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Abstract: The purpose of this research is to investigate the effect of adding ash to the loop seal 
in a 15 kWth CFB. This experimental test comprised three distinct trials, each utilizing 2,500 grams 
of sand and the incorporation of 50 and 100 grams of biomass ash, respectively. The experimental 
results show that the addition of ash to the loop seal affected the operational performance. the 
circulation rate did not occur due to voids in the loop seal when 100 grams of ash was added. This 
research provided insight into the effects of full biomass firing in CFB boilers. 
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1. Introduction  
Global warming and environmental emissions issues 

are the main challenges for developing power plants in 
these countries. One effort to overcome these 
environmental problems is implementing Net Zero 
Emission (NZE). 

According to Notosiswoyo Sudarto, 2011, In Indonesia, 
coal remains the primary and most significant energy 
source1). Burning fossil energy can potentially increase 
pollutants, contributing to global warming2-4). Moreover, 
in Handbook of Energy & Economic Statistics of 
Indonesia, mentioned that over 50% of Indonesia's total 
installed generating capacity, or around 46 GW, are steam 
power plants5). Therefore, Indonesia needs to develop a 
strategy to realize NZE by 20606,7). Indonesia will 
transition to clean energy by establishing several new 
renewable energy policies. Gradually, existing coal-fired 
power plants will be retired8). Cofiring biomass has been 
investigated to minimize fossil fuel consumption due to 
reducing the emission and the scarcity of fossil fuel9-11). 
Cofiring biomass using a Circulated Fluidized Bed has 
been studied although several treatments should be 
required12-14). Existing coal-fired power plants with 
circulating fluidized beds will face some challenging 
issues in terms of both operational procedures and 

maintenance requirements when converting a coal 
combustion power plant to full biomass fuel15, 16).  

The performance of CFB boilers, the combustion 
fractions, and temperature distributions will all be directly 
impacted by the quality of solid circulation rate, gas 
velocity, and bed pressure drop in the loop seal17-19). The 
loop seal, a particle recycling mechanism used in CFB 
reactors, is one of the most critical parts of the CFB20-22). 
The loop seal is one of the nonmechanical valves that can 
control solid flow by aeration23-25). In the CFB, when the 
loop seal fails, solids accumulate in the standpipe and 
cyclone, blocking the recirculation of the solids around the 
CFB loop, which shuts down the boiler20, 26, 27).  

Most researchers use the sand and glass bead as solid 
particles in the loop seal for the cold model simulation. 
However, when CFB is operating (hot model simulation) 
there must be ash circulated together with the sand in the 
loop seal28). Therefore, more comprehensive research is 
needed to investigate the phenomena of added ash and 
sand in the seal loop28, 29). This study is focusing on 
biomass ash. Many studies vary the size of the loop seal 
but in this study, the dimensions of the loop seal are made 
constant to see how significant the effect of added ash in 
the loop seal. The experiment setup uses 3 stages 
sequentially. In stage 1, the loop seal was conditioned with 
100% sand (S), and the circulation rate was kept stable by 
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adjusting the fluidizing air in the supply chambers (SC) 
and recycle chambers (RC). Stage 2 was carried out by 
adding 50 grams of ash (about 2% of total sand mass) into 
the stage 1 (S50A). A further 50 grams were then added to 
the stage 2  for stage 3 (S100A). Each stage was running 
for 1 hour to ensure the circulation in the CFB was stable. 
The current study aimed to discover the effect of adding 
biomass ash into the loop seal to estimate the impact of 
bed material on switching from coal to biomass fuel in 
power plants. 

Research related to this cold model mostly uses glass 
bed or sand bed material. The material circulates 
homogeneously. However, in previous studies, ash has not 
been considered as a side product of hot model 
combustion. The focus of this research is to determine the 
effect of ash with a mixture of sand bed and 100% sand 
bed on combustion circulation in the hot model. It is 
expected that this condition is close to the ideal condition 
in the process. 

