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Abstract 
Within the last two years CRIBE (Centro di Ricerca Inter-universitario Biomasse 
da Energia) has carried out experimental works related to biomass gasification. The 
main core of the activities is a pilot scale downdraft gasifier which is used as a 
demo facility for testing biomass feedstock and evaluating the performance of the 
process. This paper resumes the experimental campaigns carried out so far using 
air as gasifying agent. The first set of tests involved the use of pelletized biomass 
such as wood sawdust and sunflower pressing cake. The aim was to evaluate the 
suitability of these materials for this process, since the low moisture content and 
the homogeneous size distribution make pelletized biomass an attractive feedstock. 
Despite a fairly good woodgas composition, the experimental tests showed a 
significant de-rating of the plant throughput and difficult control of the gasifier 
operation due to very high pressure drops trough the gasifier bed. Ancillary 
investigations involved the characterization of the gasification solid residues, to 
point out how to deal with these materials. A further experimental campaign has 
involved vine clippings as raw feedstock. In this case the experimental set-up was 
enhanced by measuring the thermal profile inside the gasifier throat and 
continuously evaluating the gas composition with a FTIR analyzer. The use of the 
FTIR analyzer allowed for some deeper observation about the gasification process 
dynamics, such as relationship between the evolutions of different gas species.  
 
Introduction 
CRIBE involves several partners of the Università di Pisa and the Scuola Superiore 
Sant’Anna who have been studying biomass and energy from different 
perspectives. The partners now carry out joint activities related to energy from 
biomass since 2010 for the purpose of gaining practical experience within the 
operation of different technological platforms, integrating different skills, 
evaluating suitable biomass-conversion technology couplings, assessing land 
destination suitability. The research activities cover several technological 
platforms; one of these is biomass gasification. The gasification platform is 
composed of a 200 kWth downdraft gasifier, a pilot scale dryer and a pyrolysis 
reactor. Starting from March 2010 two experimental campaigns have been carried 
out with the gasification plant (see Figure 1 for the flow-sheet), the first one with 
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pelletized biomass and the second one with vine clippings as feedstock. The plant 
features and preliminary results of the first set of tests have been already presented 
elsewhere [1, 2]. This paper resumes the main results achieved in the two 
experimental campaigns. 
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Figure 1. Flow-sheet of the gasification plant. 

 
Gasification of pelletized biomass 
The first gasification campaign was carried out with pelletized biomass as 
feedstock: wood sawdust and sunflower cake pellets. Two sets of tests were carried 
out. First only wood sawdust pellets were fed to the gasifier. In a further set of tests 
a mixture of 50% wood sawdust and 50% sunflower cake pellets were used, since 
sunflower cake pellets are not likely to be used directly in a downdraft gasifier (due 
to high ash and nitrogen contents). Table 1 reports the main properties of the two 
feedings. Pelletized biomass is in principle an attractive feedstock for the 
downdraft gasifier due to very low moisture content (9.5-12%), high LHV (18.43-
19.54 MJ/kg) and uniform particle size distribution.  
 

Table 1. Pellets properties (as: as received, daf: dry ash free) 
 

 Moi 
[%] 
as 

VM 
[%] 
dry 

FC 
[%] 
dry 

Ash 
[%] 
dry 

C 
[%] 
daf 

H 
[%] 
daf 

N 
[%] 
daf 

LHV 
[MJ/kg] 

dry 

Bulk 
density 

[kg/m3] as 
Wood 9.5 80.6 17.3 2.1 48.9 5.8 0.2 18.43 650 
Mix 12.0 76.5 18.5 5.0 50.5 6.2 2.0 19.54 641 

