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Abstract

This present paper deals with primary methods for reducing tar in biomass gasification, namely by feeding a natural
catalyst into a fluidized bed. This method is verified using an experimental pilot plant.
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1 Introduction

Energy recovery from biomass is one of the most
widespread and most promising ways for includ-
ing renewable energy sources in the energy mix of
the Czech Republic. Though the optimistic fore-
casts from the turn of the millennium concerning the
growth of the share of RES in power generation in
the Czech Republic remain unaccomplished, a host
of energy technologies based on biomass have become
quite advanced. One option for conventional combus-
tion technologies is thermal gasification of biomass,
and possibly also wastes. Gasification of biomass
and wastes has developed progressively not only in
the Czech Republic but, above all, in other coun-
tries. This technology offers a wide variety of options.
There are two basic types of gasifiers: gasifiers with
a fixed bed and gasifiers with a fluidized bed. The
characteristics of the two types and the differences
between them can be found in a number of publica-
tions [1]. These, however, are not the subject of the
present paper.

Ways of using the gas that is produced form a sep-
arate topic. The ways in which the gas will be used
are determined given by its quality. I, or, in other
words, the requirements placed on the quality of the
gas have a critical influence onin a critical manner
the requirements concerning the ways that are to be
used for gas cleaning.

2 The process of gasification,
and the quality of the gas
that is produced

Thermal and chemical gasification is a complex pro-
cess of thermal and chemical conversion of organic

matter into a low heating value gas (CO, Hy, CHy,
COg3, Ng, HyO) consisting of a host of reactions. The
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process proceeds in the temperature range 750°C
to 1000°C. Apart from the above-mentioned com-
bustible and inert constituents, the fuel gas that is
produced also contains smaller or larger amounts of
impurities. The composition and amounts of the im-
purities are determined by a whole host of factors
(fuel composition, type of reactor, conditions in the
reactor, etc.), and this has a significant impact on
the consequent methods employed for gas cleaning
and use. The basic contaminants contained in the gas
from gasification include solid particles, alkali and ni-
trogen compounds, sulphur and chlorine compounds
and, above all, tar.

Any gas coming from biomass gasification con-
tains at least minimum amounts of tar, and this
causes serious problems in its use. Tar is not a crucial
problem for gas turbines, because there are high tem-
peratures and the tar is combusted in the chamber. If
the tar assumes the form of fumes, there are no lim-
its on the amounts [2], but if there is condensation,
the maximum amounts of tar range from 0 ppm to
0.5 ppm, according to different authors [1]. If the gas
is to be used in combustion engines, a limit is most
frequently set in the interval between 10 mg-m,, % and
100 mg-m_, 3. In recent times, published works most
frequently agree that the maximum amount of tar in
the gas should be 50 mg - m,,® [3]. Engine makers
usually do not give concrete values, but they make
gas purity conditional on zero content of tar in the
condensate.

3 Tar reduction methods

Tar production in wood gasification is much greater
than that in coal or peat gasification and this tar, as
a rule, consists of heavier and more stable aromatic
substances [3]. These may partly react, producing
gas black that clogs filters and valves, which is a prob-
lem particularly in the case of biomass gasification.
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This means that technologies developed for tar reduc-
tion in coal gasification need not necessarily apply to
biomass gasification. Much research is therefore be-
ing carried out on reducing tar formation in biomass
gasification, or, alternatively, on removing the tar ef-
fectively in order to use the fuel gas that is produced
in combustion engines.

Measures aimed at reducing the tar content in
gas can be classified according to various criteria,
but the main measures can be categorized as primary
or secondary. As it is not possible in most gasifiers
to prevent tar formation via primary measures, it is
necessary to remove tar by using gas-filtering lines,
i.e. so-called secondary measures. There are several
ways and methods for removing tar from gas. The
most widely used methods involve the use of catalysts
(natural and artificial) and wet methods (gas scrub-
bing). However, primary measures are applied within
the reactor. They have the potential to boost overall
energy conversion efficiency while at the same time
reducing the need to remove tar from the gas outside
the reactor. This can reduce investment costs and op-
erating costs. Generally, two processes are applied:
thermal decomposition with partial oxidation, and
catalytic methods.

4 Catalytic reduction of tar
formation in gasifiers

This method is based on the capacity of catalysts
to decompose hydrocarbons into carbon monoxide,
hydrogen, and lower hydrocarbons. In practice, two
types of catalysts may be considered, one based on
lime and dolomite, and the other based on nickel.
In case of a primary measure, the catalyst is fed di-
rectly into the fluidized bed. Using a suitable cat-
alyst, the tar content can be reduced, and in addi-
tion concentrations of undesirable compounds of sul-
phur and chlorine in the gas can also be reduced.
Intense abrasion of adsorbent particles takes place in
the fluidized bed, and small particles emerge with a
sizeable surface and a considerable adsorption activ-
ity. In experiments carried out at various workplaces,
the following materials have been most frequently
used: dolomite, magnesite, limestone, and quartz
sand. The most suitable material material seems
to be dolomite, i.e. calcium magnesium carbonate,
which is affordable and widely available. Among the
available materials, dolomite shows the best ratio be-
tween effectiveness and abrasion resistance. Opti-
mum temperature conditions range within the 800
to 900 °C interval, and the residence time is some-
where in the region of 0.3 to 0.8 sec. The activity
of both dolomite and limestone grows as the propor-
tion of Ca/Mg increases [4]. The properties of vari-
ous materials referred to as dolomite vary consider-

