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Abstract 

On-line monitoring of agglomeration in fluidised bed 

boilers 

Combustion in fluidized beds has several benefits, but a potential problem is bed 

agglomeration causing defluidisation. The most used counter measure is to regularly 

renew the bed material, inferring costs for new sand and deposition of spent material. 

For an adaptive optimization there is a need of a method which indicates when bed 

agglomeration is initializing, before it is too late to counteract. 

In this project, the conductivity of fluidized beds has been measured by a novel in-situ 

probe. The probe has been tested in a fluidized bed of sand and ashes at temperatures 

up to 1000°C. In addition, the probe has been tested in a fluidized bed while burning 

different fuels. 

The results show that the conductivity of the bed increases with temperature and 

concentration of ash. The conductivity varies strongly between different fuels. The 

signal from the probe reacts strongly to the onset of severe bed agglomeration, but it is 

hard to find any consistent tendencies that can be applied to predict it.  
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Summary 
Combustion in fluidised beds has several benefits, such as a well-controlled combustion 

temperature, wide fuel flexibility and a furnace without moving parts. A potential 

problem with this combustion technique is that agglomeration of particles in the 

fluidised bed may cause defluidisation which implies expensive unscheduled shutdown 

of the boiler to remove the sintered bed. The risk of such agglomeration processes to 

develop depends mainly on the chemical composition of the ash, the concentration of 

ash in the bed and the temperature. 

The chemical processes involved are generally complex and hard to predict accurately. 

The most used counter measure is to renew the bed material in the bed by draining the 

spent bed material, mixed with ash, while adding fresh sand. This infers costs both for 

the new sand and deposition of spent material. The renewal rate applied is thus a trade-

off between costs and the risk of bed agglomeration. If a boiler operates with a 

homogeneous fuel that changes little over time, an appropriate renewal rate can be 

found by trial and error. However, it is becoming more and more common to co-fire 

different waste fractions and alternative bio-fuels in the boilers, depending on the 

market prices. Such alternative fuels often increase either the need of bed renewal or 

enhance the risk of bed agglomeration. 

There is at present no established method to optimize the bed renewal rate that adapts 

to variations in the fuel mixture being burnt. Instead, boiler operators usually favour 

risk minimization which leads to unnecessary high sand consumption. To enable an 

adaptive optimization there is a need of a measuring method which indicates when bed 

agglomeration is initializing, before it is too late to counteract the process. 

In the present work, the focus is on the possibility of supervising the status of the 

fluidised bed on-line by measuring the conductivity of the bed material using an in-situ 

probe. A probe has been designed and manufactured within this project. The probe has 

been tested in lab-scale fluidised beds of sand mixed with different ashes while 

externally heated until either agglomeration occurs, or the bed reaches 1000°C. In 

addition, the probe has been used in a fluidised bed while burning different fuels at 

constant temperature. 

The results show that the conductivity of the bed increases with temperature as well as 

concentration of ash in the bed. The conductivity increases significantly in case of 

severe bed agglomeration. The conductivity varies strongly between different fuels, 

which implies that there is no simple threshold of conductivity at which the status of 

the bed is critical. By studying the trend of the signal from the probe, it is possible to 

detect the onset of severe bed agglomeration at about the same time as indicated by 

pressure measurements. Unfortunately, from the tests performed it is not 

straightforward to find a criterion that can be used to predict severe bed agglomeration.  
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1 Background 
A considerable number of heat and power plants in the Nordic countries utilizes 

combustion in fluidised beds. In such boilers, the bed of sand particles is fluidised by 

the primary air fed though nozzles in the bottom while fuel is fed into the bed. During 

operation, the bed consists of sand, fuel, ash and gases. The great mass of sand acts as a 

heat reservoir, enabling control over the combustion temperature. The motion of solid 

material during fluidization ensures good mixing of the fuel introduced as well as rapid 

heating of individual fuel particles. The homogeneous temperature in the bed is one 

important advantage of the fluidised bed concept. Fluidised beds can be used for many 

different fuels, which is another advantage. 

The concentration of ash in the bed increases over time. The ash is present as 

individual particles but can also form coatings on the sand particles. This outer layer 

may become sticky, depending on the chemical composition and temperature. Sand 

particles with sticky surface layers may grow into larger agglomerates when bonding 

together through collisions. Such agglomerates can grow quickly and cause partial or 

total defluidisation of the bed. Such a scenario leads to an expensive unscheduled 

shutdown of the boiler to remove the sintered bed after cooldown. This problem is well 

known for operators firing waste and biomass fuels. 

