
  

 

Introduction 
 

Biomass-based alternatives for energy 

production are being intensively researched and 

developed to replace the use of fossil fuels.  

Biomass is regarded as a renewable material for 

the production of energy (heat and power), but 

also as a significant resource for traffic fuels and 

chemicals produced by catalytic conversion. 

 

Biomass gasification, which can be defined as 

the thermal treatment of biomass under a 

restricted supply of oxygen, is one possibility for 

the conversion of biomass into a useful platform, 

producer gas, and further to convert purified gas 

into fuels and chemicals. Synthesis gas is made 

from producer gas obtained via gasification by 

cleaning the gas to purification levels necessary 

for each specific application. The resulting 

producer gas contains CO, H2, CO2, and N2 as 

its main compounds, in addition to contaminants 

or impurities such as organic compounds, 

halides, sulfuric compounds, and alkali metals 

 

Table 1. Classification  of tars 

 

 

 

 

 

 

 

 

 

 

 

 

Why is tar a problem? 

The existence of tar compounds in producer gas 

is one of the major problems found in biomass 

gasification; these compounds need to be 

removed 
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Determination of tar compounds in producer gas - background 

Tar class Classification Tar compounds 

Class 1 GC undetectable Very heavy, 7 and higher ring compounds 

Class 2 Heterocyclic 

aromatics 

Cyclic hydrocarbons with heteroatoms, highly water soluble, e.g. phenol, 

cresol, and pyridine 

Class 3 Light aromatics Compounds that usually do not cause problems as a result of condensation or 

water solubility, e.g. toluene, styrene, and xylene 

Class 4 Light 

polyaromatics 

2 and 3 ring compounds that condense at intermediate temperatures at  rela-

tively high concentrations, e.g. naphthalene, phenanthrene , and anthracene  

Class 5 Heavy 

polyaromatics 

4-6 ring compounds that condensate at high temperature and low concen-

trations, e.g. fluoranthrene, pyrene, chrysene, perylene, and benzoperylene 

before the producer gas can be used. In order 

to predict the need for producer gas cleaning for 

catalytic conversion into traffic fuels and 

chemicals, the gas has to be accurately 

characterised and defined. 

  

Tars are one group of organic compounds 

present in the producer gas via biomass 

gasification (especially lignocellulosics such as 

wood chips and pellets). During the gasification 

process, tar compounds are formed by thermal 

degradation and conversions of the main 

components of wood, i.e. cellulose, 

hemicellulose, and lignin. The chemical 

composition and concentration of tar 

compounds is dependent on several factors 

such as the structure of the gasifier, gasification 

conditions (temperature, feed rate etc.), and 

biomass quality. Tars are defined as organic 

compounds, mostly aromatic, having a 

molecular weight higher than that of benzene. 

They can be classified according to their 

chemical composition into five different groups 

as presented in Table 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

During the gasification processes tar 

compounds undergo maturation as described 

below: 
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400 °C Mixed oxygenates  

500 °C Phenolic esters  

600 °C  Alkyl phenolics  

700 °C  Heterocyclic esters  

800 °C Polyaromatic hydrocarbons 

 (PAHs)  

900 °C Larger PAHs 

  

Most of the gasification processes are unique 

because of the biomass and gasification 

conditions used. Therefore tar compounds must 

be identified and quantified for each type of 

gasifier individually.  

 

The maximum allowable level of tar in synthesis 

gas depends on the final use of the gas. 

Reported limit levels for some applications for 

various devices are: for example, tar 

concentrations less than 500 mg/Nm3, 50 

mg/Nm3, and 5 mg/Nm3 are recommended for 

compressors, internal combustion systems, and 

direct-fired industrial gas turbines, respectively. 

For catalytic methanol synthesis, the content of 

tar is required to be very low, below 0.1 

mg/Nm3). 

 

The presence of tars in the producer gas and 

later in the purified synthesis gas is harmful. Tar 

compounds can affect the gasification 

equipment and gas purification and catalytic 

conversion units in a number of ways. 

 

Heavier tars are known to polymerise at 

elevated temperatures in the reactors, causing 

the clogging of tubing, the main culprits being 

heavy polyaromatic compounds. These tar 

compounds form condensates at rather high 

temperatures even at low concentrations. 

Moreover, tar can affect the catalyst used by 

lowering the catalytic activity or completely 

blocking the catalyst by the formation of carbon-

containing substances at the surface of the 

catalyst.  

 

Most of the catalysts used in the catalytic 

conversion of synthesis gas are sensitive to 

contamination by impurities present in the gas. 

In order to eliminate this problem, gas quality 

must be characterised, and based on these 

results, proper cleaning steps necessary for 

each individual gasifier must be developed. 

Identification of the components present in the 

gas and the determination of tar concentrations 

are most essential for further use of the gas. 

 

A number of methods are available for the 

determination of tar compounds. Most of these 

include absorption of the tars into liquid or a  

solid phase followed by chemical analysis, 

chromatographic (gas or liquid chromatography) 

and gravimetric methods (heavier tars), and to 

some extent spectrometric methods have also 

been applied. A validation and optimisation of tar 

sampling and analysis methods have been 

performed and published as the Tar Protocol.  

 

Many publications describing the mechanism of tar 

formation and determination of tars in gasification 

processes have been published. Most of these 

studies are, however, performed on large-scale 

gasifiers based on the fluidized-bed type (size 10 

to 300 MW). On the other hand, when it comes to 

small scale, fixed-bed gasifiers (50 to 200 kW), 

there is little data available on the various tar levels 

present in the producer gas. Down-draft gasifiers 

have, in some studies, been reported to produce 

much lower amounts of tars, 200 to 400 mg/m3. 

compared to fluidized-bed and updraft gasifiers. 

For fluidized bed gasifiers, tar levels ranging from 

1 to 65 g/m3 have been reported. 

 

Experiment 
 

In the next Project Info,  number 5 within work 

package 2 (i.e. 2.5) we will report the results from a 

tar determination study made within the HighBio2 

project. Researchers at Kokkola University 

Consortium Chydenius made a study on two small-

scale (150 kWh), wood-fired and air-blown 

downdraft gasifiers operating at rather high 

gasification temperatures (1050 to 1200 ºC) in 

order to obtain more information on the 

composition of tar and concentrations of individual 

components present in the producer gas from this 

type of gasifier.  

 

Source: Romar H, Tynjälä P, Lassi U (2013) . Biomass 

gasification in an air-blown down-draft gasifier. 

Determination of tar compounds from producer gas. 

Bioresources 8(3), 3620-3629 

 


