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Abstract   Plasma supported coal combustion is promising technology for use in thermal 

power plants (TPP). The realisation of this technology comprises two main steps. 
The first is the execution of a numerical simulation and the second involves full-
scale trials of plasma supported coal combustion through plasma-fuel systems 
(PFS) mounted on a TPP boiler. For both the numerical simulation and the full-
scale trials, the boiler of 200 MW power of Gusinoozersk TPP (Russia) was 
selected. The optimisation of the combustion of low-rank coals using plasma 
technology is described, together with the potential of this technology for the 
general optimisation of the coal burning process. Numerical simulation and full-
scale trials have enabled technological recommendations for improvement of 
existing conventional TPP to be made. In summary, it is concluded that the 
developed and industrially tested PFS improve coal combustion efficiency and 
decrease harmful emission from pulverised coal fired thermal power plants. 
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INTRODUCTION  

Plasma assisted coal combustion is a relatively unexplored area in coal 
combustion science and only a few references are available on this subject [1]. 
Coal fired utility boilers face two problems, the first being the necessity to use 
expensive oil for start-up and the second being the increased commercial 
pressure requiring operators to burn a broader range of coals, possibly outside 
the specifications envisaged by the manufacturer’s assurances for the 
combustion equipment. Each of these problems results in a negative 
environmental impact. Oil firing for start-up increases the gaseous and 
particulate burden of the plant. The firing of poorer quality coals has two 
disadvantages: reduced flame stability performance necessitating oil support and 
its consequential emissions and cost implications; and reduced combustion 
efficiency due to a increased amounts of carbon in the residual ash, resulting in 
an increase of emissions per MW of power generated. Plasma assisted coal 
combustion represents a new effective and ecological friendly technology, which 
is equally applicable to alternative ‘green’ solid fuels. 
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One of the prospective technologies is Thermo Chemical Plasma Preparation 
of Coals for Burning (TCPPCB). This technology addresses the above problems 
in Thermal Power Plants. The realisation of the TCPPCB technology comprises 
two main steps. The first includes numerical simulations and the second involves 
full-scale trials of plasma supported coal combustion in a TPP boiler. For both 
the numerical study and full-scale trials, the boiler of 200 MW power of 
Gusinoozersk TPP (Russia) was selected. Four PFS are mounted on the furnace 
and used for boiler start-up and low-rank coal flame stabilisation. 

The numerical simulations were performed using the Cinar ICE ‘CFD’ code 
[2]. Cinar ICE has been designed to provide computational solutions to 
industrial problems related to combustion and fluid mechanics. The Cinar code 
solves equations for mass, momentum and energy conservation. Physical models 
are employed for devolatilisation, volatiles combustion (fast un-premixed 
combustion), the combustion of char and the turbulence (k-ε). Comparison of 
the calculations with data generally reveals excellent agreement. The maximal 
discrepancies between measured and calculated furnace temperatures do not 
exceed 15%.  

1. STRUCTURE OF THE PAPER 
The simulation of coal combustion using plasmas in industrial scale 

applications includes several steps. This paper is correspondingly structured 
(Fig. 1). In the first step, the performance of plasma generator is simulated and 
the results are compared with the experimentally measured temperature contour 
lines. The second step involves the simulation of the thermo chemical 
preparation for combustion of pulverised coal (Tugnuiski bituminous coal, 
Russia) within the PFS (plasma burner 1). The results obtained from the 
numerical simulations of this phase were validated against experimental results 
[3, 4]. The numerical calculations include the implementation of several 
different approaches of combustion modelling as a numerical study towards the 
clarification of physical and chemical behaviour of pulverised coal-plasma 
interaction. The methodology used for the combustion modelling includes the 
following approaches: fast chemistry (simple reacting chemical system); a 
laminar flamelet model; and a thermal equilibrium model. Comparing the results 
obtained from all the models, the thermal equilibrium model showed the closest 
results to the experimental data. 

The geometry of the plasma burner 2 of the BKZ-640 boiler and the type of 
the fuel differ from the data used for the modelling of plasma burner 1. The 
simulation of the plasma burner 1 was used for the validation of the numerical 
results since experimental measurements exist only for this burner. 