A common counter measure to bed agglomeration is to arrange for an intermittent 

drainage of spent bed material while feeding fresh sand. The resulting sand 

consumption can become quite high in biomass fired heat and power plants, sometimes 

reaching a complete bed renewal every 48 hours. The drawback is a considerable cost 

for the fresh sand, logistics and deposition of spent bed material. In future it will 

probably not be allowed to get rid of spent bed material in landfills [1]. On the other 

hand, too low bed renewal increases the risk of a total bed defluidisation, which also 

infer considerable costs of labour and loss of income from heat and power produced. 

The applied bed renewal rate is thus balanced between the risk of severe bed 

agglomeration and the cost of the bed material. The bed renewal rate needed to avoid 

agglomeration problems depends on several factors, such as fuel properties, bed 

material properties and combustion temperature.  

There are other means to lower the risk of bed agglomeration, such as lowering the bed 

temperature, using additives or use alternative bed material [2]. Such measures, if 

applicable, do not usually suffice to avoid the prospect of bed agglomeration but will 

delay its occurrence [3]. 

As the demand and price of wood fuels increase, the plant owners are forced to search 

for alternative cheaper fuels. Examples of alternative fuels are straw, Salix or 

demolition wood. Such alternative fuels often contain more ash than common wood 

chips, which increase either the need of bed renewal or enhance the risk of bed 

agglomeration. 

There is at present no reliable adaptive method to optimize the renewal rate. In 

practice, boiler operators usually favor risk minimization which can lead to 

unnecessary high sand consumption. To enable an adaptive optimization of bed 

renewal rate there is a need of a measuring method which can indicate to the boiler 

operators when bed agglomeration is initializing in the bed, before it is too late to 
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counteract the process. Conventional pressure transducers and thermometers are 

normally used to monitor the combustion process in the bed. They do, however, in 

most cases not indicate bed agglomeration until the process has become irreversible. A 

severe case of defluidisation of the bed can be indicated by increased temperature 

differences in the bed and reduced pressure drop over the bed.  

A lot of research has focused on the complex chemical mechanisms driving the 

agglomeration process, reviewed by Morris et al [4]. In the present work, the focus is 

instead on the possibility of supervising the status of the fluidised bed on-line by an 

innovative method. The property studied is the conductivity of the bed material as 

measured by an in-situ probe. The conductivity is inversely proportional to the 

resistivity. 

The few reported measurements of resistivity of fluidised beds shown that the 

resistivity increases with the degree of fluidization because the contacts between 

particles are reduced [5-8]. Increased temperature leads to reduced resistivity as the 

mobility of ions increase. In the published studies, bed material of low resistivity has 

been used because their motives were completely different than for this study.  

The underlying hypothesis, for the possibility to monitor bed agglomeration tendencies 

by the conductivity, is that the bed could show a significantly increased conductivity 

when the bed particles get covered by a sticky outer layer of molten salts. If this change 

is detected early in the agglomeration process, it could be used by operators to make 

counter measures in time to avoid severe agglomeration.  

 

1.1 Bed agglomeration 

The agglomeration of bed material can be defined as the formation of particles 

considerably larger than the original bed material. The term ‘bed sintering’ is 

sometimes used to describe severe cases of bed agglomeration. 

The formation of small agglomerates in a fluidised bed often results in reduced 

fluidisation, which affects the combustion process negatively. The formation of larger 

agglomerates results in lost fluidisation altogether. Frequently, it starts with lost 

fluidisation in local zones of the bed. Reduced, or lost, fluidisation, lessens the heat 

transfer between fuel particles and the bed material leading to the formation of local 

hot spots in the bed, which further accelerates the process. If not counteracted, the 

process may snowball into a complete bed sintering. 

In a fluidised bed furnace, the bed agglomeration is caused by the ash from the fuel, 

which forms a sticky melt that binds the bed particles into agglomerates. In general, the 

risk of bed agglomeration increases with the fraction of melted ash in the bed. The 

chemical compositions of melts vary widely, depending on the properties of the fuel 

and bed material used. This implies that the critical temperature for bed agglomeration 

varies significantly between fuels [9]. 

