
  

 

Introduction 
 

The theory and background of removal and 

determination of tar compounds in wood gas 

has been described in the HighBio2 project info 

2.4. Also during the previous HighBio project, 

infos nr 29, 30 (available in Finnish and 

Swedish) and 71 (available also in English) 

treated this subject. 

 

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. 
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Determination of tar compounds in producer gas - experiment 

Objective of the experiment 

 
In this study, two small-scale (150 kWh), wood-

fired and air-blown downdraft gasifiers operating 

at rather high gasification temperatures (1050 to 

1200 ºC) were studied 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.  

 

Another aim of this study was to get preliminary 

information of the cleaning steps needed to 

purify the producer gas prior to the catalytic 

production of fuels by the Fischer-Tropsch 

synthesis method. Tar samples were collected; 

then the components were separated, identified, 

and quantified  

 

Experimental setup 
 

Gas sampling was performed in duplicate from 

two different down-draft gasifiers of the same 

construction, operating at rather high 

gasification temperatures of 1050 to 1250 C. 

These gasifiers are denoted as gasifier A and B.  
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Fig. 1. A schematic diagram of the gasifiers and gas-cleaning systems studied. For gasifier A, samples were taken 

from sampling-port 2, whereas for gasifier B, samples were taken from sampling-ports 1 and 2. 
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The producer gas from gasifier A was cleaned 

by passing the gas through the bed of wood 

chips and the samples were taken after the 

cleaning unit. In gasifier B, the gas was cleaned 

by passing it through a water scrubber while 

gas samples were taken from the raw gas and 

after the cleaning unit. A schematic diagram of 

the gasifiers is presented in Figure 1. For 

gasifier A, the samples were only taken from 

sampling-port 2, whereas for gasifier B, samples 

were taken from sampling-ports 1 and 2. 

 

Samples were also taken from the wood-chips 

used for gasification and analysed at the 

Finnish Forest Research Institute (Metla) for 

heat values and elemental analysis of H, C, N, 

and metals. H, C, and N were analysed using 

specific elementary analysers, while metals in 

the samples were analysed by ICP-MS after 

microwave assisted digestion in nitric acid-

hydrogen peroxide. 

 

H, C, and N were measured using standard, 

validated procedures. Gasification conditions 

were also recorded. All sampling procedures for 

tar compounds were performed when the 

gasifiers were operated in steady-state 

conditions. 

 

Tar Sampling and Analysis 
  

A sampling unit was constructed according to 

the Tar Protocol. The samples were analysed 

with gas chromatography-mass spectrometry. 

To estimate the total detectable tar content of 

the sample (quantification), peak areas were 

grouped, and concentrations were calculated as 

naphthalene equivalent according to the sum of 

the peak areas compared to the peak area of 

the internal standard. The concentrations were 

finally calculated as a total mass of tars 

(naphthalene equivalents) per volume of gas.  

 

Conclusions 
  

Tars are very difficult to sample and analyse, 

resulting in many research groups developing 

their own analysis methods, which makes it 

difficult to compare results. To avoid this 

discrepancy, we have adopted the Tar Protocol 

for the sampling and analysis of tars in this 

study. 

 

Toluene and naphthalene were the most 

abundant compounds, totalling more than 70% 

of the total volume of tars, while tar  

concentrations levels were in the range of 200 

to 400 mg/Nm3. 

Toluene and naphthalene were the most abundant 

compounds found, totalling more than 70% of the 

total volume of tars while tar concentration levels 

were in the range of 200 to 400 mg/Nm3. 

 

The tar levels obtained in this study were in line 

with the results of (Xu et al. 2010) (376 mg/Nm3), 

whose samples were obtained from a gasifier of 

about the same size as those used in this study. 

Normally much higher tar levels have been 

reported, but in most of these cases larger 

gasifiers have been used. It is surprising that there 

is no or little change in the tar levels before and 

after the water cleaner for gasifier B, indicating a 

fouled or an overloaded cleaner. As a result of the 

aromatic nature of tars, water is not regarded as 

the best solvent for tar-removal. 

 

In this study, no phenolic tar compounds were 

detected. According to the maturation scheme 

presented in HighBio2 project info nr 2.4, phenolic 

tar compounds are formed in temperatures ranging 

from 500 to 600 °C. The high gasification 

temperatures used in this study might be the 

reason for this observation. 

 

The measured tar levels were still much higher 

than the maximum levels suggested for catalytic 

purposes. In order to use the gas for catalytic 

conversion the tar level has to be strongly reduced 

by either physical removal of the tars or by 

catalytic cracking of the compounds.  

 

Catalytic cracking might be a better option 

because it will result in an increased level of 

hydrogen and carbon monoxide in the synthesis 

gas. This route provides the subject for future 

investigations.  

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

gasification in an air-blown down-draft gasifier. 
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