 
Figure 1. Schematic view of the work performed 
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In step 3, the selected modelling approach (thermal equilibrium) was used for 
simulation of a new PFS (plasma burner 2) and another type of coal 
(Kholboldjinski brown coal, Russia). The results obtained from this study were 
used as an input values for the calculation of the boiler performance working in 
the ‘plasma-assisted’ operational regime. The final step of the numerical study 
(Step 4) includes the simulation of industrial boiler operation in the conventional 
and plasma-assisted regimes. As a test case of the industrial application of The 
BKZ 640 boiler of the Gusinoozersk TPP in Russia was selected for this 
exercise. 

Finally, the data obtained from full-scale trials of the BKZ-640-140 boiler 
starting-up with help of PFS are presented, and compared with the numerical 
results. 

2. NUMERICAL AND EXPERIMENTAL INVESTIGATION OF 
PLASMA FLAME 

The plasma generator creates a low-temperature plasma flame using air as the 
plasma gas, blown through the arc formation region. The high concentration of 
electrical energy heats the air forming the plasma flame. The mass-averaged 
temperature of the plasma flame is within the range of 2500-5000K, depending 
on the electric power supply. The plasma generator is placed on the plasma 
burner to provide the heat necessary for the thermo chemical preparation of the 
coal prior to its combustion. 



The measured temperature contours for a typical plasma flame are presented in 
Fig. 2. The measurements were taken for an unconfined air plasma flame. The 
mean temperature of the plasma flame at the outlet of the plasma generator is 
about 5000 K for an air mass flow through the nozzle of around 36 kg/h and a 
power input of 100 kW. 

   
Figure 2. Experimental plasma flame and its measured isotherms 

In preliminary calculations, the spreading rate of the plasma jet emerging from 
the plasma generator nozzle was simulated. The divergent nozzle expands from 
40 to 60 mm over a length of 80mm (Fig. 2).  

Predicted isotherms profiles are shown in Fig. 3. Comparisons with the 
experimental data, taken from Fig. 2, are presented in Table 1. It can be seen that 
predicted and measured results are generally in quite good agreement.  

 
Figure 3. Predicted isotherms of air-plasma flow from the plasma generator 

 
Table 1. Comparison of measured and predicted values of the temperatures along the air 
plasma flame 

                    Temperature (K) 
 
Distance along axis (m) 

5000 4500 4000 3500 2500 2000 1500 1000 

Experiment  0.03 0.05 0.086 0.116 0.153 0.188 0.227 0.375 
Simulation 0.03 0.086 0.109 0.123 0.167 0.202 0.255 0.37 



3. NUMERICAL AND EXPERIMENTAL INVESTIGATION OF PFS 

The plasma burner is a 
cylinder with the plasma 
generator placed on the 
burner body, as shown in 
Fig. 4. 

 
Figure 4. Schematic view 
of cylindrical direct flow 
burner (PFS) 

 
The mechanism of the 

thermo chemical 
preparation of pulverised 
coal for combustion can be 
explained as follows. Primary air-coal mixture is fed through the pipes to the 
burners. If the burner is not equipped with a plasma generator, the air-coal 
mixture is introduced into the furnace where it is ignited and combusted as in 
conventional boilers. If the burner is equipped with a plasma generator, the 
plasma flame heats up the pulverised coal. In this case, the volatiles are released, 
while the remaining char is partially gasified. Since the primary mixture is 
deficient in oxygen, the carbon is oxidised mainly to carbon monoxide. As a 
result, at the exit from the burner a highly reactive mixture is formed of 
combustible gases and partially burned char particles, together with products of 
combustion, while the temperature of the gaseous mixture is around 1300K. 
Further mixing with the secondary air, upon the introduction of the mixture into 
the furnace, promotes ignition and complete combustion of the prepared fuel, 
without the need for supplementary fuel (oil or natural gas). 
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The numerical experiments were performed for a cylindrical direct flow 
burner (Fig. 4), 0.25 m in diameter and 2.35 m in length, equipped with the 
plasma generator. The nominal electric power supply for the plasma generator 
was 100 kW. At this power consumption, the efficiency of plasma generator is 
around 85% and the plasma gas mass flow rate is 54 kg/h, while the mass 
averaged temperature of the flame is some 2800 K (Table 2). 

