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ABSTRACT: Tar formation is one of the major problems to deal with during biomass gasification. To overcome
with this problem a nickel-enriched catalytic bed material has been developed and was tested in a 100kWth dual
fluidized bed biomass steam gasifier. Different mixtures of olivine and catalyst (Ni-olivine) were used at different
gasification temperatures (from 750 °C to 900 °C) and steam-to-fuel ratios (from 0.3 to 0.9). Gas composition and tar
contents were analyzed using standardized methods. Water conversion rates, gas yields, and lower heating values
were determined from mass and energy balances. The catalyst showed high activity in steam reforming of methane
and tars and showed no noticeable deactivation during all experiments. The use of such an in-bed catalyst could be
sufficient to produce a clean product gas and eliminating the need of downstream tar removal techniques.
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INTRODUCTION

Biomass as energy source is politically required by
climatic conventions and in the European Union White
Paper. Electricity generation is possible in new
applications like biomass gasification. This technology
has a big potential due to its great flexibility and the high
electrical as well as the overall efficiencies. Gas
conditioning has been identified as one of the remaining
problems with biomass-gasification processes. The so
called hot-gas conditioning is the most promising
solution for this issue. The best results in tar removing
can be achieved with catalytic steam reforming. The tar
components are reformed with steam to produce
hydrogen and carbon oxides. Nickel-based catalysts have
proven to be very effective for hot conditioning of
biomass gasification product gases above 750 °C[1].
The reported methods can be categorized in primary
methods (in the gasifier) and secondary methods (outside
the gasifier). The secondary methods are widely being
studied and are well understood. The primary methods
offer the advantage of simpler and more economical
application but there is still a lack of knowledge.
Attrition and deactivation of the catalyst have been
reported by several research groups [2]. The catalyst can
be regenerated by burning off the carbon layer. This can
be achieved using a dual fluidized bed design in which
the bed material circulates from the gasification zone to a
combustion zone where the regeneration takes place [3].

Figure 1: Simplified flow sheet of the pilot plant

Therefore, no deactivation can be expected in the case of
a dual fluidized bed gasifier. Some results of
investigations at a 100kWth pilot plant using a catalytic
active bed material are presented in this paper.
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PILOT PLANT AND CATALYST

The basic idea of the dual fluidized bed steam gasifier is
to divide the fluidized bed into two zones, a gasification
zone fluidized with steam and a combustion zone
fluidized with air. A circulation loop of the bed material
is created between these two zones, but the gases remain
separated. The bed material acts as heat carrier from the
combustion zone to the gasification zone.
Wood pellets with a feed rate of 25 kg/hwet were used as
fuel for all experiments. The water content of the wood
pellets was 7.3 wt% and the composition is reported in
Table 1. A small amount of light fuel oil as additional fuel
was used to control the temperature of the gasification
zone. The exothermic reactions in the combustion zone
provide the energy needed for the endothermic
gasification with steam.
Figure 1 shows a simplified flow sheet of the 100 kWth
pilot plant used for the experiments. The biomass is
inserted by a screw directly into the fluidized bed of the
gasification zone: To keep the biomass in close contact
with the bed material is important, especially in case of
catalytically active bed material. During the gasification
process, the siphon and the gasification zone are
fluidized

with steam. The product gas leaves the gasification zone
and is cooled to temperatures of about 200 °C with a heat
exchanger which is operated with thermo oil. After
cooling, the soot and fine abraded bed material are
separated from the product gas and the tars are washed
out with a scrubber. The clean product gas is mixed with
the flue gas and combustion air and burned in a cyclone,
which, in this case, is a separator for particles as well as a
combustion chamber.
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feeding position. Further parameters that were varied
include the steam-to-fuel ratio and the mixing ratio of
natural olivine and catalyst. The ranges of variation of
the parameters are given in Table 3 whereas as reference
conditions, a gasification temperature of 850 °C and a
steam-to-fuel ratio of 0.6 were defined. These parameters
result from previous experiments. The steam-to-fuel ratio
is defined according to the following equation:

