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Scope of project

Power-to-gas is a process for storing the energy from renewable electricity from summer to winter 
in the form of chemical energy as hydrogen or methane. The required technologies and the main 
infrastructures required for its implementation already exist today. New and improved technologies 
from research laboratories and start-up companies will appear on the market in the next few years. 
The Institute for Energy Technology (IET) has used the funds from the SCCER to build up a group 
of experts in the domain of the practical application of power-to-gas plants. One important activ-
ity	is	the	building	and	operating	of	the	first	power-to-methane	plant	in	Switzerland	as	a	pilot	and	
demonstration plant.

Status	of	project	and	main	scientific	results	of	workgroups	

Pilot and  
demonstration plant 
power-to-methane

The main goals of the plant 
are:
• Measurements of perfor-

mance and development of
ideas for improvement and
good system design.

• For IET to learn on all as-
pects of power-to-gas 
plants and to build up a
team of experts.

• Demonstration and com-
munication of power-to-

gas to the public and to 
experts.

• Since no quantitative re-
sults are available on any
of the existing power-to-
gas plants in Switzerland
and in Germany, the pub-
lication of quantitative re-
sults was also a main goal.

The plant uses sunlight, water 
and air to produce methane. 
An aerial view of the plant is 
shown in Figure 1. It has the 
following characteristics and 
key-values:

• Location: Gaswerkstras-
se 1, Rapperswil-Jona.

• Electric input power (with-
out CO2-extraction from
atmosphere): 31 kW re-
newable electricity kindly
provided by Elektrizitäts-
werke Jona-Rapperswil
(EWJR).

• Photovoltaic panels with a
peak power of 7 kW.

• Source of CO2:
◦ Gas bottles.
◦ Extracted from the atmo-

sphere using a prototype
from Climeworks.

◦ Raw biogas (60 % meth-
ane, 40 % CO2) from a
wastewater treatment
plant.

• Output Methane:
1.00 m3/h *, 92 % meth-
ane, 3 % hydrogen, 4 %
CO2.

• Operating	 time	 to	 fill	 one
methane tank of the car:
20 hours.

• Resources	to	fill	one	tank	of
the methane car:
◦ 100 litres of water.
◦ 40 kg CO2.

◦ 620 kWh electrical en-
ergy.

• Coefficient	 of	 performance
= (Power output using up-
per heating value of the
output gas) / (electric pow-
er input) = 35 %.
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* Normal conditions:
0 °C, 1.01325 bara.
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Figure 1:

Aerial view of Switzerland’s 
first	 power-to-methane	
plant operated in Rapper-
swil by IET-HSR. 

1: PV installation; 

2: CO2 adsorption from the 
atmosphere using technol-
ogy from Climeworks; 

3: Power-to-Gas-container 
provided by Etogas con-
taining an electrolyser and 
methanation reactors; 

4: Fuelling station; 

5: Methane driven car pro-
vided by Audi and Amag. 
Renewable electricity is 
provided by Elektrizitäts-
werke Jona-Rapperswil 
EWJR. Published in [1] and 
[2].
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Figure 2:

Energy	 flow	 chart	 of	 the	
Power-to-Methane plant in 
Rapperswil at steady state 
and full load. Published in 
[1].

• Partner: Erdgas Obersee
AG, Erdgas Regio AG, Forsc-
hungs-, Entwicklungs- und
Förderungsfonds der Sch-
weizerischen Gasindustrie
(FOGA), Elek trizitätswerk
Jona-Rapperswil (EWJR),
Audi AG, Climeworks AG.

A	 field	 report	 was	 published	
on the operation of the plant 
[1] including the chart of en-
ergy	 flows	 presented	 in	 fig-
ure 2. The report also sheds 
light on practical aspects not 
well known in the industry like 
start-up procedure, shut down 
procedure, hot-standby and 
safety aspects.

Analysis of sources 
of CO2

The project «Renewable Meth-
ane for Transport and Mobil-
ity» funded by the Swiss Na-
tional Fund as part of National 
Research Programme «Energy 
Turnaround» (NRP 70) started 
in November 2015. The goal 
of the project is to look at the 
value chain starting from re-
newable electricity – the power 
side – through the power-to-

gas plant to the gas grid and 
further to the application in 
renewable	 mobility	 for	 fleets.	
Sources of CO2 are also includ-
ed in the project. Their analy-
sis including their geographical 
distribution is one important 
result	of	the	first	project	year.

