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Abstract. Coal, natural gas and fuel-oil are three major fossil fuels sources 
are vastly used in electrical power generation sector in Malaysia. In a coal 
fired power plant, the major byproducts resulting from coal combustion 
inside boiler is soot, ash and NOx emissions. Boiler fouling and slagging are 
common problems that leads reduces heat transfer rate in furnace and boiler 
efficiency. This happens when soot and ash is formed and deposited along 
the boiler tubes, furnaces and heaters. Hence, soot blowing operation is used 
to blow off steam in affected areas of boilers as a cleaning mechanism. 
However, current soot blowing operation is practiced through operator’s 
visual inspection of slagging or fouling rate in furnace. This leads to 
inefficient soot blowing operation that effects the plant’s operating and 
maintenance cost. Thus, by studying behavior of operating parameters, soot 
blowing operation can be optimized to reduce unnecessary soot blowing 
operation in power plant. 

1 Introduction 
Soot, ash and slag are main byproducts of combustion process in a coal fired power plant. 
These byproducts plays an important role that effects boiler efficiency. Generally, large 
combustion deposits inside boiler decreases the boiler efficiency. To maintain optimum 
boiler efficiency, soot blowers are operated periodically to clean boiler surfaces. Steam is 
used as a medium to blow of boiler flue gas circuit at different points. Periodic cleaning is 
done to boiler parts that are easily exposed to ash deposits such as furnace, super-heater, re-
heater and economizer. However, there is no efficient ways in utilizing the soot blowing 
operation to enhance the performance of the boiler. For instance, for insufficient soot 
blowing, the transfer of heat from flue gas to steam is impeded that causes the boiler 
efficiency to decrease. These results in large soot deposits that require additional fan power 
that will further reduce the efficiency. Besides that, too frequent cleaning causes heating 
surface erosion and related unit outages as increased spray flow reduces the efficiency of the 
boiler. An optimized soot blowing operation ensures soot blowers function when it is needed 
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and in necessary location. [1, 2]. Besides, soot accumulation monitoring system provides 
data that initiates soot blowing operation during boiler operations [3, 4]. A tool to predict and 
measure soot accumulation in boiler is studied by taking account of numerical data. Soot 
accumulation in affected areas triggers the soot blowing operation based on plant data. Soot 
blowing operation will be activated based on studying and optimizing boiler parameters. The 
contribution to this work is to reduce the frequency of soot blowing that result reducing the 
steam consumption during soot blowing that will eventually increase the efficiency of boiler 
and reduce maintenance cost [5]. 

2 Methodology 

The methodology is built based on the research made on most related works in literature 
review. There are three main phases that is constructed in this methodology are as follows:  
 
Data Preparation > Modelling > Analysis and Discussion 

2.1 Data Preparation 

In this phase, the most important part is to identify and characterize each plant data. All the 
necessary data is taken from the Plant Information (PI) station in TNB Janamanjung. With 
advice from plant engineers, soot blowing operation parameters are chosen and analysed 
accordingly. The parameters are chosen based on steam water, air/flue and fuel data from 
the system.  
 
Variable Behavioural Study 
 
All the variables of soot blowing operation is studied and analyzed in order to get a clear 
picture on how parameters are being affected by soot blowing condition. In Figure 1, the 
straight line indicates soot blowing operation. Soot blowing happens when steam from outlet 
press is about 40 bar. The dotted line indicates how variables correlate to soot blowing 
sequence interval.  All variables are studied to find coherence between soot blowing 
operation and how variables behave accordingly. In Figure 1, we can observe boiler 
efficiency increases slightly as soot blowing operation takes places. At 40 bar steam pressure, 
most of boiler efficiency points are increasing in time. 

 
 

Figure 1. Graph of Soot Blowing Sequence against Boiler Efficiency 
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2.2 CFD Modelling 

Modelling a real time boiler is poignant in determining the characteristics of each boiler 
parameters. ANSYS V15 is used in CFD to simulate boiler condition with presence of soot 
[6]. The main objective of this simulation is to study each boiler parameters and how it is 
effected by soot blowing operation. A pre-modelled boiler is used to simulate boiler 
conditions with 500 – 1000 iterations with boiler operating conditions shown in Table 1. For 
coal combustion modelling, a discrete phase model (DPM) was used to solve the transport 
equations for the continuous phase.  
 

