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Abstract
A novel design of low-tar biomass (LTB) gasi�er with an inclined nozzle in the pyrolysis zone and a
separate combustor installed inside the partial oxidation zone has been designed, developed and tested,
while maintaining an extremely low tar in the producer gas. The design process was focused on a
swirling �ow created by an inclined nozzle which allows a good mixing between gasifying air and
pyrolysis gases in the pyrolysis zone. A separate combustor which has large annular and reverse �ow
zones with the help of swirl �ow. The resulted mixing gases has sucked inside in to the combustor and
burning the mixture with the help of induced thermal cracking in the partial oxidation zone. At an
equivalence ratio of 0.35, the gasi�er had a thermal capacity at 23.8 kW and a maximum cold gas
e�ciency of 93.1%. Using wood chips with a moisture content of 9–34%, the LTB gasi�er had generated
a producer gas at 7.4-27.14 mg/Nm3 with a lower heating value of 4.57–5.11 MJ/Nm3. The resulted
producer gas can be piped directly to the internal combustion engine or a gas turbine at small to medium
scale power plant in remote rural off-grid areas.

1. Introduction
Due to the arising issue of climate changes and environmental safety, there is a need to replace fossil-
based fuels to sustainable renewable energy [1]. For this, the entire worlds energy system is transitioning
from fossil to renewable energy, which is a huge technological challenge requiring new technological
solutions. This needs to install new decentralized energy plant around the world where electricity is not
available from national electric grid systems and the area of low population densities and under di�cult
to reach geographical conditions. These unserved remote areas have to be met by means of off-grid
technologies. Among the off-grid renewable technologies, it is cheap and affordable to use biomass
energy for standalone power generation in remote areas [2]. About 7% of primary energy demand mix is
currently met by biomass or biomass derived fuels [3]. Use of biomass energy is transformed into
producer gas that consists of CO, CO2, H2, CH4, water and tar with other constituents by the gasi�cation
process [4]. However, tar content in producer gas is the main problem if it is to be used directly in an
engine. Unlike heat applications, power generation demands low tar producer gas that certainly be less
than 50 mg/Nm3 to guarantee long lasting performance in the engine generation system [5]. A downdraft
moving bed gasi�er with an internal recirculation and combustion of pyrolysis gases inside the gasi�er
offers excellent opportunities for solving the tar problem to a signi�cant extent [6]. Susanto and
Beenackers studied a moving bed gasi�er (throatless) where recirculation systems reduced tar content in
the producer gas below 100 mg/Nm3 [6]. Nonetheless, the technology of internal recirculation of pyrolysis
gas and mixing these gases with the gasifying air to burn in the combustion chamber in the combustion
zone is not well-established technology and only few studied were performed in this new area of
knowledge. So, there is a scope to investigate tar content problem lower than 50 mg/Nm3 considering an
easy constructional and operational gasi�cation system. Considering insu�cient studies in downdraft
moving bed gasi�er to reduce tar content in the producer gas, this study was aimed to study a novel
design of low-tar biomass (LTB) gasi�er with a novel inclined nozzle and combustor. Moreover, the aim is
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to identify and characterize the parameter of LTB gasi�er for optimizing its performance. Furthermore, the
resulted producer gas is tested for operation of an internal combustion engine.

1.1 Process Principal
A novel design of low-tar biomass (LTB) gasi�er with an inclined nozzle in the pyrolysis zone (Fig. 1(a))
and a separate combustor installed inside the partial oxidation zone (Fig. 1(b)). The design process was
focused on a swirling �ow created by an inclined nozzle which allows a good mixing between gasifying
air and pyrolysis gases in the pyrolysis zone. A separate combustor which has large annular and reverse
�ow zones with the help of swirl �ow. The resulted mixing gases has sucked inside in to the combustor
and burning the mixture with the help of induced thermal cracking in the partial oxidation zone which
results in turn extremely low tar content in the producer gas.

2. Methodology

2.1 Materials Used
Crushed Danish pine wood chips was used to test the LTB gasi�er. Average size of wood chips used were
42x34x6 mm. The detail composition of wood chips are shown in elsewhere in ref. [7].

2.2 Experimental
The LTB gasi�er (Fig. 2(a)) has been built at the department of Chemical Engineering at the Technical
University of Denmark (DTU), Risø Campus, Denmark and it was described in details elsewhere in ref. [7].
At �rst the reduction zone below the combustion zone was �lled with the hot char, then whole gasi�er
was �lled with the fresh cold char. The gasifying air was fed from the top of the gasi�er into the
combustor by the inclined nozzle. After the few moments, the thick white smoke was coming out at the
producer gas outlet and then clean producer gas was observed after few minutes. The experimental
testing procedure with gas and tar sampling as well as analysis were followed by the ref. [7][8].

