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Abstract 
The fluidized bed combustion of a biomass residue (olive husk) common in the 
Mediterranean area was investigated in a bench-scale reactor operated at different 
bed temperatures ranging between 650 and 850°C. The biomass has been fed to the 
combustor after a pelletization pretreatment. Outputs of the experimental activity 
are the conversion efficiency and the solid and gaseous emissions obtained under 
different operative conditions.  
 
Introduction 
The treatment and disposal of olive husks, a biogenic residue largely produced in 
Mediterranean countries, is becoming a serious environmental problem that 
requires the use of technologies able to treat this material with low environmental 
impacts. Olive husks can be also considered attractive as energy source because of 
their renewable nature, neutrality with respect to greenhouse-compounds 
generation, high conversion efficiency. Fluidized bed combustion (FBC) 
technology has been indicated as a suitable technology for biomass conversion on 
the basis of its intrinsic flexibility of managing residues even with large moisture 
content [1]. However a main issue that must be managed with this kind of residue 
is to prevent agglomeration phenomena [2,3]. On the other hand the use of 
pelletized biowaste/biomass-derived fuels has gained interest over the last years, as 
it may enhance utilization of biogenous fuels from the standpoints of fuel storage, 
transportation (especially over long range) and handling [2]. An additional option 
is the possibility to add some selected material during pelletization process to 
increase the mechanical properties and decrease the pollutants emissions of the 
fuel, and/or to prevent possible agglomeration/fouling problems during combustion 
due to the alkali contained in the biomass ash [4]. 
The present work reports an experimental evaluation carried out at the level of 
laboratory scale of the efficiency of fluidized bed combustion of an Italian virgin 
olive husk pretreated with a pelletization treatment. The analysis has been carried 
out on the basis of: i) a chemical-physical characterization of the material, ii) an 
experimental campaign of texts carried out at different operative bed temperature. 
Main output of the activity was the combustion efficiency and the solid and 
gaseous emissions.  
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Experimental 
The properties of the olive husk with tips coming from Apulia in Italy, used in the 
present investigation, are reported in Table 1. The material represents the residual 
of the two phases process used for the oil extraction. The determination of carbon, 
hydrogen and nitrogen content of the fuel (oxygen was calculated by difference) 
has been performed using a CHN 2000 LECO analyser. The moisture, the volatile, 
the fixed carbon and the ash content of the biomass materials have been determined 
using a TGA 701 LECO thermo gravimetric analyzer. The analysis of the ash 
composition was determined by ICP-MS using a Agilent 7500CE instrument. 
Finally, the heating value has been obtained by using a Parr 6200 Calorimeter.  
A 2-3 mm particles sized of pelletizing material has been continuously fed to the 
reactor. Table 2 reports the properties of the material after pellettization process. 
Analysis of data reported in the table indicates that apart the increases of 
mechanical resistance the moisture content is reduced down to 9.4%.  
Stationary combustion experiments have been carried out in a 110mm ID and 2.7m 
height stainless steel fluidized bed combustor, reported in Fig.1. The reactor is 
electrically heated by means of eight semicylindrical heaters (total power ≈20kW) 
in order to minimize the start-up time. The fluidizing gas (air) was pre-heated at a 
temperature of 600°C. The gas distributor is of conical shape and is equipped with 
a port and a valve at its bottom in order to enable rapid discharge of the bottom ash 
and bed material. The distributor bears 12 cylindrical diffusers with four nozzles 
each at right angle. 

 
 

Table 1. Properties of olive husk from two phases extraction process containing 
olive tip. 

 
Proximate Analysis, % Ultimate Analysis, % 

                      dry basis
Ash and  

moisture free as received 
Moisture   65.1 Carbon   52.6 55.2 18.3 
Volatile Matter 27.8 Hydrogen 6.4 6.7 2.2 
Ash 1.6 Nitrogen 1.0 1.0 0.3 
Fixed Carbon 5.5 Sulphur 0.2 0.2 0.1 
   Chlorine 0.0 0.0 0.0 
   Ash 4.6 0.0 1.6 
   Oxygen 35.2 36.9 12.3 
   Moisture - - 65.2 
HHV, kJ/kg       22321 23387 7781 
LHV, kJ/kg      20945 21946 5742 
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Table 2. Properties of olive husk pellets. 
 

