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ABSTRACT:  Sulphur oxide removal from flue gas is a legal requirement for any large capacity combustion equipment. 

The paper presents the case of thermal power plant Rovinari (Romania), where Wet Flue Gas Desulfurization with 

limestone slurry has been implemented in order to reduce the SO2 concentration from 4000 mg/m
3
 to 400 mg/m

3
 (legal 

limit). The operation and sulfur oxides removal performance of the desulfurization system depend on a set of given design 

parameters value, which, in practice, cannot be fully controlled. One such factor is the quality of the coal, which is a 

parameter with high and random variability. Improper processing of the coal before being delivered to the burners causes 

incomplete combustion, which results in loss of combustible mass. Incomplete combustion means that some coal particles 

do not burn at all (100% loss) while others undergo a partial combustion but fall into the bottom ash collecting and 

transport system before complete combustion can take place. The objective of the paper is to present the specific factors 

occurring at Rovinari thermal power plant and analyse quantitatively and qualitatively the performance of the 

desulfurization system under incomplete coal combustion conditions. 
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1. INTRODUCTION 

1.1.Flue gas desulfurization technologies 

 

As the environmental requirements become 

increasingly restrictive and cleaner production 

concept strengthening its position as an 

industrial standard, coal utilization 

technologies, from combustion to final waste 

management, must comply with higher 

standards regarding utilization efficiency and 

environmental impact. Removal of main 

pollutants (sulfur and nitrogen oxides, flying 

ash FA) from flue gas has been the main 

concern. Modern flue gas cleaning technologies 

reached performances that comply even with 

the most restrictive environment regulations. 

Sulfur oxides removal technologies exist on the 

market for over 100 years. Three main 

approaches exist: (1) removal of sulfur from 

fuel before combustion (2) in-situ removal of 

sulfur oxides during combustion process and (3) 

post-combustion treatment of the flue gas. 

Various coal desulfurization approaches have 

been described in [1].  The main advantage of 

pre-combustion desulfurization is that fact that 

the boiler (or combustion installation) does not 

undergo any modification or retrofitting, which 

is an important economic factor to be 

considered [2]. Sulfur removal during 

combustion phase is achieved through injection 

of dolomite in the boiler furnace [3]:  

        
 

 
         

or limestone CaCO3 [4]: 

              
 

        
 

 
       

Wet Flue Gas Desulfurization (FGD) is the 

most widely used because of its high 

SO2 removal efficiency, reliable and low utility 

consumption [5]. The sulfur oxide removal 

mechanism in wet FGD process can be 

described as follows: SO2 diffuses through the 

gas phase to a liquid surface, where it dissolves 

and is transferred by diffusion or convective 
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mixing into the liquid phase. The rate at which 

SO2 is transferred depends on a number of 

factors such as the solubility of SO2 in the 

liquid and its displacement from equilibrium 

[5]. The chemical reactions occurring in wet 

FGD process can be resumed as follows: 

Absorber:               

                              
Tank:   

                  
                  

               
                

 

1.2. Coal particle combustion mechanism 

and influence factors 

Coal combustion is a complex process, which 

can be broken down in several phases as 

follows: 

- Complete thermal dehydration  

- Thermal break down resulting in release of 

the volatile matter 

- Volatile matter combustion and formation 

of coke 

- Combustion of fixed carbon from coke and 

generation of ash 

The phases of the coal particle combustion 

presented above do not follow a time sequence, 

overlapping partially in time. The extent to 

which they overlap depends on several factors, 

such as the type of the boiler, coal quality, pre-

processing of coal prior to injection in the 

boiler. The phases of combustion can be 

illustrated in a graphical form [6] 

 
Figure 1. Combustion process dynamics for a 

typical coal particle 

 

The total combustion time    is given by: 

              

The characteristic times are as follows: 

- Thermal preparation of the particle   : the 

particle heats up from the initial temperature 

to the volatile matter VM self-combustion 

temperature. During this phase complete 

elimination of water takes place and partial 

release of volatile matter. 

- Release of VM and effective combustion 

   ; when the particle reaches the VM self-

combustion temperature, these burn and the 

temperature increases steeply. Due to the 

combustion speed much higher than VM 

release speed the temperature goes down and 

the process resumes. 

