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ABSTRACT: The paper presents the initial work performed in a newly built updraft gasifier. Densified woody 
biomass, birch, in form of pellets with a diameter of 8 mm and a length between 5 and 15 mm has been used as a raw 
material for batch autothermal gasification using air as an oxidation agent. The main objectives were to study the 
effect of the treatment conditions on the distribution of the products and the composition of product gas to establish 
the suitability of the gasifier to produce combustible gas with sufficiently high calorific value.  
 The amount of the biomass used in the experiments was varied between 1 and 4 kg and the flow rate of the 
oxidation agent, air, was varied from 1,1 to 2,6 m3/h. Increased airflow rates favored higher temperatures, however, 
excessively high airflow rates resulted in fast consumption of the biomass and it also favored combustion over 
gasification and thus formation of lower amounts of combustible products. High airflow rates caused also higher 
yields of liquid products, due to the shorter residence time of the tar-rich gas in the gasifier and thus unfavorable 
conditions for tar cracking.  
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1 INTRODUCTION 
 

Gasification is a widely applied technology for 
production of mixtures of combustible gases. Slow 
moving-bed gasifiers are usually used in small-scale 
gasification while the large scale gasifiers are usually 
with fluidized-bed or of entrained–flow type.  

Slow-moving (“fixed”) bed, updraft and downdraft 
gasifiers are, in general, with rather simple construction 
and operation that avoid excessive costs (Purnumo et all, 
1990).  

In an updraft gasifier the downward-moving biomass 
is first dried by the upflowing hot product gas. After 
drying, the solid fuel is pyrolysed, giving char, which 
continues to move down to be gasified, and pyrolysis 
vapours which are carried upward by the upflowing hot 
product gas. The tars in the vapours either condense on 
the cool descending solid fuel or are carried out of the 
reactor with the product gas, contributing to its high tar 
content (Bridgwater et all, 1990). The product gas from 
an updraft gasifier thus contains significant amounts of 
tars and low-molecular hydrocarbons, which contribute 
to its high heating value. Usually this gas is directly used 
as a fuel in a closely coupled furnace or boiler.  

The combustible gas mixtures obtained by 
gasification in slow-moving updraft gasifiers require 
substantial cleanup if they will be used as synthesis gas 
for various chemical processes.  

The low temperature tars obtained in significant 
amounts in updraft gasifiers are more reactive and thus 
much easier to be removed from the tar rich product 
gases by thermal or catalytic cracking, than the more 
stable smaller amounts of high-temperature tars produced 
in downdraft or fluidized bed gasifiers (Buekens et all, 
1990). 

The principal advantages of the updraft gasifiers are 
their simple construction and high thermal efficiency; the 
heat of the product gas is recovered by direct heat 
exchange with the entering feed, which thus is dried, 
preheated and pyrolysed before entering the gasification 
zone. Updraft gasifiers are suitable for sizes between 2 
and 20 MWe. 

A large effort is put into the development of small 
scale combined heat and power plants based on updraft 

biomass gasification combined with an internal 
combustion engine. Significant part of the work has been 
related to the cleaning of the product gas intended for use 
in gas engines and reliable solutions based on gas 
cooling, wet electrostatic precipitation and novel 
technologies for cleaning have been demonstrated 
(Teislev, 2004).  

Recently it has been shown that product gas from an 
updraft gasifier containing tar and particles could also be 
used directly in a Stirling engine without further cleaning 
(Jensen et al., 2002). 

This report presents the work performed in a recently 
built fixed-bed up-draft gasifier. Wood pellets with a 
diameter of 8 mm. and a length of 1-3 mm, have been 
used as a raw material. Air was applied as an oxidation 
agent. The effect of the treatment conditions on the 
temperature profile in the reactor and the distribution of 
gaseous products were of primary interest. 
 
2 EXPERIMENTAL 
 
2.1 Updraft gasifier at KTH 
 

The body of the updraft gasifier used in the study is 
with 0.136 m internal diameter, 4 mm thickness and 0.58 
m height (figure 1).  

The gasifier is externally insulated with a 4 cm. thick 
refractory material (glass wool). The grate, which 
supports the biomass an also serves as an air distributor is 
3 mm thick with grooves of 4 mm diameter.  

The temperature profile is followed by a set of three 
thermocouples situated at different heights in the gasifier; 
temperature T1 is measured at 30 mm, T2 at 305 mm, and 
T3 at 510 mm distances measured from the grate of the 
gasifier. The expected capacity of the gasifier is 10-15 
kWth. 