Proximate Analysis, % Ultimate Analysis, % 

                   dry basis
Ash and  

moisture free as received 
Moisture 9.4 Carbon 52.6 55.1 47.7 
Volatile Matter 14.3 Hydrogen 6.4 6.7 5.8 
Ash 72.2 Nitrogen 0.9 0.9 0.8 
Fixed Carbon 4.2 Sulphur 0.2 0.2 0.2 
   Chlorine 0.0 0.0 0.0 
   Ash 4.6 0.0 4.2 
   Oxygen 35.3 37.0 32.0 
   Moisture - - 9.4 
HHV, kJ/kg       22321 23393 20234 
LHV, kJ/kg      20938 21944 18756 
 
Experiments were carried out at three different operative temperatures: 650, 750 
and 850°C. The bed was electrically preheated at the selected bed temperature 
without feeding the fuel particles. Approaching this temperature, the fuel particles 
were continuously fed to the reactor and all the heaters were switched off. Bed 
temperature was controlled by removing heat from the bed by means of an internal 
water-cooled coil. Composition of the exhaust gas is measured by on-line sampling 
carried out with a heated probe connected to a set of continuous gas analyzers for 
measuring O2, CO, CO2, NOx. In order to determine the presence of unburned 
hydrocarbons the exhaust gas has been also collected in bags and analysed offline 
by means of a micro gas chromatograph. Thermocouples, typically K-type, and 
high-precision piezo-resistive gas pressure transducers have been adopted to 
measure the temperature and the gas pressure along the fluidization column. The 
elutriated solid fines have been collected in a cyclone, and analyzed as concerns 
their size distribution and composition. 
Combustion tests have been performed keeping constant the superficial gas 
velocity (0.5m/s) the air excess (1.6) and the bed inventory (5kg of silica sand in 
the range of 200 – 400μm). According to the ICP analysis of ashes that indicated 
the presence of alkali compounds, largely K (5026ppm) followed by Ca (704 ppm), 
Mg (326ppm) and Na (210ppm), a possible occurrence of agglomeration 
phenomena was expected. The duration of all the combustion tests has been fixed 
shorter than 200 minutes. The time has been fixed according to the agglomeration 
times previously found by Scala and Chirone [4,5] in fluidized bed combustion 
experiments carried out with a biomass of similar characteristics and operative 
conditions. 
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Figure 1. Experimental apparatus. 
 
Results and Discussion 
A preliminary analysis on the reliability of the combustion process using the olive 
husk without pelletizing treatment, has been carried out. The figure 2 reports the 
maximum particles temperature obtained considering different excess air factors 
and assuming different conversion efficiency. Calculation has been carried out on 
the basis of a simplified thermal balance, neglecting the external heat dispersion. 
Curves in figure 2 indicate that an autothermal combustion could be carried out 
operating the bed at relatively low temperatures and reasonable air excess factors. 
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Figure 2. Maximum particle temperature as function of the excess air factors. 
 
Typical concentration profiles of CO2, O2, CO and NOx at the combustor exit 
obtained, during stationary fluidized bed combustion experiments, are reported in 
Fig. 3. 
Table 3 summarizes the results of experiments carried out at the three different bed 
temperatures considered. It reports the average concentration of CO2, O2, CO NOx 
and nC4, the rate of fine elutriation (E) and the combustion efficiency (η).  
Analysis of the data shows that as expected an increase of temperature results in a 
better combustion conditions in terms of carbon efficiency and CO and unburned 
hydrocarbons. Carbon conversion efficiency of 99.8 has been obtained at 850°C 
and only few ppm of nC4 at 650°C and at 750°C and no formation of unburned 
hydrocarbon has been obtained at 850°C. The concentration of CO is strongly 
affected by the operative temperature: it decreases from 1348 to 231 ppm changing 
bed temperature from 650°C to 850°C, respectively. As regards the NOx emissions, 
results show a slightly increase with increasing of bed temperature. The elutriation 
rate slightly decreases increasing the temperature, probably due to the combined 
effects of a decreased burnout time and a decreased fuel feeding rate. Feeding rate 
was, obviously, varied for keeping constant the air excess at the different 
temperature. 
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Figure 3. Gas profile at the outlet of combustor at 650°C. 
 

Table 3. Average composition of the exhaust gas, rate of fine elutriation and 
combustion efficiency obtained in tests carried out at different temperatures. 

 

 650°C 750°C 850 °C 
NOx (ppm) 193 248 307 
CO (ppm) 1349 1026 231 
CO2 (%V) 14.3 13.7 14.0 
O2 (%V) 5.3 5.7 5.6 
nC4 12 7 0 
T (°C) 668 761 860 
Elutriation rate E (g/h) 13.5 12.4 11.2 
Combustion efficiency, - 99.1 99.3 99.8 
Feeding rate, g/h 786 726 667 

 
References 
[1] Bridgwater, A. V., Chem. Eng. J., 91: 87-102. (2003). 
[2] Chirone, R., Salatino, P., Scala, F., Solimene, R., Urciuolo, M., Combust. 

Flame 155:21-36 (2008).  
[3] Grimm, A., Skoglund, N., Bostrom, D., and Ohman, M., Energy Fuels 25: 

937–947 (2011) 
[4] Scala, F., Chirone, R., Biomass and Bionergy 32: 252 – 266 (2008)  
[5] Scala, F., Chirone, R, Energy & Fuels 20:120 -132 (2006) 
 
 
10.4405/34proci2011.III4 