- Combustion of the solid residue (coke or 

fixed carbon),    . It is a process with 

continuous decrease of temperature until the 

combustible matter is exhausted. 

The complete combustion requires the 

following condition: 

      

Where    is the stagnation time of the particle 

in the furnace, which can be approximated as 

follows: 

   
 

  
 

Where   is the length of the particle path, 

which can be considered equal to the furnace 

height and    is the particle velocity, which 

can be approximated equal to the flue gas 

velocity.  

The total combustion time    depends on the 

particle diameter: 

       
   

Incomplete combustion of coal particle is 

caused mainly by the large size of the particle 

or height of the furnace too small.  

 
 

2. SPECIFIC FACTORS THAT 

INFLUENCE INCOMPLETE 

COMBUSTION AT ROVINARI 

POWER PLANT 
 

The actual conditions at the 1035 t/h boilers at 

Rovinari power plant deviate to varying degrees 

from the theoretical considerations presented in 

the previous sections. Specific conditions 
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occurring at power plant Rovinari that cause 

incomplete combustion are the following: 

- Insufficient separation of sterile from coal. 

Open pit excavation conditions do not allow 

complete elimination of sterile material 

from the production flow. Sterile ends up in 

the coal mill, interfering with the milling 

process and causing improper milling and 

particles with large dimensions are 

delivered to the coal burners. 

- Advanced wear of the coal mills. Although 

the wear level is acknowledged, a number 

of factors related mainly to management 

and cost cutting prevent shut down for 

maintenance. The wear rate is much higher 

than expected due to the coal quality. 

Incomplete combustion caused by the factors 

described above results in unburned organic 

matter in both fly ash (FA) and bottom ash 

(BA). At Rovinari power plant a periodic 

determination program for unburned matter in 

FA and BA has been implemented. The 

chemical analysis, sampling and validation are 

performed by methods based on EN and ISO 

standards. The unburned matter content in FA 

and BA is carried out according to the 

provisions of the national standard STAS 

10274/15-75 [6]. 

 

3. INFLUENCE OF THE 

UNBURNED MATTER CONTENT 

ON THE SULFUR RETENTION 
 

The fact that the coal injected in the furnace 

does not burn completely reduces the amount of 

sulfur that is oxidized and contributes to the 

formation of sulfur oxides. The term “retention” 

means actually an indirect retention here as it is 

a secondary effect of incomplete combustion. 

Thus, incomplete combustion of coal is 

equivalent to a lower amount of sulfur that react 

with oxygen and forms sulfur oxides. The 

amount of sulfur retained through this 

mechanism is given by the following equation: 

                  
  

   
    

   

   
  

       

   

   
  

where   is the fuel mass rate,    is the initial 

content of ash,     is the BA sulfur content, 

    is the FA sulfur content and     is the 

efficiency of the electrostatic precipitators. 

        – the total ash percentage retained at 

the bottom of the boiler as BA,          the 

total ash percentage leaving the furnace as FA. 

 
Table 1. Sulfur balance for 3 boilers at Rovinari power plant 

B Si Ai 
Total ash 

breakdown in 

BA/FA 

Unburned 

carbon in ash  

 

Unburned 

coal 

Combustible 

mass 

Sulfur 

content 

in 

unburned 

coal 

Wet 

FGD 

sulfur 

removal 

rate 

BA FA BA FA 
  

 1 2 3 4 5 6 7 8 9 10 11 

t % % % % % % % t % 

227135 1.30 22.93 20.00 80.00 38.72 2.20 6.13 35.57 180.8 96.3 

226201 1.15 22.89 20.00 80.00 32.60 1.91 5.19 35.51 134.9 96.6 

217910 1.35 21.79 20.00 80.00 36.39 2.06 5.36 36.31 157.5 96.1 

 
The data in Table 1 presents the sulfur balance 

for boilers 3, 4 and 6 for one full month of 

operation (June 2016). In column 1 the total 

amount of fuel in tons is given. Initial sulfur 

and ash content of the coal is given in columns 

2 and 3 respectively. The total amount of ash 

resulting from coal combustion is divided in 

BA - collected to the bottom of the furnace and 

disposed by hydraulic transport and FA – 

consisting of particles small enough to be 

carried by the flue gas, most of it being 

retained in electrostatic precipitators. The 

boiler manufacturer provides the BA and FA 

values in columns 4 and 5 respectively. The 
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large value of the unburned carbon in BA 

