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Capture and conversion of CO2 to carbon-neutral hydrocarbon fuels using intermittent solar/wind 
energy is a promising way to store that energy for later use when needed and in the existing fuel 
infrastructure. Of the various methods to re-energize CO2 – solar thermochemical, electrochemical, 
photo(electro)chemical energy conversion – the most mature is electrochemical water splitting using 
commercial alkaline electrolyzers followed by catalytic fuel synthesis by reacting the hydrogen product 
with CO2. However, high temperature electrolysis using solid oxide cells (SOCs), a newer technology, 
is much more efficient and can split both CO2 and water together to provide tailored synthesis gas or 
even synthesize hydrocarbons directly if operated at elevated pressure. The two main issues 
preventing economical synthetic fuel production by SOC electrolysis are insufficient device lifetime and 
a high balance-of-system capital cost. 

This presentation identifies ways to address these issues and presents our recent developments on 
one promising method, reversible operation. Reversible operation enables a higher capacity factor of 
the system by using the same cells and system to produce power in fuel-cell mode when there is no 
demand for electrolysis mode operation. We have also found that reversible operation can improve the 
lifetime of the cells  compared with steady-state electrolysis operation. Results are presented from two 
investigations in which we periodically switch the SOC system between modes, controlled directly by 
time-series data of (1) electricity supply/demand and (2) spot market prices of electricity and gas. 

In the first case, we have demonstrated operation of a SOC stack device following the real-world time-
series electricity supply and demand data, considering a 100% renewable energy scenario where wind 
power is the only power supply. When the wind power supply exceeds demand, the SOC stack 
produces syngas via co-electrolysis of CO2 and H2O. Part of the syngas is converted to methanol 
downstream in the system to meet the demand of transportation vehicles, and the rest is stored for 
electrical load balancing by conversion back to electricity in fuel cell mode. In the second case, a 
simulation of an SOC system that uses real-world time-series market prices for electricity and natural 
gas in Denmark to decide when to operate in electrolysis mode (buying electricity and selling methane) 
or fuel-cell mode (buying gas and selling electricity) to maximize profit, shows the advantage of a 
reversible system and the changing operating profile as the fraction of wind power supply grows.