ably according to the site of origin. This then has a
crucial impact on their tar reduction activity. The
catalytic activity of dolomite is considerably boosted
after calcination, i.e. after the conversion of carbon-
ates to oxides, which is accompanied by the release
of COa.

Catalysts may be applied directly to the bed in
their solid state, or by way of wet spraying the feed-
stock [5]. If the reactor operation parameters are
set appropriately, i.e. taking into account the tem-
peratures and the proportions of fuels and catalysts,
higher contents of Hy and CO are obtained in the
gas, and this also slightly raises the heat value of the
gas. [6] This method has a negative impact on the
stability and the start-up of the gasification process.

5 Experimental plant

The Biofluid 100 atmospheric gasifier that is in op-
eration in the laboratories of the Institute of Power
Engineering (IPE) of the Faculty of Mechanical En-
gineering of the Brno University of Technology was
used for the experimental part of our study. This
is a facility with a stationary fluidized bed that can
be run in both gasification and combustion modes of
operation. The feedstock is supplied from a fuel stor-
age bin equipped with a rake, and is fed by a worm
conveyor with a frequency convertor to the reactor.
Air compressed by a blower is brought as primary air
under the reactor grate and, in addition, at two other
height levels, it is brought as secondary and tertiary
air. The produced fuel gas is rid of fly ash using a
cyclone. The resulting gas is then burned using a
burner equipped with a natural gas fired stabilizing
burner with its own air supply. Ash from the reactor
is discharged into a container placed under the grate.
An electric air heater is installed at the blower outlet
in order to be able to analyze the effect of air pre-
heating. However, only the primary air is heated. A
detailed description of the facility is given, e.g., in [4].

6 Initial experimental
conditions

The basic parameters that had to be set included
dolomite particle size, based on the volume and the
velocity of the moving gas, and also the mass of the
fluidized bed in the reactor in the course of its oper-
ation. As it was not feasible to establish the amount
of fuel in the fluidized bed by way of a theoretical
computation, it was necessary before the series of ex-
periments to design and build a sampling line and to
establish this amount experimentally. The feedstock
was fed at 18 kg/hr., and the entire content of the
reactor, which amounted to 600 ml, or 100 g, was
removed.
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Second, it was necessary to calculate the grain size
of the input material to ensure proper fluidization in
the reactor. For this, the highest and lowest (design)
velocities of some 1 m-s~' to 1.6 m-s~! were used.
This estimate is based on a calculation with the fol-
lowing assumptions: reactor geometry, temperature
variations alongside its height, flow of primary air at
standard reactor operation (25 m? - h™!), and incre-
ment in gas volume along the height of the fluidized
bed (linear 0 to 18.8 m? - h™!). To achieve catalyst
particle fluidization in the bed, velocity 1.6 m -s~!
was deemed to be the velocity of particle release from
the fluidized bed. For this velocity, with the known
parameters of the gas and the reactor, the smallest
particle diameter is 0.35 mm (calcined dolomite was
considered, as it is expected that calcination will oc-
cur in the reactor). For velocity 1.6 m-s™! and with
the given assumptions, the largest diameter of the
particle was set to 2.7 mm (non-calcined dolomite
was considered, as it was fed into the reactor in its
natural form). During its residence in the bed, abra-
sion and calcination occur at the same time. The di-
minishing particle is assumed to leave the area having
reached a size of 0.35 mm. To make the constantly
abraded particle stay in the bed as long as possible,
and also due to the deviations of the simplified calcu-
lation, it was decided to use particles with grain size
of 1 mm to 1.5 mm.

Table 1: Properties and quantities of

The remaining quantity that had to be specified
before launching the experiments was the quantity of
catalyst that was to be applied. On the basis of a lit-
erature search and calculations that were made, the
amount of dolomite to be used was set to be within
the interval 0.027 to 0.035 kgaol - kg -

7 The course and results of
the experiments

Tests were carried out during which the impact of
adding dolomite to the fluidized bed was examined.
Samples of gas and tars were first taken during each
“clean” biomass gasification experiment. Catalyst
was then added on an intermittent basis, and ref-
erence samples were taken afterwards. The samples
were stored in glass and metallic sample containers.
A gas composition analysis was carried out directly
in the laboratory of IPE, using the PERKIN ELMER
gas chromatograph (GC) with a packed column and a
TCD detector. Tar sampling was performed behind a
cyclone at the outlet from the insulated jacket of the
reactor. The class of hydrocarbons with their boiling
point exceeding that of phenol was defined as “tar”.
An HP6890 gas chromatograph with an HP5973 mass
spectrometer, made by Agilent (USA), were used to
establish the gas tar content and its composition.