 
Table 1. Study literature of circulating fluidized bed 

Author Years Particle 
Size 

Density Velocity Model 
Configuration 

(µm) (kg/m3) (m/s) (m) 
Bolland 
et al(30) 

2001 117 3,320 5.6-7.2 0.411x8.5 

Fan et 
al(31) 

2008 62 1,747 2.2-3.7 0.009x5 

Li et 
al(32) 

2011 60 1,370 1.0-2.0 0.076x10.2 

Li et 
al(33) 

2013 60 1,370 1.0-2.0 0.076x10.2 

Current 
work 

2024 
177 - 
297 

1,288 3.2-6.6 0.076 x 3 

 
2. Material and Method  
2.1. Material  

The materials used in this research were silica sand and 
biomass ash. In the initial condition (stage 1), the sand 
material was conditioned in two locations (main grate and 
loop seal). The sand was shieved using two mesh sizes 
which are 50-mesh (297 μm) and 80-mesh (177 μm). 
These sizes were following the CFB particle size range of 
50 - 500 μm (31). The ash was sieved using 50-mesh and 
80-mesh as same as the sand treatment but the ash less 
than 80-mesh was included. 

 
2.2 Method 

The cold model simulator used acrylic with a diameter 
of the main grate of 3 in (75 mm) and a height of 3,000 
mm from the grate as shown in Fig.1. Main grate is a 
perforated plate type with fine wire mesh sandwiched with 
2 perforated plates.  

 
 
 

Table 2. Bulk density and mass of particles according to sieve 
sizes 

Particle size Bulk density Mass 

[-] [kg/m3] [gram] 

Main grate 

177 - 297 μm 1,252 500 
> 297 μm 1,300 1,500 

Total 1,288 (avg) 2,000 
Initial loop seal/sand only (stage 1) – S 

177 - 297 μm 1,252 125 

> 297 μm 1,300 375 
Total 1,288 (avg) 500 

Ash added into main bed (stage 2) – S50A 
< 177 μm 253 17.5 

177 - 297 μm 180 12.5 

> 297 μm 140 20 
Total 189 (avg) 50 

Ash added into main bed (stage 3) – S100A 

< 177 μm 253 17.5 
177 - 297 μm 180 12.5 

> 297 μm 140 20 
Total 189 (avg) 50 

 
The wire mesh protects against leakage when shut 

down, so the solid particles will stay above the grate. The 
cold model simulator was designed for use in a 15 kWth 
CFB. The pressure transducer with a measurement range 
of 0 – 10 kPa was installed into the air box under the main 
grate (Pm) to simulate the pressure in the CFB boiler air 
box of the main grate. The pressure transducer with the 
same range is also mounted in the two air boxes below SC 
and RC as same as the SC and RC of CFB boilers. All of 
these three transducers measured the static pressure for 
each location. To determine velocity during bubbling and 
fast bed conditions, the differential pressure transducer 
with a measurement range of 0 – 1 kPa was mounted in 
the riser at a height of 1,500 mm from the main grate. The 
differential pressure (Pr) measurement results are 
converted to velocity using the following equation  

 
𝑣𝑣 = √2∆𝑃𝑃 (1) 

 
where v is velocity (m/s) and ΔP is differential pressure 

(Pa). All pressure transducers were connected to a data 
logger and recorded during the test for stage 1, stage 2, 
and stage 3. 
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Fig. 1 CFB schematic diagram 

 
The study began with no fluidizing air introduced, 

followed by the introduction of fluidizing air to the main 
grate, which produced a static pressure of 4 to 6 kPa 
(Pm)37). The sand in the main grate starts in a static position, 
then moves to bubbling and finally to fast bed or 
circulating as the fluidizing air to the main grate increases. 
The loop seal had fluidizing air for each SC and RC. The 
SC is the chamber that contains the solid particles returned 
from the cyclone, while the RC contains the recycle 
chamber that flows from the supply chamber to be 
returned to the main grate through a fluidization process. 
The fluidizing air to the SC and RC starts when the sand 
from the main grate has reached the circulating state, 
characterized by the sand starting to fall from the cyclone 
to the SC. The fluidizing air to the SC and RC is adjusted 
to maintain the sand level in the SC between a height of 
22 cm as LL and 25 cm as UL, ensuring a balanced flow 
of solid particles entering the SC and exiting the RC. The 
loop seal dimensions according to Fig. 2 are presented in 
Table 3. 