sfr =

m& w _ fuel _ in + m& w _ fluid _ in
m& fuel _ dry _ in

parameter
temp. [°C]

values
750

steam/fuel

800

850

0.3

0.6
0a

cat/olivine
Table 1: Composition of the biomass

a

The catalyst was developed and produced at the
University of Strasbourg (ECPM, Strasbourg, France).
The development and production are described in several
publications and patents [5], [6], [7]. The catalyst is a
modified olivine enriched with nickel using nickel
nitrate. The catalyst contains 3.7 wt% of metallic nickel
on the olivine after calcination at 1100 °C. The chemical
composition of the natural olivine as well as the Niolivine is listed in Table 2. This olivine has a density of
3250-3300 kg/m³, a grain size of 400-600 µm, and a
porosity of 13-14 %.
component
MgO
SiO2
Fe2O3
Al2O3, Cr2O3,
Mg3O4
CaO
NiO

olivine
[wt%]
48.0-50.0
39.0-42.0
8.0-10.5

catalyst
[wt%]
45.7-47.7
37.2-40.0
7.6-10.0

0.8

0.8

<0.4
<0.1

<0.4
4.7

Table 2: Chemical composition of the used
olivine [Magnolithe, 1999] and the catalyst
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EXPERIMENTAL RESULTS

The experiments were carried out at different gasification
temperatures. The gasification temperature is measured
as the temperature in the fluidized bed at the biomass

a

a

900
0.9
5

10

20

43

reference value

Table 3: Ranges of parameters

Ni-based catalysts are reported to be very effective in
reducing the tars above temperatures of 750 °C. This
leads consequential to an increase of the hydrogen and
CO fraction whereas the CO2 and methane fractions are
decreasing [8], [9]. Figure 2 shows the influence of the
amount of catalyst on the tar content in the dry product
gas. The tar content could be reduced more than 75 %
using 43 wt% catalyst of the bed material compared to
natural olivine alone.

2.5

tar content [g/Nm³ dry gas]

The dust and tar contents are measured after the heat
exchanger and the measurement is carried out in
accordance to the tar protocol “gravimetric tars” [4]. A
small amount of product gas is sampled isokinetically for
a certain period of time. Dust and heavy tars (boiling
temperature > 200 °C) are deposited in a filter cartridge
filled with glass wool. Low-boiling tars (boiling
temperature < 200 °C) are washed out with toluene using
washing flasks at a temperature of -20 °C. Along with the
tar content, the particle and moisture contents are also
measured.
The gas composition of the product gas is analyzed with
an offline gas-phase chromatograph as well as with an
online gas-phase chromatograph both coupled with a tcddetector to get reliable figures.
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Figure 2: Tar content as a function of amount of catalyst
(gasification temperature=850°C, steam-to-fuel ratio=0.6)

The dependency of the gas composition on the steam-tofuel ratio is displayed in Figure 3. It can be clearly seen
that the hydrogen content is increasing with the steam-tofuel ratio. This coherence is shown for 850 °C with
20 wt% catalyst in the bed material at a steam-to-fuel
ratio of 0.6. Similar results were found independent on
the amount of catalyst in the bed material. It can be
stated that the catalyst forces the same tendencies than
those occurred with natural olivine as bed material in
former experiments but the trends are now intensified
[10].
The mass and energy balances are calculated by an
equation-oriented simulation software. One important
figure for comparing steam gasification processes is the
water conversion which is calculated according to the
following equation:

m& fuel _ dry _ in

[%]

The water conversion increases by the use of a catalytic
active bed material and with increased steam-to-fuel
ratios. The water conversion lies for all experiments in
the range of 5 to 10% which means that the main part of
the inserted steam leaves the reactor unreacted. A
procedural optimum has to be found between the heat
loss due to unreacted steam and the wanted gas quality.
Parallel with the enlarged water conversion an increasing
steam-to-fuel ratio leads to increased gas yields because
of the steam reforming reactions. The chemical
efficiency, which is defined as the lower heating value of
the product gas divided by the lower heating values of
the biomass and the additional fuel, stays nearly constant.
This value is independent on the amount of catalyst in
the bed material almost 70 % which is comparable to the
results found at the demonstration plant in Güssing [3].

