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Electricity storage systems - comparison
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Source: ITM Power plc.



Existing H2 based energy storage system
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Existing H2 based energy storage system

Conversion of electrical energy from renewable energy source into 

hydrogen (Power-to-Gas)

Main components:

3

Photovoltaic panels

(13 kWp, 60 panels)
PEM electrolyzer

(6.7 kW ~ 1.05 m3/hr(N))

10 m3 H2 tank

(5 - 15 bar => 10 H2 kg)

PEM fuel cell

(4 kW, Fronius)



Existing H2 based energy storage system
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Existing H2 based energy storage system
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typically operated at temperatures at elevated temperature over

200 °C depending on the used catalyst

two-step reaction mechanism 

the watergas shift reaction: CO2 + H2 ⇆ CO + H2O

formation of methane: CO + 3H2 ⇆ CH4 + H2O 

besides methane and water, also higher saturated hydrocarbons can 

be found, for example ethane (the most stable C2+ hydrocarbon)

CO2 + 3.5H2 ⇆ 0.5C2H6 + 2H2O

under certain process conditions, carbon precipitation can occur

CO2 + 2H2 ⇆ C + 2H2O

Methanation process theory
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4 H2 + CO2 CH4 + 2 H2O (-165 kJ/mol)
200 – 300 °C

catalyst



Methanation unit integration
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Methanation reactor design
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Counter-current flow reactor

upstream gas flow (catalysts)

length 0.6 m

inlet gas preheating area

catalysts volume up to 0.9 L

thermocouples (4) for evaluation of  

reaction temperature pattern 

Reactor heat management

methanation: exothermal reaction

heat transfer medium: mineral oil

Marlotherm LH (380 °C)

usable for start-up heating



Methanation unit design
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external heat/cooling loop

oil circulation pump

electric heating

feed gas mixture preparation

H2/CO2 ration variability

2 stage product gas dehydration

4 H2 + CO2 CH4 + 2 H2O

condensation (200 => 40 °C)

absorption deep dehydration

SNG composition analysis

CH4, CO2, H2



Coupling the current storage pilot plant with methanation unit

Power-to-Gas (CH4)

Overall process energy efficiency evaluation

Operation at variable conditions with focus on achieving the 
best SNG quality to meet a local legislative requirements for 
distribution grid injection possibility

temperature, H2/CO2 ratio

pressure limitations (Hogen S40 electrolyser output pressure: 15 bar)

Laboratory research a development of novel sulphur resistant 
catalyst

CO2 from CCS technology

Operation of methanation unit with a variable hydrogen 
production (electrolyser – PVE coupling)

Our challenges
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Laboratory tests results I
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Reaction equilibrium pressure dependence

H2/CO2 = 4

NiO catalyst

c(H2) ~ 5 – 20 vol.%

c(CO2) ~ 1.5 – 5 vol.%



SNG injection legislative limitations
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Czech Republic situation

compositon requirements

natural gases vs. biomethane (SNG?)

CH4: >85 vol. % vs. >95 vol. %

CO2: max. 5 vol.

H2: ??? vs. max. 0.1 vol. %

H2O, C2+, etc.

Wobbe index

HHV, LHV range

H2 limits for SNG injection into gas grid



Thank you for your 

attention!

Lukáš Polák 

lukas.polak@ujv.cz
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