 
Fig. 2 Loop seal nomenclature 

 
Table 3. Loop seals dimension 

Parameter Dimension (mm) 
H 20 
L 50 
P 215 
wa 34 
dc 37 
  

3. Result and discussion 
Solid particles could be classified according to the 

Geldart diagram depending on particle diameter and 
particle density38, 39). In this case, ash was classified as 
group C or the cohesive type, which was challenging to 
fluidize and had the potential for channeling in the bed. 
On the contrary, sand was classified as group A which had 
better fluidization characteristics40, 41).  

 
Table 4. Study literature of particle properties 

 

 
Fig. 3 The distribution plot of sand bed particles and biomass 

ash, in the Geldart diagrams38) 
 

Author Years Geldart 
Group 

Material Density 
(kg/m3) 

dp 
(µm) 

Chew 
et al34) 

2011 

B Polystyrene 
(PS) 

1,050 327.5 

B Glass Bead 2,500 165 
B Sand 2,650 196 

Xu and 
Zhu35) 

2011 

B Glass Bead 
(i) 

2,403 134 

B Glass Bead 
(ii) 

2,498 288 

B Sand (iii) 2,467 138 

Kiani 
et al36) 

2013 

B Glass Bead 
(ii) 

2,500 170 

B Glass Bead 
(iii) 

2,500 650 

B Glass bead 
(i) 

2,640 150 

B Glass bead 
(ii) 

2,640 300 

Current 
work 

2024 

B sand 1,252 177-
297 

B sand 1,300 >297 
C ash 189 164 
B sand and 

ash (2% of 
total sand) 

253 <177 

B 180 177 - 
297 

B 140 >297 
B sand and 

ash (4% of 
total sand) 

253 <177 
B 180 177 - 

297 
B 140 >297 
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Fig. 4 The correlation between velocity and main grate 

pressure 
 

Table 4. describes the particle properties and materials 
used in CFB research conducted by previous researchers 
against the focus of the current research. Based on the 
Geldart diagrams, most of the materials in this research 
are in the B material classification. 

The correlation between velocity and static pressure in 
the main grate for each stage can be seen in Fig. 4. During 
the start bubbling condition, Pm was higher at stage 2 and 
stage 3 compared to stage 1, at 4.93 kPa and 5.38 kPa, 
respectively as shown in Table 5. The minimum velocity 
also increased to 3.5 m/s. The increased pressure in the 
main grate indicates a greater need for pressure from the 
fluidizing air source to fluidize the solid particle. During 
the start circulating condition, Pm is lower at stage 2 and 
stage 3 compared to stage 1, at 5.4 kPa and 6 kPa, 
respectively. Similarly, the minimum velocity decreases to 
3.5 m/s and 3.8 m/s. It can be seen that the addition of ash 
can affect the minimum velocity in bubbling and 
circulating conditions on the main grate. The greater the 
amount of ash added to the sand, the higher the minimum 
velocity required for the solid particle to enter the 
bubbling condition. 
 

Table 5. Pm and velocity for start bubbling and circulating 
condition for each stage. 

Stage 
Start Bubbling Start Circulating 

Pm (kPa) v (m/s) Pm (kPa) v (m/s) 

1 4.61 3.2 6.6 6.6 
2 4.93 3.5 5.4 3.5 
3 5.38 3.5 6 3.8 

 
At stage 2 and stage 3, since the solid particles already 

contain ash, which has a lower density than sand and 
enters the SC, there is a decrease in Pm. Pm decreases when 
the velocity rises to 4.8 m/s in stage 3. The solid particles 
from the loop seal do not return to the main grate due to 
the disruption of solid circulation in the loop seal. The 
particles are difficult to move from SC to RC. As a result, 
the particles accumulate in the SC chamber and create a 
void between the SC and RC grates. Finally, the quantity 
of solid particles on a main grate has decreased. 
Channeling also occurs in the solid particles before 
reaching the bubbling condition in stage 2 and stage 3. 