Figure	3	 shows	 the	 flows	 of	
carbon through Switzerland in 
the	form	of	a	flow	diagram.	It	
is structured in four layers, the 
topmost being the atmosphere, 
where carbon is emitted in the 
form of CO2.	The	flows	of	car-
bon are colour coded accord-
ing to the origin of the carbon: 
green for biological origin, 
grey for geological origin and 
yellow for fossil origin. The CO2 
stems from various processes 
in the second layer: from com-
bustion processes for heating, 
from engines in cars, busses 
and airplanes, from industrial 
processes, from waste incin-
eration plants, from cement 
factories, from animals and 
humans as well as from biogas 
plants. These processes get 
carbon from different storages 
in the third layer, which are 
filled	from	different	resources.	

All fossil carbon is imported. 
Geological carbon is extracted 
from the ground in the form of 
limestone and use for cement 
production.

From	 the	 data	 in	 the	 figure,	
the following conclusions were 
taken:
• CO2 from biological origin

can be used for the produc-
tion of renewable methane
in a power-to-gas plant.
It is available in biogas
plants and waste incinera-
tion plants and accounts
for 2.4 % of Switzerland’s
manmade CO2-emissions.

• As long as Switzerland de-
cides to burn the waste
that cannot be recycled,
and as long as Switzerland
wants to continue building
concrete structures, the
CO2 emissions from the 30
waste incineration plants
and 6 cement factories are
unavoidable. They account
for 13 % of Switzerland’s
manmade CO2-emissions.
There is no alternative to
these emissions. There-
fore, it has a positive im-
pact on the environment,
if part of this CO2 is used
in the production of meth-
ane even if the carbon is of
geological or fossil origin.
This could be done in large
power-to-gas plants, which
could be erected directly at
the CO2 sources. The limit-
ing factor is no longer CO2

but the renewable power
used in the electrolyser.

Complementary 
activities

In order to promote power-to-
gas and enable the practical 
application, complementary 
activities have been conduct-
ed. Publications, presentations 
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and conferences are listed in 
the Appendix of this Annual 
Report:
• Since the opening more

than 500 people have visit-
ed the plant. A public event
was organised on 27 June
2015 where the population
of Rapperswil-Jona was in-
vited.

• A steering committee has
been formed giving advice
and input to the activi-
ties at IET. The committee
consists of representatives
from politics (two national
councillors), industry and
science. Two meetings
were held on 13 February
and 20 August 2015.

• Further education pro-
gramme started with work-
shop on 25 June 2016. Due
to the large response, the
education programme is
continued in 2016.

• A group exchanging ex-
perience on power-to-gas
plants is moderated by IET.
Members are: Sanktgaller
Stadtwerke, Schweizeri-
scher Verein des Gas- und
Wasserfaches (SVGW), 
Regio Energie Solothurn,
Postauto Schweiz, PSI
and Umweltarena. Three
meetings were held on 25
March, 10 September and
27 November 2015.

New projects started in 2015:
• Revision of the Guideline

G13 from Schweizerischer
Verein des Gas- und Was-
serfaches (SVGW) concern-
ing the injection of renew-
able gas into the gas grid.

• Utilisation of raw biogas
from a waste incineration
plant for direct methana-
tion.

• Injection of gas produced
from the power-to-meth-
ane plant into the natural
gas grid.

New industrial co-operations in 
2015:
• Climeworks AG, Zürich,

www.climeworks.com
• Audi, Ingolstadt, Germany,

www.audi.ch
• Amag, Zürich,

www.amag.ch
• Swissgas, Zürich,

www.swissgas.ch
• VGOZT (Verband der Gas-

wirtschaft der Ostschweiz,
der Zentralschweiz und des
Tessins, Zürich.

The existing academic co-op-
erations have been continued.
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Figure 3:

Flows of carbon through 
Switzerland in the year of 
2013.	 The	 figures	 indicate	
Million Tons of Carbon. The 
chart was published in [2].
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