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Project objective
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The objective of MATESA is to make a "proof of concept" of a new adsorption technique
termed Electric Swing Adsorption (ESA) for post-combustion CO2 capture process. The goal is
to reduce energy consumption of the capture process to less than consumption of advanced
amine adsorption technology. Other specifications of the process are that CO2 purity should
be higher than 95% and capture rate > 90%. Moreover, the overall performance will be
optimized by Life Cycle Assessment to ensure reduced environmental impact of CCS.
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TRL 2  TRL 3

Technology Readiness level (TRL)  



Technology for a better society

0

0.5

1

1.5

2

2.5

0 20 40 60 80 100

Am
ou

nt
 A

ds
or

be
d 

[m
ol

/k
g]

CO2 partial pressure [kPa]

Feed

Discharge
ConditioningCooling

Tlow

Thigh

Operation principles of TSA
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Adsorbent will remove CO2 from flue gas at a lower temperature 
and then heated to desorb it. Other conditioning steps should be 

made followed by a cooling to restore the unit to a new cycle
TSA: cyclic process 
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 Using electricity for heating the time of thermal cycles of 
traditional TSA cycles will be shorter, reducing costs. 

 Honeycomb monoliths offer low pressure drop. 
 Cyclic processes need multiple columns
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Why ESA as CO2 capture technique?
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Results before MATESA
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A fictitious material was used. Process also needs refining.
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 Develop high CO2 capacity AND conductive honeycomb monoliths
 Design a tailored ESA cycle for post-combustion CO2 capture
 Integrate the ESA with the power plant as much as possible to 

reduce the overall environmental impact. 
 Optimize the life cycle of the process
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The current challenges

Material issues

New hybrid honeycomb 
monolith adsorbents

Industry-oriented 
fundamental 

understanding : 
mathematical models

Process design taken into 
account industrial 

environment of future CO2
capture plants : use of 
steam-based heating

Process issues Integration issues

LIFE CYCLE ANALYSIS
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 The consortium is formed by: 5 universities (2 from Australia), 2 
R&D institutes, 3 SMEs and 2 large industries.  
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MATESA partners
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MATESA: Advanced materials and Electric Swing Adsorption process 
for CO2 capture. 

 Project ID: 608534. 7th Framework Programme, ENERGY
 Sub-programme area: ENERGY.2013.5.1.2
 Starting date: 01/09/2013. 
 Duration: 36 months

 Total project budget: € 5 709 173
 EU Contribution: € 2 965 707

8

Project data
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Project partners
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All partners have specific activities within the project

LIFE CYCLE ANALYSIS

Material issues Process issues Integration issues

Development of 
honeycomb monoliths

Scale-up of MOF

Material properties 
characterisation

Modelling of process
Energy assessment 

and ESA integration

Evaluation of the process
by life cycle assessment

ESA process testing
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Start of MATESA
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We need to develop honeycombs with carbonaceous matrix (to 
conduct electricity) and zeolites and MOFs for high CO2 capacity. 
We need a kg-scale of MOFs 
Improved carbons will also help 
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Materials challenges
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We need to develop honeycombs with carbonaceous matrix (to 
conduct electricity) and zeolites and MOFs for high CO2 capacity. 
Need to develop extrusion recipes. Recipes for extrusion of 

zeolites and MOFs are very different… 
Different samples were prepare: ZSM-5, 13X, CPO-27(Ni)
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Materials challenges
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 Only solving the material problem will not help us to concentrate 
CO2 from 4 to >95% (much inerts in the gas phase). 
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ESA process challenges

What is necessary is to remove 
inert gases from the column 
(helped by ESA in step 3) and 

avoid CO2 losses (step 2).
Step 4 is the main CO2

desorption step and column is 
pre-purified so in principle it 

can be done with heat and not 
electricity… 

But several cycles are possible!
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 In most of the materials used, water should be previously removed
Using a preliminary step to remove water was considered. 

Water adsorption produces a lot of heat and refrigeration is needed
 Acceleration of bed cooling is required!
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ESA process results

CO2 puriy: 95.66%
Recovery: 93.39 %
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 The CO2 capture plant is not an island in the power plant. 
Integration can help in minimize total energy consumed and cost. 
Water should be removed initially (product in dry places).
Mixed pool of electricity and heat can be used.
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ESA integration



Technology for a better society

 The main reason behind CO2 capture is to mitigate climate change. 
So the LCA should be used to minimize emissions in all the value 

chain, including material development.
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The final accountability: LCA

We have changed the synthesis of CPO-27 (Ni) MOF and reduce 
significantly the environmental impact of its synthesis. 
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We have seen that the development of hybrid conductive-high CO2
capacity sorbents is possible.

 Significant advances in co-extrusion of materials has been made.
But co-extruding high content of zeolites and MOFs is not easy.

 The content of solids affect the electrical properties of the
materials. A proper tailor is necessary to minimize power
consumption and achieve high CO2 purity and recovery.

 The CO2 capture plant is not an island in the power plant.
Integration is important to reduce total energy consumed and cost.
ESA is an elegant way of displacing inert gases from the column.
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Some remarks
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