The coal and air mass flow rates through the burner were 1.75 t/h and 3.5 t/h 
respectively; while the coal-air mixture inlet temperature was 350 K. The mass 
flow specifications gives coal dust concentration of around 0.5 kg of coal per kg 
of air. Such concentration provides high fuel-rich conditions within the plasma 



chamber with the equivalence factor of around 3.0 [5]. The specification of 
working parameters for plasma generator and chamber can be found in Table 2.  

‘Tugnuiski’ bituminous coal was used for the experiments. Its proximate and 
ultimate analyses and particle size distribution are presented in Table 3. From 
the available experimental data of the plasma burner operation, the measured 
composition of the gas phase at the outlet of the burner was (volume %): 
CO=28.5; H2=8.0; CH4=1.5; CO2=2.0; N2=59.5; O2=0.0; others = 0.5, including 
NOX=50 mg/nm3. 

 Table 3. Specification of Tugnuiski 
bituminous Coal 

Tugnuiski coal 
Proximate 
analysis 

mas
s % 

Particle size 
distribution * 

Moisture 14.00 160 µm – 10% 
Volat.Matter 36.27 130 µm – 10% 
Fixed 
carbon 44.33 74 µm  – 20% 

Ash 19.40 50 µm  – 40% 
Ultimate 
analysis 

mass 
% 

24 µm  – 20% 

Carbon 61.7 
Hydrogen 4.10 
Nitrogen 1.20 

Lower calorific 
value: 
5500 kcal/kg 

Sulphur 0.39 
Oxygen 13.20

Coal feed rate: 
1750 kg/h 

* assumed particles size distribution 
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Table 2. Specification of Operating 
Parameters for Plasma Burner 

OPERATING DATA 
Plasma burner (muffle) 
Length (m) 2.35
Inner diameter (m) 0.25
Plasma Generator 
Electric power (kW) 100
Plasma gas Air 
Mass flow (kg/h) 54 
Inlet air temperature (K) 298
Outlet air temperature (K) 2800
Inner diameter (m) 0.04
Outlet velocity (m/s) 118.2
Primary air 
Air flow (kg/h) 3500
Velocity (m/s) 20.0
Temperature (K) 350
Coal dust concentration (kg/kg) 0.50
The measured temperature profiles are shown in Fig. 5. In the initial section of 
e PFS (line 1) the temperature profile has only one maximum and it is not 
is-symmetric. This is due to the influence of the plasma flame. The 
mperature profile at the exit from the plasma burner shows axis-symmetrical 
ehaviour. 
The coal thermo chemical preparation numerical calculations are performed 
r the plasma burner of Fig. 4. The specification of the coal and the plasma 

urner operating parameters used for the numerical calculation have been given 
 Tables 2 and 3. The flame from the plasma generator feeds the burner 0.35 m 
 axial direction upstream of the burner inlet plane (Fig. 6). To enable the 



modelling exercise the plasma flame is assumed as a heat/mass source defined 
with the exit temperature of 2800 K and the mass flow of 54 kg/h. 

 
Figure 5. Measured temperature profiles 
inside the PFS 
1 –750 mm downstream of the plasma 
generator; 2 –outlet of the PFS 

 
The numerical results for the radial 

temperature profiles at the burner exit are 
presented in Figure 7, while Figure 6 
shows the predicted temperature contours 

along the burner axial direction. The numerical results are validated with the 
measured data only at the exit of the PFS. The radial temperature profile is 
shown for an axial location of 2.0 m from plasma generator axis (x = 2.35 m). 
The predicted profile is revealed to be axis-symmetric in accordance with the 
experimental profile. 
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Figure 6. Predicted temperature contours along the burner axial direction 

Although the measured profile shows a distinctive temperature minimum at 
the chamber central line, in the case of predicted temperature profile this 
minimum is insignificant. This could be the reason of under-predicted 
penetration of the plasma jet into the co-flowing stream of air-coal mixture. In 
the real situation, it may be expected that the plasma jet will separate the air-coal 
mixture flow into two streams, leaving the central part of the flow with lower 
fuel concentration. The high-energy concentrated plasma jet, with high initial 
momentum, may act as a solid body [6] penetrating through the cross flow, 
while the coal particles trajectories are divided into two streams, showing two 
temperatures maxima on both sides of the centre line. 