3. Result And Discussion

3.1 Gasi�cation Performance
Gasi�cation performance of a LTB gasi�er is determined for characterization in term of producer gas
quantity, its heating value, equivalence ratio, gasi�er capacity and cold gas e�ciency. Table 1 shows the
gasi�cation performance of a LTB gasi�er for the �ve tests [8]. Wood chips with a moisture content of
9.0–34% was tested during gasi�cation. All the operating parameters can be seen in Table 1. Details
gasi�cation performance can be seen in ref. [7][8]. Temperature pro�le of the LTB gasi�er by the
introduction of inclined nozzle and a separate combustor is shown in Fig. 2(b). The temperature of
drying, pyrolysis and partial oxidation zone were observed to oscillate during gasi�cation process. Gas
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outlet and char bed temperature for all tests were shows lower and this may be water gas shift reaction
and Boudouard endothermic gasi�cation reaction taking place in these zones.

Table 1: Gasi�cation results of an LTB gasi�er. Detail can be seen in ref.

Parameters Unit Test 1 Test 2 Test 3 Test 4 Test 5

Operating time h 1.84 5.0 5.25 5.0 5.0

Biomass moisture % 32.38 34.0 11.57 9.5 9.0

Dry Biomass (20°C, 1 bar) (kg/h) 5.202 5.703 4.672 4.923 4.969

Air�ow (20°C, 1 bar) (kg/h) 10.26 11.38 12.62 12.2 12.14

Char of dry biomass % 21.82 7.17 10.13 10.16 10.39

Producer gas composition (vol%, db)            

CH4   0.53 1.03 0.49 0.47 0.44

CO   17.0 16.3 24.3 25.3 25.6

CO2   11.8 12.1 7.1 7.8 7.7

H2   20.6 19.9 15.9 16.2 16.2

N2   49.9 50.2 52.0 50.0 49.9

Tar content mg/Nm3 27.14 25.65 10.61 7.52 7.4

LHV of gas MJ/Nm3 4.57 4.58 4.96 5.06 5.11

HHV of Gas MJ/Nm3 4.99 5.01 5.29 5.35 5.39

Equivalence ratio - 0.27 0.29 0.41 0.38 0.35

Gasi�er capacity kW 21.3 24.3 23.3 23.6 23.8

Cold gas e�ciency % 75.4 80.8 91.9 92.2 93.1

3.2 Tar reduction performance
Figure 3 shows equivalence ratio on the producer gas tar content of the different zone of a LTB gasi�er.
Average tar content of 1693, 255 and 15.7 mg/Nm3 was observed for the pyrolysis, partial oxidation and
gas outlet zones, respectively, while the lowest and highest tar content of 7.4 and highest 7.4 and 27.14
mg/Nm3, respectively. Tar content in the producer gas outlet zone was below 1%, while the pyrolysis and
partial oxidation zone were able to reduce tar content of 15.7 and 86.6% in this system. Results from the
Fig. 3 is con�rmed that tar removal e�ciency in this system was performed well by introducing novel
design of inclined nozzle and a combustor in a LTB gasi�er.
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4. Conclusion And Outlook
Biomass can be a signi�cant renewable non-conventional energy source in off-grid rural areas in
developing countries. The resulted producer gas from biomass gasi�cation can be played to make use of
a varieties power sources, like electricity production. Tar formation in the producer gas is a major concern
to utilize this power directly in an engine. A novel LTB gasi�er with an inclined nozzle and combustor can
be an effective solution to eliminate this tar problem. Results from the LTB gasi�er performance
con�rmed this system can be worked properly without facing any trouble and e�ciency of this system
also shows high enough to operate small to medium power plant in rural off-grid areas.
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Figure 1

(a). Nozzle inclination system with dimensions (mm) of a LTB gasi�er. (b). An inclined nozzle and
combustor of a low-tar biomass (LTB) gasi�er
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Figure 2

(a). Low tar biomass (LTB) gasi�er [7]; A, Air inlet; B, Biomass inlet; C, Producer gas outlet; D, Recycle gas;
E, Nozzle; F, Combustor; G, Ash grate; H, Ash bunker; I, Pressure measurement port; TC, thermocouple. (b)
Temperature pro�le along the reactor height of a LTB gasi�er
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Figure 3

Equivalence ratio on the different zones of a LTB gasi�er


