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Thermo chemical gasification of
biomass

The intensified usage of biomass for generating energy and raw materials for chemical indus-
try is discussed now. Hereby the processes of thermo chemical conversion play a key role. In
this contribution important criteria for process management and facility control are shown and
explained through an experiment description.
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or crude oil has been largely researched and is ready for in-
Abstract dustrial large-scale applications. However, for agriculture, the
Landtechnik 65 (2010), no. 1, pp. 58-61, 1 table, 2 figures, utilization of self-produced primary and secondary raw mate-
4 references rials for energy generation is important. Reasons for that are

the German Renewable Energy Law and the possibility of an
additional income for farmers. The most used charge material
in gasification plants is wood. The usage of other secondary
raw materials for gasification like solid manure or digestates
from fermentation plants is in experimental state. Because of
the large spectrum of usable biomass, an adaptation of the ga-
sification technology to the special needs of these materials is
strongly needed [1].

Process and quality parameters

For the operation of a thermo chemical gasification facility and
the decomposition of carbon-containing raw materials two pa-
rameters are considered to provide qualitative and quantitative
assessments of the process efficiency: first the cold gas efficien-
cy and secondly the carbon converting rate. These parameters
give a rough estimation of the efficiency of the thermo chemi-
cal conversion. But they do not provide any information about
the gas composition or the gas quality. Gasification processes
with a high content of methane for instance often come along
with a high cold gas efficiency. On the other hand, the carbon
conversion rate is a quantitative parameter for the utilization of
the charge material. Modern fluidized bed gasifiers are working
more efficient than 97 % [2].

The removal of solid particles from the generated gas is ob-
ligatory. Different technologies like cyclones, hot gas filtering,
electrical and fabric filters and wet gas cleaning systems are
available. The content of solid particles in the raw gas depends
among other things on the gasification process itself: counter
flow, parallel flow, entrained flow and fluidized bed. The parti-
cle concentration in the raw gas reaches from 0.1 g/Nm? (paral-
lel flow) up to 100 g/Nm? (fluidized bed) [3].
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Description of the used equipment
The tests were carried out at the biomass utilization facility at
the Martin-Luther-University Halle-Wittenberg (Germany). This
test facility is mainly suitable for the use of wood chips. The
rated input power of the gasification reactor is about 200 kW.
This value describes the amount of chemical bounded energy
per time unit, which can be generated through a loss-free and
complete conversion of wood. The ratio between input energy
and output energy in the produced gas is represented by the
cold gas efficiency. If other raw materials are used, the maxi-
mum of the input power can vary because of the fixed dimen-
sions of the reaction spaces and the limited maximum power
of the gas conditioning units and the gas flow devices. Overall,
this reactor configuration can be used to gasify a lot of different
free-flowing biomass materials.
The facility is divided into three functional parts:

m generation of the product gas,

m gas conditioning and

m usage of the produced gas and heat utilization (figure 1).

E

The decomposition of wood through thermo chemical reac-
tions takes place at an atmospheric gasifier with a stationary
fluidized bed. The main reaction zones for the pyrolysis of the
wood and the following gasification of the pyrolysis products
are separated from each other. By using continuously variable
speeds of the screw conveyors the reaction times of the bio-
mass in the reaction zones are adjustable. This functionality
allows an adaption of the gas generating process according to
alternating fuel characteristics. The gas is cleaned in two steps:
first dry at a centrifugal separator and subsequently wet at a
gas scrubbing unit. The last- mentioned device also cools down
the gas. The conditioned gas can be used directly in a block
heat and power plant for power generation, or in a heat genera-
tor. In addition to normal heat utilization, the heat can also be
used in an absorption chiller for chilling tasks. This facility is
a practical configuration that is typically employed at farms in
agriculture.
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Trial description

For the trial, wood chips of the classification G30 were used.
The dimension of the raw material pieces has a large influence
on the conversion speed. The described reactor is designed for
materials with a mean feed size of 5 to 30 mm. The throughput
during the trial was adjusted to 38 kg/h (absolute dry). With a
lower heating value of about 5.1 kWh/kg, this equals an input
power of 194 kW. The wood moisture was measured with 28 %.
The construction of the gasifier permits the use of moist mate-
rial. The wood chips are dried within the reactor before they
reach the pyrolysis zone. The vapor and the pyrolysis gases are
conveyed into the fluidizing bed. The whole process was set up
to achieve a high cold gas efficiency and a maximization of car-
bon conversion.

Results

Figure 2 shows the product gas composition over the trial time.
The generated gas is a poor gas with a mean heating value of
5.4 MJ/Nm?3 (steady state). The gas flow was about 95 Nm?3/h.
The heating value is in normal range for air driven gasifiers.
The low heating value is due to the high content of nitrogen in
the gas. Higher values will be attained by using pure oxygen or
Vapor as process gas.

Particle loads [mg/Nm?3]

Vergaserausgang Zyklonausgang Ausgang Gaswasche
Gasifier outlet Cyclone outlet Gas scrubber outlet
3700 1150 46

Table 1 shows the measured total contents of dust before
and after the gas cleaning stages. The generated gas leaves the
fluidized bed gasifier with a low content of particles of about
3.7 g/Nm?. This value was also nearly reached in other trials.
At the following cyclone, most of the larger particles were sepa-
rated. The separation rate was 2.55 g/Nm?.

The following gas scrubbing unit is filled with fatty methyl
ester (FME). Beside the removal of particles, also condensable
parts from the gas will be separated at this point. The leftover
particle content in the cleaned gas was about 46 mg/Nm8.

In addition to the dust removal at the gas cleaning units,
annealed ash is transported out of the fluidizing bed. Overall,
52 % of all ashes respectively particles were separated at the
cyclone.
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The usage of the cleaned gas for gas turbines or fuel cells
is not recommended because of the rest particle content. Ad-
ditional gas cleaning would be necessary here.

The cold gas efficiency averaged to about 73 %. The biomass
was converted into the product gas with a carbon conversion
rate of about 98 %.

An improvement of the cold gas efficiency is possible by
achieving a higher heat flux from the product gas to the proc-
ess air. But the flow resistance of the additional heat exchanger
would cause a higher energy input at the gas conveying unit
than the conserved heat at the reactor. That is why the reduced
efficiency is acceptable.

Conclusions

The thermo chemical gasification of biomass from agriculture
in small plants with a good efficiency and high fuel utilization
is possible. A decentralized application at farms can be rea-
lized [4]. However, before a wide practical use, long-term trials
at the testing facility are necessary to proof high function avai-
lability. At last, the usage of other raw materials than wood has
to be tested.
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