 
Table 2 reports the average gas composition obtained from each test, evaluated by 
means of an Agilent micro-GC positioned at the end of the gas clean-up section. 
The syngas is mainly composed of hydrogen, carbon monoxide, carbon dioxide, 
nitrogen and methane with a small amount of ethylene; other hydrocarbons such as 
ethane and acetylene are slightly relevant. The average syngas composition is quite 
similar for the five tests. The syngas composition is similar to those reported in the 
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literature (for instance Lettner et al. (2007) [3]). The syngas LHV of Test 1 is 
higher than the other tests. A possible explanation is that, in this case, the gasifier 
reduction zone was filled with vegetal charcoal which provides an excellent 
reduction media with no moisture and high calorific value; in addition the methane 
content is the highest of the five tests. The syngas LHV is stable in the other tests 
ranging from 5.52 to 5.75 MJ Nm -3. These values are in agreement with literature 
values (for instance Lettner et al. (2007) [3]), but very close to the upper limit, 
indicating that the use of pelletized biomass leads to high syngas LHV, probably 
due to the high energy density of these fuels. Test 5 exhibits a LHV close to Test 2, 
3, 4 despite the lower hydrogen and carbon monoxide content, this is due to the 
higher ethylene content. The high ethylene content can be a consequence of the 
residual oil in Sunflower cake pellets, which is likely to generate hydrocarbons. 
 
Table 2. Gas compositions obtained from gasification tests of pelletized biomass. 

 
 Pellet CO 

[%] 
H2 
[%] 

CO2 
[%] 

N2 
[%] 

CH4 
[%] 

C2H4 
[%] 

LHV 
[MJ/Nm3] 

1 Wood 21.3 17.5 13.3 44.2 3.1 0.5 6.0 
2 Wood 21.6 17.6 12.0 46.0 2.3 0.4 5.7 
3 Wood 21.3 16.3 12.4 47.2 2.3 0.4 5.5 
4 Mix 20.6 17.6 12.8 45.9 2.5 0.5 5.7 
5 Mix 19.7 15.8 11.6 49.5 2.3 0.8 5.6 

 
Pelletized biomass produces a rather high pressure drop across the gasifier bed (up 
to 500 mmH2O); moreover the resistance to flow was variable during the tests, as a 
consequence the bed is very unstable. This lets to a de-rating of the syngas flow-
rate and difficult plant operation due to the variable pressure drop. This behavior 
can be related to pellet fragmentation, since biomass pellets break up into smaller 
particles during the gasification process due to mechanical stress in the loading 
screw-conveyor as well as thermal and mechanical stresses within the bed. 
Therefore, despite the uniform size distribution of the pellets, dust is formed in the 
gasifier reducing the permeability of the gasifier bed. Finally biomass pellets are 
completely turned into powder by the mechanical scraper that removes particles 
from the bottom grid of the gasifier; as a consequence the water stream that 
removes residues from the gasifier bottom is highly polluted with suspended solids.  
This is a potential disadvantage of pelletized fuel gasification since high level of 
suspended solids is harmful for the plant operation (for instance causing pumps 
damage) and increases the complexity of the wastewater treatment. 
At the end of the whole experimental campaign some particulates samples were 
collected from the cyclone bottom tank. The presence of condensed organic 
compounds was evaluated to assess possible health risks associated to handling and 
disposing this material. The particulates were dissolved in acetone and the filtered 
solvent was then analyzed with GC-MS analysis. The particulates contain a broad 
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distribution of aromatic compounds, in particular PAH ranging from naphthalene 
to coronene.  
Material balance showed that the mean equivalence ratio of the gasifier was 0.3, 
leading to the production of nearly 2 Nm3 of dry syngas per dry kg of pellets.  
 
Gasification of vine clippings 
A further experimental campaign has been carried out on vine clippings. There is 
much interest in the energy conversion of these residues which are a cost for 
grapefruit producers. The tests aimed both at evaluating the gasification 
performance of this fuel as well as improving the characterization of the gasifier 
behavior. To the latter purpose the thermal profile inside the gasifier throat was 
measured with a movable K-thermocouple and the gas composition was 
continuously evaluated with a FTIR analyzer. Table 3 reports the thermo-chemical 
properties of vine clippings, which resemble those of wood pellets (Table 1). 
However the moisture content is higher and the bulk density is remarkably lower 
than pelletized biomass. Loose materials allow reducing the pressure drop across 
gasifier bed; consequently the gasifier operation is more stable than with pelletized 
fuels. On the other hand it was necessary to fix the parameters of the feeding 
system and increase the gasifier vibration frequency in order to avoid the formation 
of bridges.  
Table 4 reports the average composition obtained from each test carried out with 
vine clippings. The average syngas composition is quite similar for the three tests 
with LHV ranging from 5.5 to 5.8 MJ Nm -3. The syngas composition and LHV are 
relatively similar to those achieved during the gasification of wood pellets. 
 

