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Renewable (power to ) methane: 
Storing renewables by linking power and gas grids
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Global technical potential of renewable power

Largest potential: wind & solar

Largest problem: 
meteorological dependency

make it available
for power, heat and transport

Source: Schmid, Sterner 2009
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Energy scenario of the German govt. for 2050 (80% RES)
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Energy scenario of the German govt. for 2050 (80% RES)
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Energy scenario of the German govt. for 2050 (80% RES)
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Residual load in the German energy scenario up to 2050

High peak
load demand
(25 GW)

Base load
fades out

Strong
fluctuations of 
surplus power 
(40 GW)

Challenge: match surplus fluctuations with peak demand:
‘charge daily – discharge weekly’
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Distribution of required peak power from residual load

Short term
storage:
Pumped Hydro,

Stationary and 
Mobile
Batteries,

CAES, Flywheels

Long term
storage:

PHS Canada?

H2 + ???

Store H2 
somehow

Major challenge: Long term energy storage

hour
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How does nature store energy for long periods of time?

H2O

Chemical energy
(fossil, bio)

Efficiency: 1% 
to biofuel 0,5%

Core process: 1) splitting of water 
2) hydrogen reacts with CO2
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Renewable power (to) methane / SNG
Storing renewable power as substitute natural gas 

by linking electricity and natural gas networks

Source: Sterner,  2009; Specht et al, 2009
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Renewable power (to) methane / SNG with biogas plants
Doubling methane output – Maximizing carbon use

Avoiding
Methane Leakage

Source: Sterner,  2009; Specht et al, 2009
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Renewable power (to) methane / SNG
Efficiency

60-65% SNG

35-40% Power

50-60% CHP

Vs. 0% due to 
power cut off / 
power curtailment

Source: Sterner,  2009
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Comparision of storage capacity and discharge time of RE-SNG

0,001

0,01

0,1

1

10

100

1000

10000

1 kWh 10 kWh 100 kWh 1 MWh 10 MWh 100 MWh 1 GWh 10 GWh 100 GWh

1 m

1 h

1 d

CAES

1 TWh 10 TWh 100 TWh

CAES

Fly
Wheels

Storage capacity of different storage systems

D
is

ch
ar

ge
 ti

m
e 

[h
]

Batteries

PHS

1 a

SNG

H2

0,001

0,01

0,1

1

10

100

1000

10000

1 kWh 10 kWh 100 kWh 1 MWh 10 MWh 100 MWh 1 GWh 10 GWh 100 GWh

0,001

0,01

0,1

1

10

100

1000

10000

1 kWh 10 kWh 100 kWh 1 MWh 10 MWh 100 MWh 1 GWh 10 GWh 100 GWh

0,001

0,01

0,1

1

10

100

1000

10000

1 kWh 10 kWh 100 kWh 1 MWh 10 MWh 100 MWh 1 GWh 10 GWh 100 GWh

1 m

1 h

1 d

CAES

1 TWh 10 TWh 100 TWh

CAES

Fly
Wheels

Storage capacity of different storage systems

D
is

ch
ar

ge
 ti

m
e 

[h
]

Batteries

PHS

1 a

SNG

H2

Different solutions for different tasks: ancillary vs. arbitrage
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German annual power generation: about 600 TWhel at average 70 GWel

German storage capacities

Pumped hydro, batteries (existing): about 0,07 TWhel range: few hours

E-mobility: max. 45 Mio. cars @ 10 kWhel: 0,45 TWhel range: few hours

Natural gas network (existing): 200 TWhth ~ about 100 TWhel range: 2 month

Transmission capacity of energy grids:

electricity grids: one-digit GW

gas pipelines: two-digit GW – one order of magnitude higher

Costs

Invest (compressor, elektrolyzer, methanation,...) – about 1000-2000 EUR / kWel

Power purchase for 2-4 €-cent / kWhel for 8 €-cent / kWhth methane revenue
(depends strongly on operation and control concept)

the value of ‚green‘ gas is currently 8 €-cent – gas from Russia: 2 €-cent

Renewable power (to) methane / SNG
Efficiency & Storage capacities & Area yields
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CO2 Absorption Capacity = 1.5 ha Maize p.a.

From concept to reality – Setup 30 kW SNG output
The first pilot plant from Solar Fuel at ZSW Stuttgart

Source: Waldstein, 2009
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From concept to reality – Experimenal results
Gas composition upstream and downstream methanation
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Hectare yields for renewable fuels in t_gasoline_eq. / ha a

Use of solar irradiation for the same fuel: biomethane: 0,5%; solarmethane: 10%

Main advantage of ‚wind methane‘: combined energy- and agro-economy
Renewable fuels (methane, ethanol, kerosene) with high energy density from wind 
& solar without limited range like e-mobility and food competition like biofuels

Source: Sterner, Specht et al, 2010

1 t Gasoline = 43,2 GJ
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“carbon sink
energy system”

100% renewable energy structures: (1) with biomass residues

Source: Sterner, 2009
not energy crops

or other renewable fuels
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100% RE power supply: Case study German energy scen. x 1.2
Simulation with high temporal resolution (1h) for 2050

Source: Sterner, 2009
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Renewable Power (to) Methane  - Summary: Game changer (1)

Storing renewables (wind, solar) in the natural gas grid / gas storage sites

Long term storage at tested sites, “no“ storage limitation

Use existing infrastructure

Less competition on storage sites

very high energy density (renewable-SNG 3 times higher than H2)

CCU (Use) instead of CCS (use storage sites for CO2 and renewables)

combination with other storage options / bridge for hydrogen

Stable power supply with renewables – ‚integrated thinking in systems‘

Reserve energy, balancing power for fluctuating RE from fluctuating RE

Wind & Solar “base load“ with CHPs – increasing secured RE capacity

Wind/Solar & gas power plants go very well together in power systems

Recycle CO2 in the energy system by oxyfuel process (use surplus O2)
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Renewable Power (to) Methane - Summary: Game changer (2)

CO2-neutral carbon-based energy carrier for transport (and process heat)
Energy vector for wind & solar into transport and heat
High energy density, no limitation of range (range-extender for e-mobility)
“area efficient“: avoid competition on agricultural areas

CO2 recovery from air
Necessary future option for diffuse, mobile CO2 emissions (>50% of total)
Produce substitute natural gas from RE power, water and air
create a “carbon sink energy system“ with CCS / “negative emissions“ – win²

Less import dependence
Higher security of supply
Every country produces it‘s own “real natural“ gas substitute
“gas“ from the desert – pipeline between Algeria and Spain already
existing – “green natural gas“ from Arizona / Nevada possible;

bring the wind from Mid-West to the load
Tapping RE potentials in remote regions and make them available
as renewable fuels – transportable, storable
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Challenges: upscaling, origin of CO2, cost reduction

Outlook: set up of a 10 MW plant in 2012, combination with many μ-CHP 
in a swarm (virtual power station) with renewable methane
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Renewable Power (to) Methane Outlook & Further information

Thank you!


