
  

 

Introduction 
 

Within the framework of the HighBio2 project 

Dahiru Rufai Ahmed at Oulu University has made 

research on the removal of carbon dioxide (CO2) 

from wood gas. The present info is based on this 

work. 

 

Background 
 

Raw wood gas (syngas) from gasification 

processes contain mainly carbon monoxide (CO) 

and hydrogen (H2). Carbon dioxide is one of the 

major by-products. The removal of CO2  from the 

gas mixture is thus desirable in order to reduce 

CO2 emissions or to meet downstream process 

requirements with regards to size and cost.  

 

The removal of CO2 from a gas mixture represents 

a great challenge to power plants and other 

members of the CO2 emitting industries. Recently, 

the possibility to use the captured CO2 as a raw 

material for the production of useful chemicals in 

different industries has been investigated.  

 

There are four basic options for the capture of CO2 

in industries. These options are CO2 capture from 

an industrial process stream, pre-combustion 

capture, post-combustion capture, and oxy-fuel 

capture. Generally, CO2 is stored only if there are 

clear incentives or provisions for its storage.  

 

Separation techniques 
 

CO2 can be captured from an industrial process 

stream with multiple techniques. These techniques 

are outlined in the following sections.  

 

In pre-combustion capture, the wood fuel reacts 

with the air or steam to yield syngas via partial 

oxidation, gasification, or reforming reactions. The 

CO in the syngas (wood gas) undergoes a further 

reaction with steam in a catalytic reactor to yield 

more hydrogen, in addition to CO2, where H2 is 

combusted in gas engines and the CO2 is 

separated. 

 

 

The post-combustion capture is performed with a 

downstream process where the separation of CO2 

is carried out after the combustion of the product 

gases. In this option, the flue gases are passed 

through equipment capable of separating most of 

the CO2 for storage and venting the remaining flue 

gas into the atmosphere. 

 

Although the post-combustion capture has a higher 

thermal efficiency with respect to the conversion to 

electricity compared to pre-combustion, it has some 

challenges in the separation of CO2. These 

challenges include the design challenges 

presented by the higher temperature of the flue 

gases, the need for a powerful chemical solvent in 

the separation of low concentration CO2, and the 

higher energy penalty in the regeneration of the 

solvent. 

 

Oxy-fuel, on the other hand, is a modified version 

of the post-combustion capture, which yields a flue 

gas comprised mainly of CO2 and H2O via 

combustion with pure oxygen instead of with air. In 

this situation, the CO2 can be purified at low cost, 

and the water vapor (H2O) in the flue gas is 

removed by condensation. 

 

In principal, in any of the options mentioned above, 

there are a number of techniques used in the 

removal of CO2 from the gas stream. Some of the 

techniques mentioned below have already reached 

the development stage, but others require further 

improvements in technical capabilities and cost 

reduction. 

 

The techniques which can be used in the 

separation of CO2 from a wood gas stream can be 

divided into the following categories: absorption, 

adsorption, cryogenic fractionation, membrane 

separation and other techniques. 
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Absorption 
 

Absorption is based on the solubility differences 

of different gas components in a liquid solvent. 

Absorption processes can be further divided 

based on the solvent type into physical and 

chemical. The usage of a physical solvent is 

more advantageous when the concentration of 

CO2 in the feed gas is high. Some of the 

physical solvents that could be used for the gas 

purification of CO2 are the Selexol, Rectisol, 

Purisol, and Flour processes. These are all 

commercially available trade marks. 

 

In a chemical solvent process, amine solution, 

aqua ammonia, and dual-alkali are typically 

used. However, the amine process is the most 

mature technology in wide use by the natural 

gas industry. Furthermore, hybrid absorption 

such as Sulfinol and Amisol processes 

(commercial trade marks)  that combine the 

advantages of the absorption efficiency of a 

chemical solvent and low energy regeneration 

potential of a physical solvent for gas separation 

are often used. 

 

Ionic liquids (ILs) can also be used to absorb 

CO2 from a gas stream. ILs have attracted 

interest due to their multiple beneficial 

properties. ILs are organic salts with an 

extremely low vapor pressure. In addition, they 

are non-flammable and have a low toxicity level. 

 

Adsorption 
 

Adsorption is a gas separation technology 

where certain gas components adsorb 

preferentially on an adsorbent. The technique is 

currently used by, for example, the natural gas 

industry to remove water and other impurities in 

the removal of CO2 and other gases in a post-

combustion process, in the purification of 

methane in coal mining and in biogas cleaning. 

 

Adsorption can either be physical or chemical in 

nature. The process phenomenon is based on 

the creation of a suitable surface area on a 

material to which the gas components can bind 

at a low temperature. Examples of adsorbents 

are molecular sieves, activated carbon, metal-

organic frameworks (MOFs), and lithium 

compounds. 

 

Cryogenic fractionation 
 

CO2 can also be removed from a gas stream by 

cooling and condensation where the 

concentration of the CO2 in the stream is high. This 

process is known as cryogenic fractionation. In post-

combustion capture the gas stream is cooled to a 

very low temperature for CO2 to be captured in a 

liquid form and subsequently separated. However, 

the challenges for this technology are the high-

energy consumption, high costs and the formation of 

frosted CO2 . 

 

Membrane separation 
 

In membrane separation, the separation is based on 

the relative permeation rates of each gas 

component. The component with the fastest 

permeation rate concentrates on the permeate side. 

Due to the simplicity of a membrane process, higher 

energy efficiency, and environmental compatibility, 

membrane separation is considered to be one of the 

future techniques in CO2 separation.  

 

Gas separation by membranes offers high selectivity 

by differentiating gases according to their sizes, 

shape, and chemical properties. In general, for a 

membrane to be competitive in CO2 separation it 

should have high CO2 permeability and selectivity, it 

should be thermally and chemically robust, resistant 

to plasticization and aging, and it should be cost 

effective as well as be able to be manufactured 

cheaply into different membrane modules. 

 

Membranes for gas separation are broadly classified 

into polymeric and inorganic membranes. Inorganic 

membranes can be made from alumina, carbon, 

glass silicon carbide, titania, zeolite, or zirconia. 

 

Other techniques 

 

Other CO2 separation techniques are hydrated-

based separation, in which the gas stream is 

exposed to water under high pressure to form a 

hydrate. Chemical-looping combustion in turn 

integrates two reactors (air and fuel reactors) and 

oxygen is circulated between the reactors for the 

oxidation process. In addition to these techniques, 

enzymes are also gaining interest as a potential 

technique for CO2 separation. The benefits of 

enzymes include mild process conditions (e.g., 

energy savings, high yields, less harmful side 

reaction) and renewability.  
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