feedstock and dolomite batches

feedstock | feedstock | dolomite | dolomite | interval | dolomite | feedstock | proportion
humidity | grain size | batch total quantity dol. /feed.
- % mm g min kg kg/hr. Kgdoi/KEfeed
No.1 | shavings 1-1.5 200 15 1.2 21.6 0.034
No.2 | shavings 7 1-1.5 150 15 1.5 18 0.036
No.3 chips 15 0.5-1 35 5 1.3 15.5 0.030
No.4 chips 18 0.5-1 60 5 2.7 16 0.045

Table 2: Temperature conditions during the experiments

reactor | reactor | freeboard

Average temperatures in the reactor | bhottom | centre
in the course of the experiments 50 50 50
No.l dolomite-free 821 795 731
dolomite-doped 810 770 730
No.2 dolomite-free 853 813 712
dolomite-doped 845 795 712
No.3 dolomite-free 850 821 719
dolomite-doped 835 800 735
No.4 dolomite-free 849 827 730
dolomite-doped 829 818 727
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Figure 1: Comparison of tar reduction after dolomite feeding

The conditions and the results of the experiments
are summarized in the following tables. This was a
standard setting of the gasification process in gasi-
fying woody biomass. When no dolomite was fed
into the reactor, the temperature course and the gas
composition course remained stable. Following the
addition of dolomite, drops both in the reactor tem-
perature and in CO4 content growth in the gas were
observed. This is clearly due to the development of
CO; with partial or full dolomite calcination. The
degree of calcination is mainly dependent on the tem-
perature of the fluidized bed and on the content of
COz. Another reason behind the temperature drop
is the onset of the reducing endothermic reactions of
the tar.

8 Evaluation of the results

The impact of adding dolomite in the fluidized bed of
the gasifier on the amounts of tar produced is clearly
shown in Chart 1. Application of dolomite with grain
size 1 mm to 1.5 mm into the reactor at bed tem-
peratures between 770 °C and 810 °C did not result
in any drop in tar production. It was therefore de-
cided to raise the temperature to the interval between
800 °C and 840 °C. The chart shows that a moderate
drop in tar content in the gas was achieved, but that
this drop was insignificant. Subsequent experiments
were therefore carried out at this higher temperature
level. On the basis of the course of the experiment,
and in particular, the changes of temperature and
the changes in gas (CO, CO2) composition quantified
using an on-line analyzer, it was concluded that the
selected dolomite grain size was too big. It was con-
cluded that the dolomite rests on the grate and in the
bottom layer, and this prevents the necessary contact
with the gas. A smaller grain size was therefore cho-

sen for subsequent experiments. To curb fly ash, we
opted for additions of smaller amounts of dolomite at
shorter intervals. Chart 1 shows an obvious positive
impact, and a drop in the amount of tar by about
one quarter of the original amount. To boost this
effect, it was decided to increase the amount of cata-
lyst by about 50 %, and this resulted in eliminating
the escape of finer particles of the catalyst. The re-
sults show that the amount of tar that was produced
dropped by about 60 % with this setting.

No significant variation in the makeup of the in-
dividual gas constituents was found following doping
of the reactor with dolomite. Only a minor drop in
the CO and Hy contents was encountered, together
with slightly elevated concentrations of CO4 released
upon dolomite calcination. The heat value of the gas
that was produced ranged in the interval from 4.8 to
5.6 MJ/m”.

9 Conclusions

No fundamental changes in the composition and the
content of tars in gas were found following the appli-
cation of dolomite with grain sizes 1 mm to 1.5 mm.
These particles were probably left lying on the grate,
or were fluidized in the bottom section of the reac-
tor, and therefore failed to get in touch with the
moving gas. The use of a smaller grain size, com-
bined with the application of a large initial batch,
led to tar content reduction by some 25 per cent after
dolomite was applied to the bed. The dolomite bed
was significantly denser, and lightweight particles be-
came fluidized at a greater height, as is evidenced by
the temperature increase in freeboard. Optimum re-
sults were then achieved by increasing the amount of
dolomite to 0.045 kg, /kg ., in experiment No. 4.
A shortcoming of this way of reducing tar in this
particular experimental facility was the low freeboard
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temperature and the stationary fluidized bed, which
hampered the circulation of catalyst particles within
the reactor. This was the main reason for raising the
proportion of catalyst. However, it seems that the
addition of dolomite in the fluidized bed may be an
effective primary measure for cutting down the tar
content in fuel gas. The assumption that it is not
feasible to remove all tar from the gas by way of pri-
mary measures has been confirmed; nevertheless, a
60 % drop in tar content brings a significant saving
in investment and operating costs with secondary gas
cleaning.
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