The complex chemistry that govern the process of bed agglomeration can be simplified 

by identifying two main mechanisms [10], [3]:  



7 

© RISE Research Institutes of Sweden 

1. Glue effect from melted salts originating from the ash (melt induced 

mechanism). 

2. Chemical reactions between the ash compounds and the bed material forms a 

sticky surface on the surface of the particles (coating induced mechanism).  

The melt induced mechanism (1) leads to a more rapid agglomeration process than the 

coating induced mechanism (2). But, the melt induced mechanism occurs only for 

ashes with chemical compositions that form melts on its own at temperatures lower 

than the bed temperature (typically for straw and herbaceous biomass). On the other 

hand, the coating induced mechanism is present for most biomass fuels, although to a 

highly varied degree. 

The melt induced mechanism (1) for bed agglomeration is strongly coupled to the ash 

concentrations of the metal ions of Na, K, Ca and Mg [11]. The salt forming counter ions 

are most commonly S, P, Cl and C. However, Cl does not usually play a major part in 

bed agglomeration because it shows rather high volatility, implying that most Cl leaves 

the bed with the flue gas flow. Phosphates and sulphates are more common. 

The bed material used in heat and power generating boilers is usually natural sand of 

appropriate particle size, consisting mainly of SiO2, which is susceptible to alkaline 

reactions. That can lead to the formation of coatings of alkali silicates of low melting 

temperature on the surfaces. The most common coatings causing bed agglomeration 

are based on some form of potassium silicate. The coatings often also contain calcium 

and sodium [11]. The concentrations of these additional elements can affect the melting 

temperature significantly. Uncertainties regarding the reactivity of the quartz in the bed 

particles makes it very hard to predict the sintering temperature from a given ash 

analysis. In case no new sand is added to the bed, the concentration of ash constituents 

will increase over time which increases the risk of bed sintering. When a bed sintering 

occurs, the concentration of molten material has reached a critical level. Unfortunately, 

this critical level is unknown and very difficult to measure. 

Adding fresh sand to the bed dilutes the ash and reduces the alkaline concentration in 

the bed. This delays the process of bed agglomeration as it takes time to build up 

enough alkaline concentration to form alkali silicates on the surfaces of the bed 

particles. Consequently, bed agglomeration problems often occur after a certain time of 

operation. 

When the bed agglomeration is caused by the coating induced mechanism it can 

possibly be counteracted by the choice of bed material. Whereas, if the agglomeration is 

caused by molten salts from the ashes, the chemical properties of the bed material are 

more or less inconsequential. 
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2 Method 

2.1 Probe design 

The probe consists of a 500mm long and 15mm in diameter tube of Khantal® AF. In 

this tube two 1.5 mm thermocouples type K with a sheath of Inconel® 600 are inserted 

to act as electrodes. The electrodes are individually electrically insulated with a 

Rubalit® 99.7% Al2O3 tube and shielded with another Kanthal® tube to prevent 

electrical interference. The hot end of the probe is sealed with a ceramic fibrous 

compound. The cold end is sealed using shrink wrap tubing with a small hose added for 

flushing gas. A small flow of flushing gas, about 100ml/min, is used to protect the 

probe from being contaminated by tars and other matter that may influence the 

conductivity. 

 

Figure 1.  Probe tip detail. 

 

One electrode act as negatively charged hot cathode, the other as a receiving anode. 

Due to the temperature in the bed, the cathode emits thermionic electrons, that 

coupled with the conductance of the sand bed particles, starts a flow of electrons to the 

anode. The anode is kept at ground potential by inducing an equal opposite current 

from an operation amplifier IC. This current is converted by the operation amplifier to 

a voltage signal and then sent to a computer logging device. By keeping the anode at 

ground potential, the influence of stray electrical currents is minimized and only the 

exposed tip is subject to electron capture. 

 

Figure 2.  Simplified electrical scematic. 
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2.2 Experimental set-up 

The experiments with the test probe were conducted in two separate lab-scale fluidised 

bed reactors of different designs. 