As can be seen from Fig. 7, when using the fast chemistry model the code over 
predicts the temperature level of combustion. The averaged temperature at the 
exit from plasma burner is 1600 K while the experimental one was 1200 K. This 
discrepancy in temperature, as well in species concentrations, may be attributed 



to the nature of combustion model used, since the fast chemistry model takes 
into account only global nature of 
the combustion process. Thus, it 
was necessary to employ the 
model that includes the finite rate 
chemical reactions, such as 
laminar flamelet model. 

 
Figure 7. Predicted temperature radial 
profiles at the exit of plasma burner 1 
 

The laminar flamelet approach 
involves detailed chemical 

mechanism of volatiles species combustion, with some 250 chemical reactions 
included in the calculation (standard GRI-mechanism). The ‘Flame Master’ code 
[9] was used for creating the libraries carrying the information of species 
concentration as a function of mixture fraction. This approach gives more data 
on intermediate species concentration and improved the predictions of the 
temperature level. However, the species concentrations, mainly of CO, were 
generally under predicted. 

The modification of the fast chemistry model introducing the reactions of char 
gasification (char + CO2 and char + H2O) gave slightly better predictions than 
the standard fast chemistry model. During the parametric study, it was observed 
that the activation energy of char gasification reactions was too high to produce 
the required amount of unburned gases such as CO and H2. According to [7], the 
activation energy for both gasification reactions are likely to decrease as a result 
of the existence of electric and magnetic fields coming from the plasma flame. 
This would increase the reactivity of the residual char, while their values have to 
be obtained from the experimental measurements. These results are not 
presented in this paper. 

For the thermal equilibrium calculations, the TERRA code was used. The 
application of the thermal and chemical equilibrium approach gave the closest 
results to the experimental data. This method included the formation of the 
libraries containing the values of species concentrations as a function of the 
mixture fraction and temperature level. The improvement of temperature level 
prediction and species concentrations is evident in Fig. 7 and 8. Although the 
combustion is not a thermal equilibrium process, the application of this approach 
could be justified by the existence of charged species and radicals, which are 



highly active and probably act as a catalyst increasing the rate of chemical 
reactions. In addition to this, the high-energy input and maximum temperature 
level make the chemical reactions fast so that they are probably close to the 
equilibrium condition. The thermal and chemical equilibrium approach was 
selected for the calculations of the plasma burner 2 (Fig. 1). 

 
Figure 8. Predicted radial profiles for species concentrations at the exit of plasma 

burner 1 

4. SIMULATION OF PFS 2 
The properties and working parameters of the plasma burner 2 differ from the 

plasma burner 1 in the geometry and the type of coal used. Generally, the 
geometry of the plasma burner 2 is similar to the geometry of that of 1 (Fig. 4), 
the only difference being a burner length (L = 3.0 m) and diameter (D = 0.43 m). 
In this case, the pulverised coal was Kholboldjinski brown coal (Table 4).  

The prediction of the temperature level at the exit from the plasma burner is 
uniform attaining a maximum level of some 1400K (Fig. 9). For calculation of 



the second plasma burner just the thermal equilibrium method was used. This 
approach gave the closest results to experimental data in case of plasma burner 1 

(paragraph 3). The predicted species 
concentrations at the exit from plasma burner 
are presented in Fig. 10. The values of the 
temperature level and species concentrations 
were used input values for the numerical 
simulation of the boiler working in the plasma 
regime. 
 
Figure 9. Predicted temperature radial profile at 
the exit of plasma burner 2 

 

 
Figure 10. Predicted radial profiles for species concentrations at the exit of plasma 

burner 2 

5. NUMERICAL INVESTIGATION OF THE FURNACE 
The plasma burner 2 was incorporated in the furnace of a full-scale boiler with 

a steam productivity of 640 t/h (Gusinoozersk Thermal Power Plant, Eastern 
Siberia, Russia). The schematic view of the boiler equipped with PFS (muffles) 
and its primary dimensions are shown in Fig. 11. The furnace is characterised by 
two symmetrical combustion chambers, each having 4 tangentially directed main 
double burners in two layers. Waste burners are situated in a top layer. Each of 
the main burners is divided in two sections. They are the section of air-fuel 
mixture supply and the section of secondary air supply. The waste burners 
supply a low coal concentration in the air-fuel mixture (< 0.1 kg/kg), so their 
effect on combustion is very small. Combustion chambers are joined by a central 



section. The cooling chamber is above of the combustion chambers and then 
turning chamber follows. The technical specification and operating data for the 
BKZ 640-140 boiler along with the Kholboldjinski brown coal specification are 
presented in Table 4. 
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Figure 11. Scheme of a full-scale industrial furnace, BKZ 640-140 boiler 

