
Hydrogen production from biomass gasification in a fluidised bed. 
Nickel catalyst for tar removal. 
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Biomass gasification is a well-known process that produces a hydrogen rich gas from source 
of renewable energy. Hydrogen is forecast to become a major source of energy in the future. 
But the raw gas obtained by biomass gasification in fluidised bed contains unwanted 
impurities and has to be particularly cleaned of tars before its use in fuel cells for electricity 
production. 
The dual fluidized bed gasification process developed together by the Institute of Chemical 
Engineering and AE Energietechnik [1], is an innovative process to produce a high-grade 
synthesis gas with low nitrogen content and high calorific value from solid fuels. This process 
is coupled with a molten carbonate fuel cell to produce electricity. 
Natural olivine (iron and magnesium orthosilicate) has been chosen as bed material for this 
gasification process because of its hardness required for the use as circulating fluidised bed 
and its higher catalytic activity than silica in biomass steam gasification [2]. A Ni/olivine 
catalyst has been developed [3] to enhance olivine performances in fluidised bed steam 
biomass gasification by methane and tar reforming leading to hydrogen production. 

Two olivine sources with similar elementary compositions were tested: one olivine coming 
from Austria (sample A) and the other one coming from Norway (sample N). 
The Austrian olivine is immediately catalytically active. This results in a tar-content in the 
raw product gas of 2 g/Nm³dry. The olivine from Norway needs about one week in the process 
to reach the same catalytic activity as the Austrian one. The tar content in the product gas by 
using the Norwegian one goes down from 5.5 g/Nm³dry at the beginning to about 2 g/Nm³dry 
after one week. 
Temperature Programmed Reduction (TPR) and X-ray diffraction (XRD) have revealed the 
presence of iron oxides outside of olivine structure ((Mg,Fe)2SiO4) in the sample A. In the 
sample N, no free iron oxide was observed. So, presence of iron oxides outside of olivine 
structure seems to be an important point in the choice of olivine source. 

Ni/olivine catalyst was synthesised using the olivine A. The preparation method was scaled 
up for large amount (100 kg) of catalyst required in biomass gasifier. Biomass steam 
gasification tests were performed in the 100 kWth dual fluidized bed pilot with various 
Ni/olivine catalyst content (from 0 to 43%) in olivine as circulating fluidised bed. 
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Fig. 1: Tar content as a function 

of Ni/olivine catalyst wt% in bed material. 
(Gasification temp.: 850°C, Steam/fuel: 0.6) 
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Fig. 2: Gas composition difference 

between Ni/olivine (43 wt%) and olivine alone. 
(Steam/fuel: 0.5, duration: 50 h)



The catalyst showed high activity in steam reforming of methane as expected by the results 
from the laboratory scale experiments [4]. On the other hand the tar content of the product gas 
could be reduced up to 75 % compared to the usage of natural olivine alone (Fig.1). The 
hydrogen volume fraction could be increased therefore up to 8 percentage points (Fig.2). An 
increase of the amount of catalyst in the bed material resulted in an increase of the water 
conversion as well as the tar reforming. The gas yield followed the same tendency. 
No significant difference of attrition could be showed between tests with various catalyst 
contents (from 0 to 43% in olivine). So attrition was not due to nickel loss. In fact, during 
experimental times up to 45 hours no deactivation of the catalyst could be observed. 

Previous results have pointed out that tar elimination by steam reforming led to an increase of 
hydrogen content in the product gas. To understand the decrease of tar content in biomass 
gasification with Ni/olivine catalyst model studies of tar removal were performed at 
laboratory scale in a fixed bed reactor. Toluene was chosen as tar model compound and 
Ni/olivine catalyst was tested in steam reforming of toluene in temperature range from 550°C 
to 850°C for steam to toluene ratio of 16. 
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Fig. 3: Toluene conversion for Ni/olivine and olivine 

as a function of temperature (steam/toluene: 16). 

Table 1: Comparison of reactivity for Ni/olivine 
and olivine at 850°C (steam/toluene: 16). 

Olivine Ni/olivine
CO 69 66
CO2 5 31
CH4 2 0
Tar 14 0

Selectivities / %

Benzene 6 0
H2 Yield / % 8 82
Toluene conversion / % 20 97

 
 

The efficiency of the Ni/olivine catalyst was shown clearly by the difference between 
Ni/olivine and olivine alone in toluene conversion (Fig.3) versus reaction temperature. 
Hydrogen yield and products selectivities (Table 1) obtained at 850°C (gasification 
temperature) confirmed nickel influence in the orientation of biomass gasification reaction. In 
fact, with olivine alone benzene, tar (polyaromatics) and methane were formed additionally to 
the gas mixture (CO, CO2 and H2) obtained selectively with Ni/olivine. 
This could be directly related with the difference in carbon formation rate for those both 
systems. In both cases the amount of carbon deposit increased with decreasing temperature of 
reaction. However Ni/olivine showed very low carbon formation rate (3µg / (gcat*h*Cconv)) 
at 98% of toluene conversion at 800°C. At higher temperature (850°C) and lower toluene 
conversion (37%), comparable quantity of carbon was formed on olivine with the same 
steam/toluene ratio. 

Ni/olivine catalyst has proved its efficiency in biomass gasification in a fluidised bed reactor. 
It permits to associate olivine properties as bed material and nickel catalytic performances 
thanks to strong metal support interactions. It ensures in a single step process both biomass 
gasification and reforming of unwanted hydrocarbons (methane and tar) to obtain high grade 
hydrogen rich gas and simplify the gas cleaning for fuel cell application. 
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