The reactor used for the initial tests was the smaller reactor, EHR, outlined to the left in 

Figure 3. This reactor vessel consists of a vertical steel tube of alloy 253MA with an 

inner diameter of 7 cm and a height of about 1.5 m. The reactor tube is surrounded by 

an electrically heated oven with three individually controlled temperature zones along 

the height of the reactor. The fluidisation gas, controlled by mass flow regulators, is 

introduced through the bottom of the reactor. The gas flows upwards in the reactor 

while being heated until it reaches the air distributor about halfway up the reactor. The 

air distributor is made of a perforated steel plate which is welded to the inner wall of 

the reactor tube. The fluidised bed rests upon the air distributor and is marked by 

yellow in the simplified sketch in Figure 3. There is a measuring port through the 

reactor wall for the test probe to be inserted into the fluidised bed. Fuel can be fed into 

the bed by a vibrator feeder placed on top of the reactor. The fuel is dropped down to 

the fluidised bed by gravity. This reactor has the advantage of external temperature 

control, implying that no combustion is required to reach a certain reactor 

temperature. It also allows for temperature ramping. 

The other fluidised bed reactor used, CCR, is a notch larger with an inner diameter of 

10 cm and a height of 3 meters, see to the right in Figure 3. This reactor is also basically 

formed as a vertical tube. Primary air is injected through an air preheater below the air 

distributor upon which the fluidised bed rests. Fuel is fed on top of the bed by a screw 

feeder. The lower part of the reactor is refractory lined. Secondary and tertiary air are 

injected at different heights above the bed. The air preheater is not powerful enough to 

heat the fluidised bed to the operational temperature by itself. Therefore, during a 

start-up sequence, the bed is heated by a gas burner to reach operational temperature 

prior to the onset of the solid fuel feeding. The bed is equipped with a water-cooled 

tube coil to transfer heat from the bed if required to avoid excessive temperatures. This 

reactor is used for continuous combustion experiments, and it is equipped with several 

ports for test probes. 

During the experiments, the signals from the test probe, manometers and 

thermocouples were recorded by a PC at a sampling rate of 1 Hz, which was the upper 

limit of the INTAB® logger used. It is possible that additional information about the 

conditions of the fluidised beds could have been obtained by spectral analyses of the 

signals, but that would have required a logger permitting a higher sampling rate. 
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Figure 3.  Outlines of the fluidised bed reactors used in the experiments. Left) The externally 
heated lab reactor, EHR.  Right) The reactor used for continuous combustion tests, CCR. 

 

 

 

2.3 Fuels 

The fuels used in the experiments were pellets made of: 

• Wood 

• Straw 

• Demolition wood 

• Poplar 

Examples of chemical analyses of these fuels are listed in Table 1. A quick comparison 

shows that wood has by far the lowest ash content, implying that this fuel can be burnt 

for a relative long time in a fluidised bed before reaching critical concentrations of 

alkali compounds. The straw contains a large amount of potassium which may cause 

problems with agglomeration. The temperature at which the ashes melt depends on the 

relative concentrations of elements rather than absolute values. Predictions of melting 

temperatures can be made from the ash compositions by chemical equilibrium models. 

Such calculations, however, were outside the scope of the present project. 
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Table 1.  Chemical analyses of fuels used (w.b. – wet basis, d.b. – dry basis). 

 

 

3 Results 

3.1 Tests in fluidised bed without combustion 

The initial test of the novel probe was made in the externally heated lab-reactor, EHR, 

loaded with 250 g of virgin Baskarp natural sand (size B35). The bed was fluidised by a 

gas mixture of 15 vol-% carbon dioxide (CO2) in nitrogen (N2) at a total gas flow of 10 

normal litres per minute. The temperature was raised by the external electrical heaters 

at a rate of 5°C/min, starting at 700°C. The signal from the probe during the 

temperature ramp is shown in Figure 4 (A), as a blue line. As described in chapter 2.1, 

the voltage of the output signal is proportional to the conductivity of the fluidised bed. 

The signal’s dependence on the temperature was fitted to a polynomial of the third 

degree, yielding the result of the red line. It can be noted that the signal fluctuates 

significantly and that signal average and the fluctuations increase with the temperature. 

The heating of the reactor was switched off when the reactor had reached a temperature 

of 1000°C. 