Table 4. Specification of the Coal, Technical and Operating Parameters for BKZ 640-
140 Boiler 
№ Characteristics Dimension Notation Value 
1 Fuel consumption on the boiler kg/h В 121300 
2 Fuel consumption on the burner kg/h Вb 15160 

3 Fuel – Kholboldjinski Brown Coal: Coal 
composition % 

S
C
H
O
N 
FC 
VM 
W 
A 

0.38 
47.56 
3.81 

17.12 
0.83 

24.94 
31.66 
18.80 
24.60 

4 Heat of combustion MJ/kg Qw
L 14350 

5 Theoretically required quantity of air for 
burning 1 kg of coal Nm3/kg V0 3.8 

6 Total amount of air on the boiler Nm3/h V 553128 
7 Milling fineness % R90 50 



8 Coefficient of air surplus on the fire-
chamber’s outlet  αт 1.2 

9 Air inflow in the fire-chamber % ∆α 30 

10 Part of primary air from the total quantity of 
air supplied in fire-chamber % Aprimary 27 

11 Fire-chamber’s height mm z(H) 7096 
12 Fire-chamber’s width mm Y 18176 
13 Fire-chamber’s depth mm X 7744 
14 Cooling chamber’s height mm z1 26500 
15 Cooling chamber’s width mm Y1 18176 
16 Cooling chamber’s depth mm X1 7744 
17 Type of the using burners  fan-tail burner 
18 Number of double burners  n 8 
19 Section of the burner on primary air m2 FP 0.364 
20 Section of the burner on secondary air m2 FS 0.538 
21 Air-fuel mixture velocity m/s W1 20 
22 Secondary air velocity m/s W2 44 
23 Temperature of air-fuel mixture °C ta 80 
24 Temperature of the secondary air °C tS 350 
25 Concentration of coal dust in air-fuel mixture kg/kg µ 0.628 
26 Number of waste burners  n1 8 
27 Diameter of waste burners mm dS/dP 630/530 
28 Air-fuel mixture velocity  m/s W1 30.9 
29 Secondary air velocity m/s W2 32.3 
30 Temperature of air-fuel mixture °C ta 80 
31 Temperature of the secondary air °C tS 350 
32 Concentration of coal dust in air-fuel mixture kg/kg µ ≤ 0.1 

Four PFS (plasma burners 2) are mounted instead of four lower sections of the 
main double burners as it is shown in Fig. 11 (on the right). During the period of 
boiler warm- up and flame stabilisation, the plasma generators are operating. 
When the boiler performance is stabilised, the plasma generators are switched 
off and plasma burners work as conventional burners for pulverised coal. In the 
case of flame instabilities, the plasma generators are easily switched on.  

The grid configuration for the mathematical simulation and a 3D view of the 
generated grid profile can be found in Fig. 12. The grid is defined by 118 x 52 x 
68 grid lines in three directions (x, y and z). 

The main results from numerical experiments for the furnace, velocity vectors, 
temperature profiles and oxygen concentrations, are presented in Fig. 13-15. In 
Fig. 14 and 15, panel 1 presents the predicted values for the centre line along the 



furnace height, while panel 2 gives the values at the exit, along the furnace 
width. The numerical results represent the boiler performance for the standard 
operational regime and for operation in plasma regime. Due to the lack of 
measured data, only values of boiler performance in standard regime and at the 
exit from the furnace could be validated. The measured averaged temperature at 
the exit is around 1400 K, and this value agrees with the numerical results, while 
the averaged concentration of measured oxygen is around 4%. In the plasma 
regime (Fig. 15) the temperature levels along the furnace height are lower, while 
rapid combustion of pulverised fuel within the combustion chamber results from 
the introduction of the mixture of hot combustible gases and unburned char from 
the plasma burners. 