with the lower steam-to-fuel ratio corresponds to the
results reported above. Similar results were obtained
during a second long-term experiment which lasted for
45 hours using 20 wt% of catalyst in the bed material at
the same gasification temperature and steam-to-fuel
ratios.
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Figure 4: Product gas composition over time
(gasification temperature=850°C, steam-to-fuel
ratio=0.3 and 0.6, 5wt% catalyst)
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Figure 3: Dry gas composition as a function
of
steam-to-fuel
ratio
(gasification
temperature=850°C, 20wt% catalyst)

Lifetime of the catalyst is definitely very important for
the technical feasibility of catalytic hot gas cleaning.
Deactivation due to coking of the catalyst is one of the
main causes of deactivation [11]. By the use of the dual
fluidized bed design these coke deposits can be burned
off in the combustion zone and attrition of the bed
material gets more importance. A comparison of the
attrition rates of natural olivine and that of the catalyst
mixtures showed no measurable difference. The attrition
rates were for all experiments in the range of
0.015 kg/kgdry fuel. Because of the dependency of the
attrition on the gas and particle velocities in the fluidized
bed the main part of attrition takes place in the
combustion zone which represents a fast fluidizing
regime.
During 2 long-term experiments (30 resp. 45 h) no loss of
activity could be detected. Figure 4 shows the dry gas
composition and Figure 5 the corresponding tar content
over the experimental time of 30 hours. This test was
carried out with 5 wt% of Ni-olivine in the bed material
at a gasification temperature of 850 °C and a steam-tofuel ratio of 0.3 at the beginning and 0.6 at the end of this
test. The gap in the graphs after about 19 hours of
gasification arose because it needs about 1 h to get again
constant process conditions inside the gasifier after
changing process parameters. The higher tar contents
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Figure 5: Tar content as a function of time
(gasification
temperature=850°C,
steam-to-fuel
ratio=0.3 and 0.6, 5wt% catalyst)
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CONCLUSION

An optimized gasification process combined with a
primary catalytic hot gas conditioning can produce a
considerably clean gas, thus eliminating the need of
downstream gas cleaning. The described investigations at
the pilot plant exhibits that the used catalyst gives the
ability to reduce the tars and to increase the hydrogen
content in the product gas. Good performances were
observed with different olivine-catalyst mixtures.
Due to the fact that the catalyst exhibits the same fluid
dynamic behavior as the natural olivine, the catalyst can
be used in different mixtures in the dual fluidized bed
steam gasifier without any separation effect during
operation. Furthermore the catalyst showed in all
investigated mixtures the same attrition rate as natural
olivine alone which was 0.015 kg/kgdry fuel. Attrition
represents the main part of deactivation. During the longterm experiments no loss of reactivity for tar and
methane reforming could be observed. To prove the
quality of the catalyst for a commercial application the
tested time on stream has to be prolonged.
Generally, the catalyst showed high activity in the steam
and dry reforming of methane and tars. The tar content in

the product gas could be lowered to a level required to
use the gas in a gas engine. At the same time the
hydrogen content could be increased by 8 percentage
points to 45 vol% whereas the methane content was
decreased by about 3 percentage points to 7 vol%.
Using Ni-olivine as bed material is - compared to
commercial steam reforming catalysts - an inexpensive
method to enhance the efficiency of the dual fluidized
bed steam gasification process. Primary measures are of
potential importance for the gasification chain but further
development has to be done to find an efficient primary
technique for removing the tars respectively adjusting the
product gas composition.
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Nomenclature
Cw=water conversion [1]
mw_fluid_in=mass flow of water for the fluidisation [kg/h]
mfuel_dry_in=mass flow of dry biomass [kg/h]
mw_fuel_in=mass flow of water in the gasifier with the
biomass [kg/h]
mw_in=total mass flow of water in the gasifier [kg/h]
mw_out=total mass flow of water in the product gas [kg/h]
sfr=steam fuel ratio [1]
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