Wheat Straw Wood Poplar
Demolition 

wood

Moisture content  wt% w.b. 8,8 7,9 8,4 11,0

Ash content  wt% d.b. 4,3 0,3 2,2 6,7

C wt% d.b. 47,5 50,7 49,5 48,1

H wt% d.b. 5,8 6,1 6,0 5,7

N wt% d.b. 0,44 <0,1  0,27 1,20 

Gross calorific value kJ/kg d.b. 18 880  20 080  19 600  19 320  

Cl  mg/kg d.b. 2090 64 75 900

S  mg/kg d.b. 717 52 384 800

Si  mg/kg d.b. 9460 166 211 14400

Al  mg/kg d.b. 145 25 31 2600

Ca  mg/kg d.b. 2860 811 6010 5100

Fe  mg/kg d.b. 117 28 55 3500

K  mg/kg d.b. 8450 414 3070 1500

Mg  mg/kg d.b. 767 131 554 1100

Mn  mg/kg d.b. 22 134 9 200

Na  mg/kg d.b. 42 15 20 1700

P  mg/kg d.b. 638 55 873 100

Zn  mg/kg d.b. 7 9 42 550
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Figure 4.  A) The signal from the probe, B) the pressure over the fluidised bed, and, 
C) the temperature of the bed. In this test the fluidised bed consisted of sand only. 

 

The next trial used a bed material consisting of ashes from demolition wood and sand. 

The results are shown in Figure 5, which has the same format as Figure 4. In the top 

graph (A), the probe signal (blue) is compared to what would have been expected from 

a bed of pure sand (red). Obviously, the signal is much stronger in this case when the 

bed also contains ashes. It seems likely that the conductivity of the bed increased by the 

ash fraction. The pressure over the bed is initially falling slowly, probably due to 

elutriation of fine ash particles. During the period between 100 and 107 minutes the 

pressure falls rapidly, which is caused by a gradual loss of fluidisation of the bed due to 

severe bed agglomeration. Judging from the pressure, it is obvious that severe 

agglomeration has started at about 105 minutes when the bed temperature is 832°C. A 

closer look of the probe signal is given by Figure 6, in which the green line represents 

the measured unfiltered signal while the blue line is a calculated moving average of the 

last 60 samples. The moving average of the signal increases with the temperature until 

97 minutes in the figures (at which T=795°C), thereafter the signal falls until 106 

minutes. At this point, the bed agglomerates fatally and the signal increases steeply. It 

is not clear why the probe signal falls a few minutes prior to the fatal agglomeration, 

even though the temperature rises. But it indicates that some condition in the bed is 

changing. For this test case, it provided such an indication earlier than the monitored 

pressure. 
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Figure 5.  The signal from the probe (A), pressure over the fluidised bed (B) and the temperature of 
the bed (C), for a bed of sand and ashes from demolition wood. 

 

 

 

Figure 6.  The signal from the probe in a bed of sand and ashes from demolition wood, same 
experiment as in Figure 5. 

 

Another test, with bed material containing sand mixed with ashes from wood pellets to 

which salts had been added to provide a more difficult fuel than pure wood. The salts 

contained Zn, Pb, K and Cl. The results from this test are shown in Figure 7. In this test 

case, the signal from the probe was significantly lower than in previous test, possibly 

indicating a lower conductivity of these ashes at the temperatures studied. The bed 

sinters during the period between 52-56 minutes, when the temperature increases from 

775°C to 789°C. The signal from the probe increases rapidly during this period, see 

Figure 8, and it could be possible to detect that things are going awry at 53 minutes, 

which is 1-2 minutes earlier than indicated by falling pressure. It is notable, however, 

that in this case the signal was increasing prior to the defluidisation of the bed whereas 
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it was falling in previous case (Figure 5). Possibly, the mechanical and chemical 

processes where different for these two cases.  

 

 

Figure 7.  The signal from the probe (A), pressure over the fluidised bed (B) and the temperature of 
the bed (C), for a bed of sand and ashes from wood mixed with salts. 

 

 

 

Figure 8.  The signal from the probe in a bed of sand and ashes from wood mixed with salts, same 
experiment as in Figure 7. 

 
The results from a test with a bed material from a previous experiment [12] consisting 

of foundry sand in which demolition wood had been burnt, is illustrated by Figure 9 

and Figure 10. In this test the signal was even higher than in previous tests, indicating a 

higher conductivity of the bed material. During the ramping of the temperature, the 

signal from the probe increases moderately up until the bed rapidly sinters at about 56 

minutes. Neither probe signal nor pressure provided any early indication of 

agglomeration for this bed material.  
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Figure 9.  The signal from the probe (A), pressure over the fluidised bed (B) and the temperature of 
the bed (C), for a bed of foundry sand and ashes from demolition wood. 