Table 1. Boiler Operating Conditions 
Case description Operating conditions  
Total flow rate of total primary air (km3/h) 
and temperature (K)  

600 and 300 K  

Total flow rate of total secondary air 
(km3/h) and temperature (K)  

600 and 550K  

Total coal feed rate (t/h)  360  
 
 
Soot model is given as One Step Modal (Khan and Greeves) is chosen whereby single 
transport equation for soot mass fraction is modelled as shown in Table 2. 
 

Table 2. Soot Model 
Parameter Process value 
Stoichiometry for soot combustion 2.6667 
Stoichiometry for fuel combustion 3.6363  
Activation temperature for soot formation 
rate (K) 
Magnussen Constant for Soot Combustion 

1700 
 
4 

 

A finite volume method was chosen since most of fossil fuel combustion simulations applied 
this type of method. SIMPLE-based approach was used for pressure-velocity coupling 
scheme. The solution was simulated until convergence is achieved. 

3 Results and discussion 

3.1 Boiler modal behaviour analysis 

Through analysis using Computational Fluid Dynamics (CFD), the factors that has been 
considered in soot blowing has been taken into account and simulated using this software.  
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Fig. 2. Contours of Total Temperature 

When soot blowing happens, the boiler is assumed as a clean boiler. [7] When the fireball is 
formed and flue gas is produced, soot accumulation and slagging will take place in boiler. In 
Figure 2, the green shady green area is simulated to be area which has lower temperature 
region at 2130K compared to region in the middle of the boiler which simulates temperature 
reading around 2700K. This condition for operating temperature in boiler is validated by 
journal. By obtaining simulation results, other related parameters such as heat flux, mass 
fraction of soot, mass fraction of oxygen can be determined using CFD analysis. 

                                           

     Fig. 3. Contours of Oxygen                                     Fig. 4. Contours of Carbon Dioxide 

The validation of boiler is done by when contours of oxygen and carbon dioxide is obtained. 
For oxygen, there concentration of oxygen is high at boiler inlet which is represented by 
green and red colour as shown in Figure 3. The blue colour indicates low concentration of 
oxygen inside furnace as combustion takes place. On the other hand, contours of carbon 
dioxide shows the opposite of previous condition. The red colour shown in Figure 4 indicates 
high concentration of carbon dioxide inside furnace, and blue colour at boiler inlet. This 
suggests the boiler is operating in an optimal condition for simulation purpose.  

3.2 Particle Swarm Optimization 

Plant Swarm Optimization is an optimization tool used to study and learn from the scenario, 
while using it to solve optimization problems. [8] It is initialized by using a group of random 
particles (solutions), and then searches for optima by updating generations. In every iteration, 
each particle is updated by following best function value as shown in Table 5. In this case, 
specific parameter is chosen and used to find the best possible modal. For boiler modal, PSO 
modal serves as an optimization tool to find best function value that has minimal error as 
shown in Figure 5. 
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TABLE 3. PSO results 

Parameter Iteration Swarm size Range BFV 
Mean Outlet 

Flue Gas 
Temperature 

50 10 160 - 170 0.08345 
50 5 160 - 165 0.08111 
50 5 165 - 170 0.07957 
100 10 160 - 170 0.07955 
100 5 160 - 165 0.07867 
100 5 165 - 170 0.07999 
200 10 160 - 170 0.07959 
200 5 160 - 165 0.08533 
200 5 165 - 170 0.07943 

Total 
Secondary 

Airflow 

50 100 680 - 780 0.07031 
50 50 680 - 730 0.08931 
50 50 730 - 780 0.08829 
100 100 680 - 780 0.08657 
100 50 680 - 730 0.07975 
100 50 730 - 780 0.08768 
200 100 680 - 780 0.0875 
200 50 680 - 730 0.08796 
200 50 730 - 780 0.07999 

 

Fig. 5. Graph of best function value 

The parameter with best value obtained from PSO modal is simulated back in CFD to ensure 
the parameter obtained is optimized in real time boiler condition.  

5 Conclusion 
This journal focuses on determining the optimized boiler parameter that affects the soot 
blowing operation in boiler. Firstly, the main parameters are identified to study the behaviour 
of boiler and how soot blowing activity affects the boiler performance. All parameters related 
to soot blowing activity is analysed and simulated in Computational Fluid Dynamics (CFD). 
CFD analysis is done by studying contours and values of pre-modelled boiler condition. All 
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simulated values obtained is tabulated and analysed for understanding boiler modal. Then 
PSO is used as an optimization tool to optimize data obtained from plant, this provides a best 
function value with lowest error for each iteration. The parameter modal with lowest iteration 
is simulated in CFD to obtain the best soot blowing model. 
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