The first step in the gasification experiments was 
ignition of the fuel bed. Initially 0.3 Kg of charcoal was 
burned over the air distributor, to rise the temperature to 
about 500 °C. Then the selected for the experiment total 
amount of the biomass was fed into the reactor through a 
feeder.  

Different air factors, defined as ratio of actual air 



flow rate to the stoichiometric airflow rate (Di 
Blasi,1999), could be achieved adjusting the airflow rate.  

 Figure 1: Up-draft gasifier: (1) feeder, (2) gasifier, (3) 
thermocouples, (4) observation window, (5) distributor, 
(6) air inlet, (7) conic bottom (8), ash valve, (9) gas 
scrubbing with acetone, (10) tar and fine char particles 
collector, (11) cyclonic condenser, (12) rotameter, (13) 
packed-bed filter. 

  
Cyclone condenser, wet scrubbing, acetone 

containing flasks and absorption column constitute the 
cleaning and cooling system. The cyclone condenser 
captures part of the existing tar and the solid particles, 
which follow with the gas. The liquid phase is discharged 
from the bottom of this cyclone and collected for being 
measured. Wet scrubbing takes place in a glass column 
cooled by water. In this step, most of the tar is separated 
from the gas. Three flasks containing acetone are used to 
clean the rest of tars and to cool the gases to ambient 
temperature before sampling. The last cleaning unit is a 
cylindrical glass pipe filled up with cotton wool and 
phosphorus pentoxide, which acts as a desiccant, drying 
the product gas. The cleaned gas is analysed in a 
chromatograph for CO2, H2, CO, N2, CH4, saturated 
hydrocarbons (C1-C5) and aromatic hydrocarbons 
(benzene and toluene). 
 
2.2 Raw material. 

The biomass used in the experiments is wood 
pellets. The utilization of biomass in form of pellets and 
briquettes has recently gained significant interest 
(Obernberger and Thek, 2004). Pelletisation is a way of 
improving the fuel handling, transportation, conversion, 
and storage. Pelletisation causes a disorder in the 
anisotropic structure of biomass thus the fuel pellets are 
much more uniform compared to the initial biomass. 
Requirements for standardization in production of pellets 
have been introduced in several countries in Europe. The 
most strict standard requirements are applied in Austria 
(Fiedler, 2004). 

Utilization of densified biomass in form of pellets 
has contributed significantly to the recent progress in 
wood combustion. Using wood pellets in improved 
combustion installations and better control of the 

temperature and the excess air ratio have resulted in 
combustion units with high efficiency and low emissions 
(Nussbaumer, 2003, Fiedler, 2004). 

Pelletisation of voluminous non-uniform 
agricultural and forest residues increases the energy 
density of these materials and improves their fuel 
properties. Wood wastes from sawmills or bagasse from 
sugar industries are usually combusted to satisfy the local 
heat and energy demands. They may, however, be 
utilised in more efficient conversion systems (Kayal, et 
al., 1994, Kurkela, et al., 1989). The largely available 
wastes from the seasonal sugar cane industry may be 
densified into pellets to facilitate the storage and the all-
year utilization for electricity production via gasification. 
Biomass pellets have, however, scarcely been studied for 
gasification (Erlich, 2004). 

Wood pellets are already commercialized and the 
utilization in heat power plants as well as for residential 
heating has increased significantly during the recent 
years. Wood pellet production in Sweden was 10000 tons 
in 1990 and about 1 million tons in the year 2000. 
 
 
3 PROCEDURE AND RESULTS 
 

Experiments using 3 and 4 Kg wood pellets were 
performed. The flow rate of the oxidation agent (air) was 
varied as it follows: 1.1, 2.0 and 2.6 m3/h. The 
experiments were performed using single feeding of the 
biomass in the reactor (batch experiments), thus the 
duration of the gasification was limited.  
 The main gaseous products were CO2 and CO due to 
both combustion and gasification. Smaller amounts of H2 
and CH4  were also produced.   

The initial effect of increased air flow rates was 
higher temperatures due to increase of the released heat 
in the combustion of biomass and thus improved 
conditions for the gasification. However, at higher air 
flow rates in the batch experiments performed in this 
study, the amount of the biomass available in the gasifier, 
was quickly consumed and the temperature decreased 
below this required for the gasification. Thus the duration 
of the gasification was rather short. The amount of the 
biomass used for the experiments had effect on the 
results too. This can clearly be seen in the figures 1-2. 

