
A KEY BUILDING BLOCK 
FOR THE CLIMATE PROTECTION

CO2 reducti on by cooperati on of process industrial sectors

Internal setup of the lab-scale DN40 (left ) and pilot-scale DN300 adsorber 
(right).

Contourdiagram of the energy demand in Wh depending on desorpti on 
temperature and purge gas fl ow. 

LAB-SCALE RESEARCH

The lab-scale ESA is used for research on the electrical 
behavior of the adsorber setup. The work aims on a bett er 
understanding of the system and on the identi fi cati on of 
correlati ons between experimental parameters and results 
like desorbate concentrati on, purge gas volume or energy 
demand of the system. For these experiments simple gas 
mixtures like butane in nitrogen are used.

One goal of the lab-scale research and opti mizati on was to 
fi nd a suitable electrode setup and operati on conditi ons for 
the pilot plant. The most promising result was the applicati on 
of radial electrodes which provide a larger area for the current 
fl ow compared to axial electrode setup. This enables a more 
stable and uniform heati ng since the heterogeneity of the 
used acti vated carbon is balanced. These setup allows the 
applicati on of adsorbents with higher specifi c resistance.

Another result is that the maximum electrical power used 
for desorpti on heati ng has no signifi cant infl uence on the 
Energy consumpti on during desorpti on. The graph below 
also shows, that surprisingly a higher purge gas fl ow results 
in lower energy demands. 

PILOT PLANT SCALE-UP

The biggest challenge of ESA plants is the electrical design to 
maximize the contact area between adsorbent and electrode 
and avoid shortcuts. In additi on measuring devices like thermo-
couples are needed for process monitoring and control but 
have to be electrically insulated.

In the pilot plant these requirements are met by using a DN300
enamel-coated tube and 1.25 mm stainless steel mesh as 
electrodes. Compared to the lab scale adsorber with its DN40
tube, the pilot plant setup is similar but nearly eight ti mes 
larger. Both tubes are shown in the pictures below. Thermo-
couples and metal parts are insulated with alumina ceramics.

One diff erence is the design of the center electrode, which is 
a 6 mm tube at lab scale. In the pilot plant a mesh cylinder
with 100 mm diameter has been chosen. The higher diameter
reduces the specifi c length of the current fl ow and increases 
the fi eld density in the annular gab between wall and center 
electrode. Nevertheless, the inner volume of the mesh cylinder
is fi lled with adsorbent and is not dead volume. In the coming 
month of the project the pilot plant ESA will be tested with 
real steel mill gases like coke oven gas. A gas fl ow up to 
9 mN

3 h-1 can be processed.

Electric Swing Adsorpti on (ESA) is a promising technology for dynamic and energy effi  cient  separati on of 
molecules with high adsorpti on enthalpy. Another advantage is the independence of purge gas fl ow and 
heat fl ow which is not the case in an e.g. steam heated and desorbed TSA process. Within the project 
Carbon2Chem® the ESA technology is investi gated in lab scale with arti fi cial gas mixtures as well as tested 
in pilot scale for real steel mill gas treatment. One applicati on is the adsorpti on of hydrocarbons and 
aromati cs from coke oven gas.
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