
BENCH-SCALE FLUIDIZED BED COMBUSTION OF RAPESEED MEAL 
 
 

Dan Boström1, Gunnar Eriksson2, Henry Hedman3, Christoffer Boman1, Marcus Öhman2. 
1Energy Technology and Thermal Process Chemistry, Department of Applied Physics and Electronics, Umeå University, SE- 

901 87 Umeå, Sweden. 
2Division of Energy Engineering, Department of Applied Physics and Mechanical Engineering Luleå Technical University, 

  SE-981 87 Luleå, Sweden. 
3Energy Technology Centre, PO Box 726, SE-941 28 Piteå, Sweden 

 
ABSTRACT: A byproduct of rape oil extraction is rapeseed meal. Presently the rapeseed meal mainly is utilized as 
animal feed. An interesting alternative use is, however, energy production by combustion. This study was undertaken 
to determine the combustion properties of rape seed meal and bark mixtures in a boiling fluidized bed, with emphasis 
on gas emissions, ash formation, -fractionation and -interaction with the bed material. Due to the high content of 
phosphorus in rapeseed meal the fuel ash is dominated by phosphates, in contrary to most woody biomass where the 
ash is dominated by silicates. From a fluidized bed combustion (FBC) point of view, rape seed meal could be suitable 
fuel. Considering FBC the emissions of NO and SO2 is, however, higher than most woody biomass fuels as a direct 
consequence of the high levels of nitrogen and sulfur in the fuel. Also the particulate matter emission, both submicron 
and coarser particles, is high. Again this can be attributed the high ash content of rapeseed meal. An interesting 
feature is, however, the high abundance of SO2 in the flue gas, which apparently is effective for sulfatization of KCl 
in the flue gas. A striking difference in the mechanisms of bed agglomeration for rapeseed meal compared to woody 
biomass fuels was also observed. The ubiquitous continuous layers of bed grains found in FBC combustion of woody 
biomass fuels was not observed in the present investigation. Instead very thin and discontinuous layers were observed 
together with isolated partly melted ash particles. Apparently the bed agglomeration mechanism, that obviously 
demanded rather high temperatures, involved more of adhesion by partly melted ash derived potassium-calcium 
phosphate particles/droplets than direct attack of gaseous alkali on the quartz bed grains forming potassium-calcium 
silicate rich bed particle layers.  
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1 BACKGROUND  
 
 The worldwide production of rapeseed amounted in 
2007 to 47 million metric tons in 2006, of which the total 
EU-25 production accounts for 16 million metric tons 
[1]. The total production of rape oil in Europe was in 
2006 6.1 million tons [2]. Rapeseed oil has also become 
the primary feedstock for biodiesel in Europe. Estimates 
for 2006 showed that more than 4.0 million tons of 
rapeseed oil went into biodiesel [3]. 
 The processing of rapeseed for oil production 
provides rapeseed meal as a by-product. The production 
of rape seed meal in Europe was in 2006 8.6 million tons. 
[2] This is a high-protein containing by-product, which 
mostly is employed for cattle feeding, but also for hogs 
and poultry. [3] 
 Future scenarios of the global energy markets 
plausibly involve drastic increased prices and shortage of 
renewable fuels. An interesting alternative use of 
rapeseed meal would be for energy production.  
However, the price development of rape seed meal makes 
no exception to the late trends of the agriculture products. 
Crucial for the prospect of rapeseed meal utilization for 
energy conversion purposes is of course, the 
simultaneous development of the individual trends in 
price of energy and agriculture products. 
 The literature comprising utilization of rapeseed meal 
for fuel purposes is scarce. Mainly the pyrolysis of 
rapeseed cake is described and very meager information 
of fuel and combustion properties is given. 
 Thus, the aim of the present project was to determine 
the combustion properties of rape seed meal, both as a 
pure fuel and as mixtures with softwood bark (i.e. a 
typical biomass fuel in Scandinavia) in a bench scale 
fluidized bed (5 kW), with emphasis on gas emissions, 
ash formation, -fractionation and -interaction with the 
bed material. 

