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Power-to-X Processes: Highly Efficient 
and Climate-Neutral

The speedy reduction of worldwide CO
2
 emissions is one of the most pressing and 

challenging tasks of our time. Alongside the strategy of avoiding CO
2 

emissions altogether, 
there are a number of technologies which transform unavoidable CO

2
 into valuable products. 

But power-to-X processes are currently still inefficient and expensive. Scientists at the 
Fraunhofer Institute for Ceramic Technologies and Systems IKTS in Dresden have developed 
reactors based on ceramics.

As one of the world’s largest economies, Ger-
many ranks sixth worldwide in terms of CO2 
emissions. In the industrial sector alone, 188 
million tons of CO2 are produced each year. 
At the same time, Germany must signifi-
cantly increase the share of renewable ener-
gies in its electricity supply in order to 
achieve its climate targets. However, these 
renewable energies f luctuate over time and 
are not unlimited. It is therefore important 
to use them intelligently and above all 
efficiently.

Various strategies are currently being 
pursued for the use of unavoidable CO2emis-
sions, for example to produce chemical raw 
materials (X). For this process to be as cli-
mate-neutral as possible, the power required 
for it must be obtained from renewable ener-
gies – in this way climate-damaging CO2 is 
used to manufacture climate-neutral prod-
ucts. However, such power-to-X processes 
are still too inefficient because they consist 
of many complex individual processes. Sci-
entists at Fraunhofer IKTS have now suc-
ceeded in developing a pilot plant, consisting 
of ceramic-based reactors, in which CO2 can 
be converted into climate-neutral chemical 
raw materials. In these reactors, the individ-
ual processes are smartly coupled, and mate-
rial and energy f lows intensified. This 
increases the efficiency compared to previ-
ous power-to-X processes.

Unavoidable CO2 emissions occur in 
large quantities for example in the cement 
and lime industries. Fraunhofer IKTS uses a 
wide range of ceramic components and tech-
nologies to harness this CO2. For example, 
ceramic filter cartridges remove dust from 

exhaust fumes. The CO2 can only be filtered 
out by ceramic membranes after such coarse 
cleaning. The CO2 thus obtained is con-
verted into carbon monoxide at over 750 °C 
in a newly developed ceramic high-temper-
ature electrolysis reactor. At the same time – 
and this is remarkable – hydrogen is pro-
duced from steam in the same reactor, hence 
the name co-electrolysis. Put together, car-
bon monoxide and hydrogen form synthesis 
gas.

The reactors used are electrolysis stacks 
(SOEC). They were developed at IKTS and 
have already successfully demonstrated a 
long-term stability of more than 4000 hours. 
Compared to established alkaline or PEM 
electrolysis, high-temperature electrolysis 
requires considerably less electrical energy 
and also enables the direct production of 
synthesis gas. To produce this in a cli-
mate-neutral way, the electrolysis reactor is 
operated with electricity generated from 
renewable sources. In a subsequent Fis-
cher-Tropsch reactor, also developed at 
IKTS, the synthesis gas is then converted into 
chemical raw materials - for example into 
long-chain hydrocarbons.

“We have demonstrated on a laboratory 
scale that the individual processes of a pow-
er-to-X system can be intelligently coupled 
and combined. This is what makes our reac-
tor concept so efficient. In the next step 
towards upscaling, we will build a pow-
er-to-X plant with an output of 10 kW. On the 
basis of previous laboratory results and real-
istic assumptions for the operation of the 
production plant on an economic scale, we 
expect a significant increase in efficiency 

compared to today’s plants,” explains Dr. 
Matthias Jahn, project manager and head of 
department Chemical Engineering at Fraun-
hofer IKTS. Such an increase in efficiency to 
over 55 % can only be achieved through 
closed and thus environmentally friendly 
material and energy cycles. This means that 
by-products, such as short-chain hydrocar-
bons and waste heat, are no longer released 
into the environment, but f low directly back 
into the system. |
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Figure 1 Scientists at Fraunhofer IKTS devel-
oped ceramic technology concepts for highly effi-
cient power-to-X processes. (© Fraunhofer IKTS)


