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Climate change mitigation policies and Swiss energy transition strategies lead to a growing 
diffusion of intermittent renewable energy technologies. This calls for significant long-term energy 
storage capacity which can be provided by Power-to-Gas (P2G) technologies. This paper 
investigates the role of electricity supply on economic and environmental performance of P2G 
systems. Electricity supply is the parameter with largest impacts on both levelised cost and 
environmental emissions of P2G systems (e.g. 70% of life cycle costs and 90% of total 
environmental impacts according to previous studies). We therefore propose a systematic 
comparison of techno-economic and environmental impacts of various types of electricity supplies 
under the Swiss context, namely solar PV electricity, wind electricity, hydropower, a wholesale-
based supply and combinations among individual options. The impacts of the system scale, the 
dynamic behaviour of various conversion processes and geographic location are evaluated. In 
addition, the sensitivity of the economic attractiveness of P2G to future investment costs and 
efficiency improvements is assessed. This methodology aims to inform utility companies, policy-
makers and consumers about the best P2G configurations to power the future gas. Our findings 
suggest that the nature of operation (i.e. stochastic renewable generation or full-load operation 
(wholesale and hydropower)) is a critical parameter regarding economic attractiveness of P2G 
since lifecycle system costs need to be amortised. Due to the constrained availability of renewable 



resources and significant investment costs of RE generators and P2G installation, economic 
profitability is not achievable for a system directly connected to a PV or a wind power plant 
regardless of the system scale in Switzerland. Lifecycle costs are only recovered if the systems are 
connected to the grid in addition to the RE generator for Power-to-Hydrogen and Power-to-
Methane (with CO2 from a biogas plant) systems in the MW scale. The situation differs in Germany 
where a direct connection to a wind power system leads to a positive economic case. The pace of 
improvement of capital costs of RE technologies in a prospected mature P2G market is promising 
to reach economic viability for Power-to-Hydrogen directly connected to stand-alone RE systems 
but still not feasible for Power-to-Methane due to its significant capital costs and lower efficiency 
compared to Power-to-Hydrogen. 
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