2 MATERIALS AND METHODS 
 
2.1 Fuels 
 Recently a comprehensive survey of rapeseed meal 
samples from the major part of European large scale 
plants for rape oil production was performed to obtain 
typical composition and variations [4]. The heating value, 
ash content and moisture content were determined as well 
as an elemental analysis of the main and selected trace 
elements were carried out. Based on these results, a 
typical European rapeseed meal was selected for the 
present study derived from the Karlshamn plant in 
southern Sweden, which mainly uses rapeseeds from 
southern Sweden, Poland and Germany. The selected 
rapeseed meal was homogenized and stored in sacks prior 
to pelletizing. Bark was selected as a suitable and 
representative co-combustion forest (woody) fuel and 
obtained as pellets from a pellet mill in Mönsterås (Södra 
Skogsenergi AB). Ultimate analyses and concentrations 
of ash forming elements of the two fuels (raw materials) 
are given in table I. 

 
Table I: Ultimate analysis and concentrations of ash 
forming main elements in the used raw materials. Values 
represent weight percent of dry substance. 
 
  Rapeseed meal Bark 

C 46.9  52.5 
H 6.3  5.7 
N 6.4  0.40 
O 32.2  39.3 
Cl 0.03  0.02 
S 0.91  0.04 
Si 0.09  0.50 
Al 0.013  0.087 
Ca 0.721  0.743 
Fe 0.034  0.042 
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K 1.32  0.190 
Mg 0.535  0.064 
Na 0.013  0.032 

 P 1.257  0.037 
 
 The selected rapeseed meal have relative high 
contents of S (sulfur) and N (nitrogen) and the ash is 
comparatively rich in K (potassium), P (phosphorus), Ca 
(calcium) and Mg (magnesium). The softwood bark is 
relatively rich in Ca and Si (silicon). 
 Three different mixtures of the fuels (raw materials) 
were pelletized. The bark pellets were grinded and mixed 
with the rapeseed meal in two levels; 10 and 30 %wt d.s 
and subsequently pelletized. To obtain pellets with high 
durability (i.e. mechanical strength/density) from pure 
rapeseed meal proved to be difficult. Admixing cutter 
shavings improved the quality of the pellets to an 
acceptable degree. By measuring the ash content of the 
pellet, the admixture of cutter shaving was estimated to 
20%wt. Since the ash content of rapeseed meal and cutter 
shavings were 7.4 and 0.3 %wt respectively, the fuel ash 
composition of the resulting pellet was totally dominated 
by the rapeseed meal (99% of the ash). Therefore, the 
pellets containing 80 %wt rapeseed meal and 20%wt cutter 
shavings will hereafter be denoted rapeseed meal pellet. 
In addition, pure bark pellets were also combusted as a 
reference fuel. The elemental analysis of the produced 
pellet is given in table II. 
 
Table II: Ultimate analysis and concentrations of ash 
forming main elements of the produced pellet 
assortments. Values represent weight percent of dry 
substance. RM=rapeseed meal. 
 
 bark 10% RM 30% RM RM 

  in bark in bark  
C 52.5 51.9 50.8 47.9 
H 5.7 5.8 5.9 6.2 
N 0.4 1.0 2.2 5.1 
O 39.3 38.6 37.2 34.1 
C 0.02 0.02 0.02 0.02 
S 0.04 0.13 0.30 0.73 
Si 0.50 0.46 0.38 0.08 
Al 0.09 0.08 0.07 0.01 
Ca 0.74 0.74 0.74 0.59 
Fe 0.04 0.04 0.04 0.03 
K  0.19 0.30 0.53 1.06 
Mg 0.06 0.11 0.021 0.43 
Na 0.03 0.03 0.03 0.01 
P 0.04 0.16 0.40 1.01 

 
2.2 Combustion 
 The combustion experiments were performed in a 
bench-scale fluidized bubbling bed (5 kW). All four 
different pellets assortments were fired. The bed material 
consisted of quartz sand (> 98% SiO2) with a particle size 
of 200-250 µm. At each experiment 540 g bed material 
was used. All fuels were combusted at a bed temperature 
of 800°C during 8 hours, corresponding to a total amount 
of fuel of 5 kg/experiment. The temperature in the 
freeboard was 800±15°C. The temperature was controlled 
via individual regulation of the wall heating sections. 
During the entire combustion period the fluidizing 
velocity was kept ten times higher than the minimum 
fluidizing velocity, corresponding to about 1 m/s.  
 During the experiments, continuous measurements of 
O2, CO, CO2, SO2, NO and HCl in the flue gases were 