 

 

 

Figure 10.  The signal from the probe in a bed of foundry sand and ashes from demolition wood, 
same test as in Figure 9. 

 

 

3.2 Tests with combustion in EHR 

In this second stage of testing, the test probe was inserted into a fluidised bed of sand in 

the smaller reactor (EHR) while fuel was continually fed onto the bed by a vibrator 

feeder placed on top of the reactor. The bed was fluidised by dry air, flowing at a rate of 

10 normal litres per minute. The bed temperature was kept at about 850°C while the 
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concentration of ashes gradually increased in the bed from the fuel burnt. The objective 

was to burn fuel until the bed would start agglomerating. 

Pellets made from milled demolition wood was used as a fuel in the first test. This 

experiment lasted quite long time, and the test had to be discontinued overnight. On 

the second day, the test was aborted by stopping the fuel feed at about 230-240 

minutes in Figure 11, without any evident agglomeration. The trend of increased 

pressure over time is caused by the accumulation of ash in the bed. The probe signal 

did however show a decline during the last 30 minutes, perhaps indicating 

deteriorating conditions.  

 

Figure 11.  The signal from the probe (A), pressure over the fluidised bed (B) and the temperature 
of the bed (C), for a bed of sand and while burning pelletised demolition wood. 

 

Another trial was conducted using pelletised straw as fuel. Since the ash from straw has 

a low melting temperature, the bed agglomerated rather quickly, as illustrated in Figure 

12. In the time frame of this figure, the fuel feeding started at about 67 minutes. 

Consequently, the temperature of the bed rises. The reactor was externally preheated to 

750°C prior to the feeding of fuel. This fuel caused severe bed agglomeration in just 

over 10 minutes, a couple of minutes after the bed reached a bed temperature of 850°C. 

It may be noted that both the pressure and the probe signal are falling the last few 

minutes prior to the defluidisation of the bed. At this temperature it would be very 

difficult to avoid severe bed agglomeration when burning this fuel. The quick course of 

events indicates that the agglomeration was caused by the melt induced mechanism, as 

discussed in chapter 1.1.  
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Figure 12.  The signal from the probe (A), pressure over the fluidised bed (B) and the temperature 
of the bed (C), for a bed of sand and while burning pelletised straw. 

 
In order to produce an intermediate test case, between demolition wood and straw, 

these two fuels were mixed in an additional test. At first, only demolition wood was fed 

to the reactor for one hour. After that, straw pellets were added, starting at a low 

concentration of 2%. The fraction of straw in the fuel mix was gradually increased and 

after 2 hours it was 20%. When the bed sintered, after 2 hours and 20 minutes, the fuel 

consisted of 26 % straw. The probe signal, bed pressure and bed temperature during 

this test run is shown in Figure 13. It is obvious that something changed in the bed after 

about 100 minutes because the probe signal made an upward step, the bed pressure 

stopped its upward slope and the temperature of the bed took a small step. After this 

“break point”, the probe signal declines while the bed pressure remains rather constant 

despite ashes being continuously added to the bed by the fuel. It is possible that partial 

agglomeration was initiated in the bed at about 100 minutes, but not becoming fatal 

until at 140 minutes. 

 

 

Figure 13.  The signal from the probe (A), pressure over the fluidised bed (B) and the temperature 
of the bed (C), for a bed of sand and while burning demolition wood with an increasing addition of 
pelletised straw. 
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3.3 Tests with combustion in CCR 

Tests were also performed with the probe inserted in a somewhat larger fluidised bed 

reactor (CCR in Figure 3), while burning pelletised fuels. Prior to each test, about 800 g 

of virgin Baskarp natural sand (size B35) was poured into the reactor as bed material. 

The bed temperature was set to 850°C. The flow of primary air was about 50 nlpm 

(normal litres per minute) and the flow of secondary + tertiary air was 65 nlpm.  