This result confirms the findings of Yandaizhi23), who 
reported that the Geldart C particle group is hard to 
fluidize and prone to channeling. 

As shown in Fig. 5, in stage 1, static pressure in SC air 
box (Pas) and static pressure in RC air box (Par) are 
relatively stable at all velocities, averaging 3 kPa and 2.4 
kPa, respectively. Pas in stage 2 is lower than in stage 1 
due to the lower density of particles from ash that enter 
the SC. Less pressure is required to lift the solid particles 
than the stage 1. Pas increasing from 1.7 kPa to 2.2 kPa as 
the increasing of velocity, so the air required in the supply 
chamber increases42). In RC, fluidizing air required to 
fluidize the particles is higher than in stage 1 to maintain 
solid particle height between UL and LL, resulting in Par 
as the velocity increases, starting at 1.5 kPa and ending at 
3.5 kPa. It indicates that the circulating flow rate is higher 
than in stage 1 due to smaller-sized and lower-density 
particles from ash that can easily be carried by air and 
circulated to the loop seal. This result is consistent with 
Leming’s study43), which states that as the particle size 
decreases, the flow rate of solid particles in the loop seal 
will increase. 

At stage 3, Pas is lower than in stage 2, starting at 1.3 
kPa. This is due to more ash being added than stage 2 
which had lower density entering the SC. However, as the 
velocity increases, starting at a velocity of 3.8 m/s, Pas 
decreases within a range of 0.8-1 kPa, solid particle stack 
up in SC exceeds UL and void is created above SC grate. 
The void height at the end of the test is the same as H and 
the length is the same as L. Lower density, smaller particle 
size and pressure from the main grate through the loop 
seal make it difficult for particles to descend to the SC 
grate. 

Par starts at 1.3 kPa, the same as Pas. Par stabilizes at 1.5 
kPa when velocity increases from 5.4 m/s. This is because 
solid particles flows from SC to RC is disrupted, so the 
amount of solid particles fluidized in RC decreases. At the 
end of the test, RC is empty. The phenomena for each 
stage are illustrated in Fig. 6.  

In addition, after stage 3 is complete, a re-screening of 
solid particles was performed to determine any changes in 
particle distribution, as presented in Table 6. It can be 
observed that the number of particles smaller than 177 μm 
increased after the cold model test. 

 
Fig. 5 Pas and Par in loop seal according to velocity 
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Fig. 6 Loop seal phenomena for each stage 

 
Table 6. The solid particle distribution in the main grate  

after stage 3 
Size Before test (grams) After test (grams) 

< 177 μm 35 432 
177 – 297 μm 525 143 
> 297 μm 1,540 1,525 

 
4. Conclusion 

The addition of biomass ash can affect the performance 
and operation of the loop seal. Adding 50 grams of ash can 
initiate the circulating condition earlier, causing the SC 
and RC pressure operation to start earlier than using sand 
alone. The required pressure to lift particles is reduced in 
the supply chamber. However, the required pressure to 
fluidize particles is increased in the recycle chamber due 
to the high circulating rate in the loop seal. When 100 
grams of ash are added, the process of circulating particles 
is disrupted, as indicated by the difficulty of solid particles 
falling into the SC grate, resulting in particles not flowing 
into the recycle chamber and creating a void. It is essential 
to limit the amount of ash that circulates in the CFB boiler 
to prevent disruption of the particle circulation process. 
This research is helpful for power generation industries, 
especially those using CFB boilers. It provides insight into 
the effects of full firing with biomass. 
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Nomenclature 

Pm Static pressure in the main grate air box 
SC Supply chamber 
RC Recycle chamber 
Pr Differential pressure in the riser 
V Velocity 
ΔP Differential pressure 
LL The lower limit of solid particle height 
UL The Upper limit of solid particle height 

H Horizontal passage height in loop seal 
L Horizontal passage length in loop seal 
P Recycle chamber height  
wa Loop seal air box width 
dc Chamber diameter 
Pas Static pressure in the supply chamber air 

box  
Par Static pressure in the recycle chamber air 

box  
dp Diameter particle size 
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