carried out with electrochemical sensor for O2 and 
Fourier transformed infrared (FTIR) spectroscopy for the 
other gases. Total particulate matter (PMtot) mass 
concentrations were determined by isokinetic sampling 
using conventional equipment with quartz fiber filters. To 
determine the PM mass size distribution a 13-stage low-
pressure cascade impactor (LPI) from Dekati Ltd was 
used, that separates particles according to aerodynamic 
diameter in the interval of 0.03-10 µm. Isokinetic 
sampling was carried out in the flue gas channel at a 
temperature of about 160 °C. The impactor was heated to 
about 120 °C during the sampling. Aluminum foils (not 
greased) were used as substrates in the impactor. 
 The oxygen concentration in the flue gas was in 
average 8-10 % (dry gas) and the CO levels varied 
between 100 and 200 ppm (average values for each 
experiment). Bed samples were collected after 8 hours 
combustion with an air-cooled cyclone. After each 
experiment, all bed material/agglomerates were collected. 
An air-cooled deposition probe with test rings of stainless 
steel, simulating super heater tube surfaces, were used to 
collect deposits in the freeboard. The metal temperature 
of the steal rings was measured by thermocouples and 
regulators controlled the flow of cooling air on the inside 
of the test ring. During all experiments, the ring surface 
temperature was set to 450 °C and the exposure 
(sampling) time was 6 h. 
 
2.3 Analysis of bed material, -agglomerates, deposits and 
particles 
 Bed samples and agglomerates were analyzed with 
scanning electron microscopy (SEM) and energy 
dispersive X-ray analysis (EDS) to determine the 
morphology and elemental composition on eventual bed 
particle layers and individual ash particles. This was done 
in order to determine any difference in chemical 
characteristics of the bed grain layers for the different 
fuel assortments. The samples were mounted in epoxy, 
cut and polished before elemental analysis and 
determination of thickness of the layers with SEM/EDS. 
The deposits formed on the test rings were also analyzed 
by a number of area analyses (100x100 µm) to obtain 
good reproducibility. The fine (< 1µm) mode particles 
deposited on the impactor stages 4, 5 (and occasionally 
also 6), i.e. geometric mean diameter (GMD) of 0.19, 
0.32 and 0.52, respectively, and the coarse (> 1µm) mode 
particles on impactor stage 10 (GMD 3.3 µm) and in 
some cases stage 12 (GMD 8.7 µm), were analyzed by 
several area analyses (100x100 µm) by SEM/EDS.  
 
 
3 RESULTS 
 
3.1 Bed agglomeration tendencies  
 The determined initial de-fluidization temperature of 
the various experiments is given in table III. Previously, 
this method has been demonstrated to determine the 
initial de-fluidization temperature with a precision of 
±5°C (standard deviation) [5]. The pure bark and 
rapeseed meal pellets resulted in agglomeration 
temperatures clearly above normal bed temperatures in 
fluidized beds while the mixed pellets resulted in 
agglomeration temperatures slightly above these 
temperatures. 
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Table III: Initial de-fluidization temperatures for the 
different fuels. 
 
 Initial defluidisation temperature (oC) 
bark >1015 
10% RM in bark 965 
30% RM in bark 930 
RM 1020 
 
3.2 Chemical characteristics of bed material and 
agglomerates 
 In figure 2a, a number of typical bed grains after 8 h 
combustion of pure rapeseed pellets are shown. In 
general, the bed grain layers are thin and non-continuous. 
On a few grains, thicker but still non-continuous layer, 
were observed, as seen in e.g. figure 2a. An average of 
six spot analyses (SEM/EDS) of this layer is given in 
table IV. The layer consisted of Si, Ca, P, K, Mg and O. 
In figure 2b, a round ash particle adhered to a quartz bed 
grain is shown. The composition of this ash particle is 
given in table IV. Between the quartz bed grains, a 
number of individual fuel ash derived particles, were 
found. Two typical examples are given in figure 2c and 
2d. The composition of these particles is given in table 
IV. 
 Previously comprehensive analysis of quartz bed 
grain layers from bark combustion under similar 
conditions have pointed out continuous bed grain layers 
consisting of an outer part with a composition close to the 
fuel ash and an inner part dominated by Si, Ca and K (see 
figure 2e) [6, 7, 8]. 
 
2a 

 
 
2b 

 
 
 
 
 

2c 

 
 
2d 

 
 
2e 

 
 
Figure 2: Typical quartz bed grain layers (2a and 2b) and 
individual ash particles found in the bed (2c and 2d) 
during combustion of rapeseed meal and typical quartz 
bed grain layers formed during combustion of bark (2e). 
 