Table 3. Vine clippings properties (as: as received, daf: dry ash free). 
 

Moi 
[%] 
as 

VM 
[%] 
dry 

FC 
[%] 
dry 

Ash 
[%] 
dry 

C 
[%] 
daf 

H 
[%] 
daf 

N 
[%] 
daf 

LHV 
[MJ/kg] 

dry 

Bulk 
density 

[kg/m3] as 
17.6 80.8 16.6 2.6 50.8 5.8 0.9 18.0 230 

 
Table 4. Gas composition obtained in the gasification tests of vine clippings. 

 
Test CO 

[%] 
H2 
[%] 

CO2 
[%] 

N2 
[%] 

CH4 
[%] 

C2H4 
[%] 

LHV 
[MJ/Nm3] 

1 21.7 17.1 13.0 45.1 2.6 0.4 5.8 
2 22.3 16.8 11.9 46.7 1.9 0.3 5.5 
3 20.0 18.1 13.7 45.0 2.6 0.5 5.8 

 
The pressure drop of this loose material was lower compared to pelletized fuels, 
ranging from 100 to 200 mmH2O. In this case the calculated equivalence ratio was 
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0.27 leading to the production of nearly 1.8 Nm3 of dry syngas per dry kg of vine 
clippings.  
The gas analysis was carried out also with an FTIR positioned at end of the syngas 
clean-up section of the plant. This equipment allowed to continuously evaluating 
the carbon monoxide, carbon dioxide, methane and ethylene contents in the syngas. 
Figure 2 reports the evolution of the syngas composition during the first part of test 
3. It can be noted that after the gasifier start-up there is a transient process, 
characterized by large fluctuations, where the composition is rather unstable. After 
nearly half an hour the amplitude of the fluctuations is reduced and the 
composition approaches a stable value. Nevertheless the gas composition is not 
constant but characterized by a continuous oscillation of the volume fractions: this 
may indicate that despite the gasifier has reached a stable operating point, the 
process still occurs with an internal dynamics.  
The use of FTIR allows highlighting instantaneous fluctuations which are lost 
when using a GC analyzer due to the larger analysis time. Notably the FTIR signal 
shows a close relationship between the four chemical species. In particular the 
larger the amount of carbon monoxide, the lower the carbon dioxide, methane and 
ethylene contents in the syngas.  
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Figure 2. Evolution of CO, CO2, CH4, C2H4 volume fractions during the 

gasification of vine clippings obtained via FTIR (first part of test 3). 
 
This result may be related to the efficiency of the gasifier bed: the higher the 
reduction efficiency (for instance due to a better gas distribution through the bed) 
the higher the reduction of carbon dioxide to carbon monoxide and the lower the 
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methane and ethylene contents due to better combustion in the oxidation zone or 
reforming in the reduction zone of the gasifier. 
The temperature profile inside the gasifier throat was evaluated by inserting a 
portable K-thermocouple along the gasifier nozzles. The oxidation zone can be 
recognized immediately at the nozzle outlet with temperature ranging from 1000 to 
1200 °C. The thickness of the oxidation zone was found to be close to 15 cm.  
 
Future developments 
The work of CRIBE is now devoted to test several different biomass sources in the 
gasification plant, in order to gain practical experience for the development of this 
technology but also to indicate the best feedstock for this conversion process. In 
addition some improvements of the gasification facility are planned. The plant is 
going to be equipped with an IC-engine to effectively act as a demo plant 
resembling a real operating system. Attention will be paid on the gas clean-up, 
including state of the art equipments such as spray towers and oil wash towers. 
Finally improvements of the process such as the use of air with higher oxygen 
content or coal addition are under evaluation. 
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