;  KBB Underground Technologies GmbH | Baumschulenallee 16 | D-30625 Hannover 

100% CH4 

+ H2 

Konversion 

von 100% C 

Elektrolyseur 



4 H2 + CO2  CH4 + 2 H2O  

Sabatier Reaktion 

x 

Oberflächen- 

Reaktion auf einem 

“Katalysator” 

Reaktion durchläuft 

versch. Teilreaktionen 

 

Ungewollte 

Nebenreaktionen 



Reduktion von CO2 auf Katalysatoren 
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Idea from M. SPECHT, et al., ERDÖL ERDGAS KOHLE 126. (2010)342. 



Wasserabsorption stimulierte Methanation 

Schema Normaler Kat Schema Sorptions-Kat 
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B. T. Carvill, et al., AIChE J. 1996, 42, 2765.  

NaX zeolites 

DH =-55 kJ/mol H2O 

T = 275°C 

500 nm 100 nm

SorptionsKat: SEM/TEM 

Realisierung 
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Borgschulte, et al. Phys. Chem. Chem. Phys., 15, 9620 (2013). 
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Eindrucksvolle Wirksamkeit der Sorptionskatalyse 

Sorptionskatalyse 

S. Walspurger, G. D. Elzinga, J. W. Dijkstra, M.Sarić and W. G. Haije, Chemical Engineering Journal, 2014, 

242, 379  



 PSI: 

 

 

 

 

 Herausforderung: Methanisierung von stark (S) 

verunreinigtem Holzgas (~ CO + H2 + X) 

 

 S ist starkes Katalysatorgift  

Synthetisches Erdgas aus Biomasse: Holz 

Biollaz et al., Applied Catalysis A: General 313 (1), 14 – 21 (2006). 



 Sorptionskatalyse braucht regelmässige 

Trocknungszyklen (Pressure swing desorption) 

 Trocknung wird kombiniert mit Redox-Zyklen 

Lösung durch SmartCats:  

Gemeinsames Projekt ZHAW/Empa 

Bundesamt für Energie 

FOGA
Forschungs-, Entwicklungs- und Förderungsfonds der schweizerischen Gasindustrie
Fonds de recherche, de développement et de soutien de l'industrie gazière suisse



CO2 + H2  → CO + H2O 

CO2 + 4H2  → CH4 + 2H2O 

H2O → H2 + O2  

Air  → 100% CO2  

nCH4  → [-CH2-]nH2 + (n-1)H2 

nCO + (2n+1)H2  → [-CH2-]nH2 + (n-1)H2O 

nCO2 + (6n+2)MH  → [-CH2-]nH2 + 2nH2O 

nCO2 + (n+1)H2O  → [-CH2-]nH2 + (n+1)/2O2 

air: (80% N2, 20% O2, 0.038% CO2) 

Electrolysis 

Rev. Water gas shift reaction 

Sabatier reaction 

Fischer-Tropsch synthesis 

Methan activation 

MH synthesis 

Co-electrolysis 

M + ½H2  → MH 
Hydride formation 

M + H2O → H2 

M + CO2  → CO + MO 

nCO2 + nH2O  → [-CHOH-]n + nO2 

Photosynthesis 

Chem. Reduction 

 [-CHOH-]n + H2 → [-CH2-]nH2 + n/2O2 

carbonhydrate → hydrocarbon 

CO2 + Ca(OH)2  → CaCO3⋅H2O CaCO3  → CO2 + CaO CaO + H2O → Ca(OH)2 

Sequestration 

CO2 kann mehr A. Züttel EPFL Valais / Wallis in Sion VS 



Ma terials Sci ence & Technolog y

Cluster Source & XPS 

TEM & SEM 

Analytical Setup, GC, 

MS, IR 

Reaction 

Kinetics, 

Thermodynamics 

Structure, Morphology, 

Distribution 

Mechanism 

Gas Controlling System 

XPS with MS and gas supply 

FUTURE RESEARCH 

A. Züttel EPFL Valais / Wallis in Sion VS 



“Power-to-gas” in der Schweiz 

LT/HT 

Elektrolyse 

CO2-Nutzung/ 

Umwandlung 
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Direkte 

Umwandlung 

Licht-Brennstoff 

Wasserstoff-

speicherung 

Neue Materialien 

Systeme 

Biogas 