Table IV: Elemental composition of formed quartz bed 
grain layers and individual ash particles during 
combustion of rapeseed meal. 
 
 bed grain ash ash ash
 layer1 particle 12 particle 23  particle 34 

Mg 9 16 13 16 
Si 48 20 20 20 
P 16 28 27 25 
S 1 1 2 3 
Cl 0 0 0 0 
K 7 26 27 27 
Ca 19 9 11 9 
1 Average of six spot analyses on the coating of the 

 bed grain situated at the center of figure 1a. 
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2 Area analysis of a "spherical" ash particle on a bed 
 particle in figure 1b. 

3 Area analysis of a single ash particle in figure 1c. 
4 Average of five spot analyses on an ash particle in 

figure 1d. 
 
3.3 Gas emissions 
 The NO emissions for the different fuels are given in 
table V. The NO emissions were roughly doubled for 
rapeseed meal compared to bark. The emissions of SO2 
and HCl are also given in table V. Low HCl 
concentrations were obtained for all fuels. Combustion of 
pure rapeseed meal resulted in relative high SO2 
emissions, though only about 20% of available sulfur 
formed SO2.  
 
Table V: Emissions of gases and PMtot, given as mg/Nm3 
at 10% O2 dry gas. 
 
  NO HCl SO2 PMtot 
bark 250 3  4 780 
10% RM in bark 360 <1  1 610 
30% RM in bark 330 <1  38 1210 
RM  520 1  270 1410 
 
3.4 Particle emissions 
 The particle emissions showed a distinct bimodal 
mass size distribution, with a fine and coarse mode, as 
seen in figure 3. The results showed a clear increase in 
the mass of fine as well as coarse particles for the pellets 
containing rapeseed meal. The fine particles from 
combustion of bark pellets contained mainly K, Cl, S and 
Ca (see figure 4). Ca is normally not present in any 
higher amounts in the fine mode. All rapeseed meal 
containing pellets resulted in a reduction of Cl in the fine 
particles which mainly consisted of K and S. The phase 
composition of these fine particles (see table VI) 
constituted mainly of potassium sulfate. 
 The elemental composition of the coarse particle 
fraction from combustion of pure bark pellets was 
dominated by Ca, Si, Mg (see figure 5). Crystalline 
phases that could be identified were mainly CaSO4 and 
CaCO3 (see table VI). Upon admixing rapeseed meal the 
coarse particles is dominated by Ca, P, K, Mg and Ca-
Mg-K-phosphates and Ca-K-phosphates were identified. 
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Figure 3: Particle mass size distributions in the flue 
gases during combustion of bark, 10 % RM in bark, 30 % 
RM in bark and RM. 
 
 

 
3.5 Formed deposits 
 The deposits on the cooled sond consisted of both 
fine and coarse particulate material for all fuels. The fine 
mode fraction contained material composed of K, Cl and 
S.  The coarse mode fraction from pure bark contained 
Ca and Si (see figure 6). The fine mode fraction from 
combustion of rapeseed meal containing pellets showed 
higher concentration of S and lower concentration of Cl 
compared to the fine mode fraction from bark. Crystalline 
phases identified in the deposits are given in table VI.   
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Figure 4: Elemental distribution on Al-, C- and O-free 
basis (mole-%) of the fine mode particles (impactor stage 
4, GMD 0.19 µm, or stage 5, GMD 0.32 µm) sampled 
during combustion of bark, 10% RM in bark,  30% RM 
in bark and RM.   
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Figure 5: Elemental distribution on Al-, C- och O- free 
basis (mole-%) of the coarse mode particles (impactor 
stage 10, GMD 3.3 µm) sampled during combustion of 
bark, 10% RM,  30% RM in bark and RM.   
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Figure 6: Elemental composition of deposits on the sond 
rings on O- and C-free basis at combustion of bark, 10% 
RM in bark, 30% RM in bark and RM.  
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Table VI: Phases identified with XRD in fine-, coarse 
particle matter and in sond ring deposits at combustion of 
bark, 10% RM in bark, 30% RM in bark and RM. 