Figures 2-5 compare the temperature in the fuel bed 
T1 and the concentrations of the gaseous products 
obtained using 3 and 4 kg biomass and 2 and 1.1 m3/h 
flow rates of the air. 

The use of higher air flow rate, 2 m3/h resulted in 
development of higher temperatures in the gasifier, 
approximately 1000oC, and higher concentrations of the 
gasification products: carbon monoxide (18-20 mol %) 
hydrogen (6-8 mol %) and methane (4-5 mol %) in 
(Figures 2 and 3).  

The consumption of biomass at the higher flow rates 
of the air is, however, fast and the favourable conditions 
for the gasification were only during a short interval of 
time. The curves showing the concentration of the 
gaseous products CO, H2 and CH4 show maximums at 
approximately 20 min from the beginning of the 
experiments. At further treatment the amount of biomass 
is not sufficient to maintain higher temperature in the bed 
at suitable for gasification air: fuel ratio and thus high 
concentrations of the gaseous combustible products. This 



is particularly valid for the experiment with smaller 
amount of biomass, 3 kg (Figure 3). The results after 20 
min are not relevant for evaluation of the gasifier.  

Lower air flow rate, 1,1 m3/h, developed lower 
temperatures in the gasifier, approximately 800 oC and 
lower maximum concentration of the gasification 
products: CO (12-15 mol %), H2 (3-4 mol %) and CH4 
(2-3 mol %) (see the maximums in the curves in Figures 
4 and 5). 

As expected, the experiments performed with lower 
air flow rate, 1,1 m3/h  (Figure 4 and 5) do not the show 
the fast consumption of biomass observed at the higher 
air flow rate (Figure 2 and 3) and though the 
concentrations of the gaseous products were lower the 
time for maximum concentrations of the gases products 
is longer, particularly in experiments with bigger amount 
of biomass (Figure 4)  

Amount of biomass less than 3 kg was not sufficient 
for auto thermal gasification in the reactor used in this 
study. Smaller amounts of feed (1 to 2 kg) and lower 
airflow rates resulted in lower temperatures in the reactor 
and low heating values of the gaseous products. The 
conditions for gasification and the calorific value of the 
gaseous product were improved, using larger amounts of 
biomass and higher airflow rates. The heating value of 
the gaseous product obtained from 3 kg pellets using low 
airflow rates (1,1 to 1,5 m3/h) was approximately 2,5 MJ/ 
m3. The heating value increased to 3-3,5 MJ/ m3 using 
bigger amount of feed (4 kg. biomass and the same 
airflow rates). In the selected experimental conditions 
highest heating values of the gaseous products (4-4,6 
MJ/m3) were obtained using 3 to 4 kg biomass feed and 
2-2,6 m3/h airflow rates. The results from these initial 
tests may be used for improvement the construction of 
the gasifier and the operating conditions. 
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 Figure 2: Concentration of gaseous products and 
temperature profile; 4 kg wood pellets. Air flow rate: 2 
m3/h. 
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 Figure 3: Concentration of gaseous products and 
temperature; 3 kg wood pellets. Air flow rate: 2 m3/h. 
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 Figure 4: Concentration of gaseous products and 
temperature; 4 kg wood pellets. Air flow rate: 1.1 m3/h. 
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Figure 5: Concentration of gaseous products and 
temperature; 3 kg wood pellets. Air flow rate: 1.1 m3/h. 
 



Liquid product 
 
Figure 6 shows the dependence of the volume of the 

liquid products on the rate of the air flow. The higher the 
rate the larger the amount of liquid products is. The large 
amount of tar obtained at high rate of air flow may be 
attributed to the short residence time of the tar in the 
reactor hampering the cracking reactions. 
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Figure 6: Liquid product (tar + water) obtained from 3 
kg wood pellets 
 
4 CONCLUSIONS 
 
 In the selected experimental conditions the flow rate 
of the oxidation agent, the air, had strong effect both on 
the temperature profile in the gasifier and on the 
distribution of products.  

The higher the flow rate of air the shorter the time 
required to rich high temperatures and maximum 
concentrations of the gaseous products. High rates of gas 
flow favor formation of high concentrations of gaseous 
products and large amounts of tar. Carbon dioxide and 
carbon monoxide dominate among the gaseous products. 
The concentrations of hydrogen, methane and 
particularly C2-hydrocarbons are much lower. The short 
residence time of the volatiles in the gasifier and the 
insufficient thermal cracking of the tar at high flow rate 
of the air contribute to increased tar yield. 
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