In the first trial, pelletised wood was burnt. In this test case, the fluctuations of the 

probe signal were considerably larger than previously recorded, see Figure 14. The test 

ran without any detectable bed agglomeration and the fuel feeding was stopped after 

about 245 minutes. The peak values of the signal remained rather constant while the 

bottom values increased over time, as illustrated by Figure 15. The moving average of 

the signal here depends mostly on the peak values being orders of magnitudes larger 

than the bottom values. This implies that the moving average remains almost constant 

over the interval. Arguably, under these circumstances, it may be the bottom values of 

the fluctuating signal that provides the most relevant information about the changing 

condition of the bed.    

 

 

 

Figure 14.  The signal from the probe (A), pressure over the fluidised bed (B) and the temperature 
of the bed (C), for a bed of sand while burning pelletised wood. No obvious bed agglomeration 
detected. 
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Figure 15.  The raw signal from the probe (green) and its moving average (blue) while burning 
pelletised wood. No obvious bed agglomeration detected. 

 

Another trial, in which pelletised demolition wood was burnt in a fluidised bed of sand 

at 850°C resulted in bed sintering after about 315 minutes. Graphs showing the probe 

signal, bed pressure and bed temperature during the late phase of the trial are shown in 

Figure 16 and Figure 17. The bed agglomeration can be detected by the increase in 

temperature, falling bed pressure and increased signal from the probe. The rise of 

temperature is caused by diminished heat transfer between the water-cooled tube coil 

and the bed material when the fluidisation is lost. All these three indicators provide the 

information that the process is going astray at about the same time, soon after 310 

minutes in the figure.  

 

 

Figure 16.  The signal from the probe (A), pressure over the fluidised bed (B) and the temperature 
of the bed (C), for a bed of sand while burning demolition wood. Severe bed agglomeration occurs 
after 300 minutes. 
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Figure 17.  The raw signal from the probe (green) and its moving average (blue) while burning 
pelletised demolition wood. Severe bed agglomeration detected after about 300 minutes. 

 

In the final trial pelletised poplar wood was burnt. This fuel did not cause detectable 

bed agglomeration, but its relatively high ash content resulted in increasing bed 

pressure over time. Graphs of the probe signal, bed pressure and bed temperature 

during trial are shown in Figure 18 and Figure 19. The ash was obviously of low 

resistivity because the signal from the probe reached relatively high values. The results 

from poplar illustrates the problem of specifying a fixed threshold value of the signal at 

which the condition of the bed could be considered critical. The signal strength depends 

to a large extent on the ash resistivity, which is fuel dependent. Acceptable values from 

the probe are thus fuel specific, and that provides a difficulty for those boilers where the 

fuel mixture varies.  

 

 

Figure 18.  The signal from the probe (A), pressure over the fluidised bed (B) and the temperature 
of the bed (C), for a bed of sand while burning pelletised poplar. No bed agglomeration detected. 
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Figure 19.  The raw signal from the probe (green) and its moving average (blue) while burning 
pelletised poplar. No bed agglomeration detected. 

 

 

  



22 

© RISE Research Institutes of Sweden 

4 Conclusions 
The test probe that has been designed within this project can be used in-situ to monitor 

the conductivity in fluidised bed boilers. Of course, the design would have to be 

modified before being applicable to full scale boilers. Also, long-term performance has 

not yet been studied. The raw signal exhibits relatively large fluctuations, implying that 

the signal must be filtered to provide simple and useful information.  

The conductivity of the bed material has been found to: 

• Increase with the bed temperature  

• Increase with the ash content in the fluidized bed  

• Increase rapidly when severe agglomeration occurs 

• Vary with ash properties, not necessarily coinciding with the agglomeration 

tendency 

From the tests performed, it is clear that the test probe provides on-line information 

about the conditions in the bed. It is also obvious that the probe can be used to detect 

severe agglomeration. But, unfortunately, it is not straightforward to find a criterion for 

early detection of agglomeration tendencies that could be used to predict severe 

agglomeration.  

The signal may increase significantly without any agglomeration (e.g. poplar) in the 

case of ashes with high conductivity and high melting temperature. The trend of the 

signal is probably of higher importance than its absolute value when the purpose is to 

monitor the bed agglomeration processes.  

In some cases, the signal was found to be falling for a short period prior to severe bed 

agglomeration, but this was not a consistent observation. 

It would be interesting to further study the relation between conductivity and bed 

agglomeration, including for example spectral analyses of the signals. The results 

presented within this report hint at a complex relationship. 
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