 

 Bark 10% RM 30% RM RM* 
  in Bark in Bark  
FM1 a K2SO4 a K2SO4 
 KCl 
   
CM2 CaSO4 a Ca2KP3O10 Ca2KP3O10
 CaCO3  W W 
   K2SO4 K2SO4 
   Ca2SO4 Ca2SO4 

 
DP3 CaCO3 CaCO3 W K2SO4 
  Ca2SO4 K2SO4 CaMgPO4 CaMgPO4 
  KCl KCl Ca2SO4 CaK2P2O7 
   W K2SO4 W 
   CaMgPO4 KCl Ca2SO4 
   SiO2 CaCO3 
   MgO   
1 Fine particulate matter (impactor stage 4, GMD 0.19 
µm, or stage 5, GMD 0.32 µm)  
2 Coarse particulate matter (impactor stage 10, GMD 3.3 
µm) 
3 Deposits on the air-cooled sample sond rings 
a: available sample to scarce to admit XRD analysis. 
W: Ca9MgK(PO4)7 (Whitlockite) 
 
 
4 DISCUSSION 
 
4.1 Bed agglomeration tendencies 
 The tendency for bed agglomeration combusting 
rapeseed meal are lower than for the majority of biomass 
fuels that previously have been studied with the same 
methodology as in this work (see table VII). The 
bark/rapeseed meal mixtures show an agglomeration 
tendency equal to forest residues fuels. However, the bed 
grain layer formation processes and thus the bed 
agglomeration mechanism displays a marked difference 
compared to the combustion of woody fuels. Without 
exception, in the latter case, a layer around the quartz 
grain forms that initially is K-rich, but that with time will 
contain more Ca. An interpretation of the course of 
events causing this is that K in the fuel will vaporize 
already in the fuel particle and to some extent react with 
Si in Si-rich fuels (e.g. straw fuels) to a sticky melt that 
will adhere to the quartz bed grains. However the main 
layer formation process during combustion of woody 
fuels involves a direct attack/reaction of vaporized K 
with quartz bed grains. Simultaneously, refractory oxides, 
mainly CaO and MgO, will react with this melt and rise 
the melting temperature, thus reducing the stickiness of 
the layer. [6] In the present case, with rapeseed meal, the 
ash is dominated by phosphates, in contrast to the case of 
woody fuels where the ash is dominated by silicates. A 
remarkable observation in the present combustion 
experiments is the absence of the thick continues layers 
of the quartz bed grains frequently observed in 
combustion of woody biomass fuels [5, 6, 7]. Our 
interpretation is that K, P and Si in the rapeseed meal fuel 
(which contains proportionately high levels of K and P) 
initially will react during the burn out of the single fuel 
particle under formation of K-phosphate rich ash 

particles, probably melted. Subsequently these will react 
further with CaO(s) and MgO(s), formed earlier in the 
fuel particle during the continuation of burn out phase, 
causing a rise of the melting temperature of the  ash 
particles. Apparently, the K-capturing ability of P is 
efficient enough to decrease the concentration of K-vapor 
left for reaction with the quartz bed grains to 
comparatively low levels. Decisive for this mechanism is 
naturally the high affinity of P for K. Thus, in a system 
containing K, P, S, Cl and Si, and assuming chemical 
equilibrium, primarily P will react with K to a K-
phosphate. If a surplus of K exists K-sulfate will form 
and so on. This description is of course a simplification in 
several aspects but is assumed depict the main features of 
the most plausible scenario. The K- and P- rich ash 
particles that also have incorporated some Ca and Mg, 
are probably at least partly melted at the temperatures of 
BFB. An interpretation of available relevant phases 
diagrams for the actual compositions gives eutectic 
temperatures around 800°C. Obviously, some Si has also 
solved in the melted fraction (see figure 2 and table IV). 
These ash particles will occasionally stick to the bed 
grains, but will probably only react to a comparatively 
low extent with the quartz bed grain. Thus, a non 
continues coating will form on the bed grain. 
 In the mixed pellets significantly lower initial 
defluidisation temperatures were observed. In the ashes 
of these fuel mixtures comparable amounts of both 
phosphates and silicates are present. A common physical 
chemical phenomenon is lowering of melting point of 
mixed systems.  The lowered bed agglomeration 
temperatures determined for the mixed pellets in the 
present study indicated an interaction between the 
phosphate and silicate systems. 
 