(column 6) is caused by the factors described 

in Section 2. The value of the unburned carbon 

content is even comparable if not higher than 

the initial carbon in coal. The following table 

defines the meaning of combustible mass: 

 

Table 2. Definition of conventional masses in coal 

Ash Carbon Hydrogen Nytrogen Oxygen 

Combustible sulfur Total moisture 

Organic 

sulfur 

Inorganic 

sulfur 

Hygroscopic 

moisture 

Surface 

moisture 

Mineral 

mass 

Organic mass  

Moisture 

Combustible mass 

Fixed 

carbon Volatile matter 

Coke 

 

 

It can be noticed from Table 1 (column 9) that 

the combustible mass value (as defined in 

Table 2) has a lower value than the unburned 

carbon in BA. This is an important issue that 

results in a significant drop of the combustion 

efficiency, for which few solutions exists. In 

fact, it is a common practice implemented at 

thermal power plants in Romania fueled with 

same type of lignite (such as cogeneration 

plant Govora) that BA be re-burned. In such 

case the sulfur balance changes, which can 

influence the FGD system. Re-burning has 

some drawbacks however such as the fact that 

the BA contains also a significant amount of 

slag, which influences the milling process and 

the wear of the coal mills. Due to these 

considerations, no re-burning solution has been 

implemented at Rovinari power plant. 

Unburned carbon can be also found in FA 

(Table 1, column7) in much lower amounts. 

This is because FA particles are small sized 

and spend enough time in the furnace so that 

combustion is almost complete. The total 

unburned coal (weighted sum of unburned 

carbon in BA and FA) is given in column 8. 

The total amount of sulfur that does not react 

and does not form sulfur oxides is given in 

column 10. The sulfur removal rate, calculated 

based on the effective amount of sulfur that 

enters the oxidation reactions and forms sulfur 

oxides is given in column 11. 

The incomplete combustion phenomenon, 

which results in a significant amount of coal 

that does not react and consequently does not 

form sulfur oxides makes necessary to 

reconsider the operation of the wet FGD 

system. The SO2 emission at the inlet of the 

wet FGD system (absorber) must be corrected 

using the following equation: 

    
 

    

  
 

  
 

   
                     

Where:     
 molecular mass of SO2 

   molecular mass of sulfur 

  
  initial content of sulfur in coal 

        actual coal flow rate that reacts and 

forms sulfur oxides 

   sulfur oxide fraction removed in the dust 

removal systems 

   sulfur oxide fraction corresponding to the 

unburned coal (retained in BA and FA) 

 The values of    and    are given in Table 3 

 

Table 3. Sulfur oxide fraction removed in 

various dust removal systems 

Dust removal system    

Electrostatic precipitators, 

cyclons, dry filters 

0 

Wet dust removal system: 

- Scrubber with 

neutral pH water 

- Scrubber with 

alcaline pH water 

 

0,015 

 

0,02-0,03 

 

Sulfur oxide fraction corresponding to the 

unburned coal (retained in BA and FA) ranges 

between 0.1 and 0.2. 
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4. CONCLUSIONS 
 

Determination of the effective amount of sulfur 

oxides introduced in the wet FGD system is 

essential to calculate stoichiometrically the 

flow rate of limestone that has to be introduced 

in the system. If the amounts of reactive are not 

stoichiometric the wet FGD system cannot 

reach the desired removal rate, which results in 

exceeding the legal limits for SO2. Other 

consequence is deviation of the wet FGD 

system operation conditions from the optimum. 

Incomplete coal combustion (which is a 

consequence of a coal low quality and presence 

of sterile mixed with coal) is the main factor 

that disturbs the nominal combustion 

conditions resulting in the operation of the wet 

FGD system outside its optimum parameters 

range. 
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