Table VII: Resulting initial de-fluidization temperatures 
for different fuels in quartz bed combustion at similar 
conditions 
 
 ITD1  
bark4 >1015 
10% RM in bark4 965 
30% RM in bark4 930 
RM4 1020 
wheet straw 7502 

salix 9002 
logging residues 9602 

reed canary grass 920-9703 

olive stone 9303 

peat >10203 
RDF 9903 
bagasse 9953 
lucerne 6703 
 
1 Initial defluidation temperature (°C) 
2 Öhman et al 2006 [4] 
3 Skrifvars et al 1999 [9] 
4 Present study 
 
 4.2 Particulate emissions 
 The total particulate emission when combusting pure 
rapeseed meal was relatively high, about 2 times higher 
compared to combustion of bark and about 10 times 
higher than for combustion of pure wood (see table V).  
The determining factor for submicron particulate matter 
formation in the flue gas of biomass combustion is the 
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abundance of K. The concentration of K in rapeseed meal 
is about 5 times higher than in bark. In addition the K-
capturing ability of the two different fuel ashes has to be 
paid attention to. In view of this, the large relative 
increase of fine particles mass for rapeseed meal is not 
surprising (see figure 3). As can be seen in figure 4 and in 
table IV, the fine mode almost entirely consists of K-
sulfate. The initial content of sulfur in the fuel is three 
times higher than the content of K. Further, in contrast to 
K, practically all S in the fuel will vaporize. Thus, 
probably a substantial surplus of S in relation to K will be 
present, available for sulfatization reactions of potassium-
chloride. That this has taken place is evident from figure 
4 and table IV. However, the major part of the total 
particulate emission from combustion of rapeseed meal 
consisted of coarse particles (> 1µm) (see figure 3).  In 
view of the relatively high gas velocities of a BFB, this is 
not surprising. At the burn out of the fuel particles 
fragments of residual ash are formed (see e.g. figure 2), 
rich in P, Si, K, Ca and Mg. As discussed in 4.1, a 
lowering of the melting temperature of the ashes for the 
mixed fuels is plausible. This may be the reason for the 
increased coarse particle emission of the mixed fuel 
pellets (see figure 3). Two phosphates, Ca2KP3O10 and 
Ca9MgK(PO4)7 and two sulfates, K2SO4 and CaSO4, was 
identified in this fraction (see table VI). The elemental 
composition of the particulate deposits on the air cooled 
sond rings resembled the composition of the coarse mode 
but the XRD phase analysis revealed a more 
heterogeneous mixture of compounds. Both typical 
coarse and fine mode phases together with characteristic 
bottom ash phases were present (see table VI).   
 
 
5.    CONCLUSIONS  
 
 The emissions of NO in the combustion of  
 rapeseed meal are higher than most woody 
 biomass fuels as a direct consequence of the high 
 levels of nitrogen. The relative high emission of 
 SO2,  is related to high content of sulfur, but is 
 also depending on the high phosphorus content of 
 the fuel.  The latter due to the high potassium 
 affinity phosphor. 
 Also the for particulate matter emission, both 
 fine (< 1 µm) and coarser particles (> 1 µm), is 
 high which generally can be attributed the high 
 ash content of  rapeseed meal.   
 The abundant occurring phosphorus will react 
 with potassium, preventing the latter from 
 attacking the quartz bed grains. In this way, 
 considerable amounts potassium is captured in 
 the bed ash and in the coarse particle fraction as 
 K-Ca-Mg-phosphates/silicates . 
 A clear difference in the bed agglomeration 
 mechanisms between phosphorus rich fuels in 
 this study and  phosphorus poor biomass fuels 
 was observed. The ubiquitous continuous  
 layers of bed grains in FBC combustion of 
 woody biomass fuels was not seen in the 
 present investigation. Instead very thin and 
 discontinuous layers were observed together with 
 isolated partly melted ash particles. The latter 
 could occasionally be seen as adhered to the 
 quartz bed grains. Apparently the bed 
 agglomeration mechanism, that obviously 
 demanded rather high temperatures, involved 

 more of adhesion by partly melted ash derived 
 potassium-calcium phosphate particles/droplets 
 than direct attack of gaseous alkali on the quartz 
 bed grains forming potassium-calcium silicate 
 rich bed particle layers. 
 The bed agglomeration temperatures of the 
 bark/rapeseed mixtures were lower than for the 
 pure fuels and the coarse particle emissions were 
 higher than for the pure fuels. This implies that at 
 the fluidized bed temperatures, an interaction 
 between the phosphate and the silicate systems 
 probably exists, that lowers the melting 
 temperature of the ash. 
 The tendency for bed agglomeration combusting 
 rapeseed meal was lower compared to other 
 agricultural fuels. Thus, rapeseed meal is a fuel 
 that could be attractive from a bed agglomeration 
 point of view. Furthermore, the surplus of sulfur 
 in the fuel could possibly be used to reduce the 
 KCl content in the flue gas. 
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