       
               Figure 12. Grid discretisation   Figure 13. Velocity vectors 

 
Figure 14. Predicted temperature (K) and oxygen level (vol. fraction) contours and 

profiles for the conventional operational regime (centre line, exit of the furnace) 
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The predicted results of industrial boiler simulations in conventional and 
plasma operational mode show that operation of the plasma burners there creates 
favourable conditions which promote stable ignition of the pulverised fuel and 
its intensive burning within the combustion chamber. 

 
Figure 15. Predicted temperature (K) and oxygen level (vol. fraction) contours and 

profiles for the plasma operational regime (centre line, exit of the furnace) 
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6. FULL-SCALE TRIALS  
The schematic of the plasma generators mounted directly onto direct flow 

pulverized coal burners is shown in Fig. 4. The use of different types of burners 
does not incur essential distinctions in the mechanism of thermo chemical 
preparation of pulverized coal for combustion. 

The scheme of the boiler’s furnace and its geometrical sizes are shown in 
Fig. 11. During the tests of oil-fuel-free boiler start-up, the main operating 
parameters were measured with the help of standard boiler measuring 
instruments. Also, samples of raw coal and volatile ash were taken at certain 
time intervals depending on the increase of heat generation in the furnace and 
the temperatures of flue gas at the outlet. In addition, the flame temperature was 
periodically measured. 

The full-scale trials of the boiler BKZ-640 (steam productivity 640 t/h) start-
up and stabilization of coal-dust flame were fulfilled in correspondence with a 
specially constructed operating programme, ratified by the technical manager of 
Gusinoozersk TPP. 

Plasma starting-up of the boiler was carried out from cold (non-operated) state 
in accordance with Instruction for the boiler exploitation and work program of 
the trials. 



Temperature measuring was effected with the help of thermocouples and 
optical infrared pyrometers. Samples of gas and volatile ash for analyses were 
taken before electrical filter with the help of special ejector sampling tube in 
accordance with the method of SOUZTEKHENERGO [8]. 

The main results of the trials are gathered in Table 5.  
In 1 hour and 35 minutes after starting of all four plasma generators and the 

supply of the pulverised coal to the plasma-fuel systems temperature of the 
exhaust gas in turning chamber was 300OC. After 4 hours and 10 minutes, the 
conditions for steam turbine activation were achieved. In 5 hours temperature of 
the exhaust gas in turning chamber achieved 370OC at that turbine speed 
achieved 3000 rpm. The temperature of the gas at the furnace outlet (height is 
32.3 m) achieved 1030-1175 OC. The combustible matter in the ash was 15.8% 
while all the volatile matter evolved to the gas phase. This translates to an 
unburned carbon was about 3.2%. After an elapsed time of 6 hours and 55 
minutes the power-generation was 10 MWe, and pulverised coal was supplied to 
four main boiler burners of the upper burner level above PFS when the power-
generating unit load became 15 MWe.   
Table 5. Main results of industrial trials of Gusinoozersk TPP boiler starting-up with the 
help of PFS 
Day time 

of 
sampling 

Gas temperatures in 
the furnace, turning 

chamber and exhaust 
gas 

Characteristics of raw 
coal before the mill 

Combustible and volatile
matter content in dry 

dust loss before 
electrofilter  

 Combustible and volatile 
matter content in pulp 

after electrofilter 

hours- 
minutes 

Number 
and type 

of the 
boiler Tf, 

OC 
Tsc, 

OC  
Teff,

OC 
WW,

%  
Ad,
%  

Vdaf,
%  

QWI, 
kcal/kg CV, % Vdaf, % CPULP, 

% Vdaf, % 

6-00 825-1025 200 61 48.1 11.1 30.7 13.4 
7-35 985-1040 300 80 23.1 8.7 27.6 7.0 
11-00 1030-1175 370 83 15.8 4.4 16.5 3.8 
13-25 

#2 
BKZ-
640-
140 1050-1200 380 85 

26.0 28.4 45.0 3840 

30.2 7.0 20.2 6.6 

When the temperature in the turning chamber was 380OC (7 hours and 25 
minutes from the start-up initiation) and for a power generation of 45 MWe, 
pulverised coal was supplied to all of the upper level main burners. Temperature 
of the gas inside the furnace on the outlet achieved 1050-1200 OC. After 10 
hours from start-up, the power of power-generating unit achieved 120 MWe, the 
temperature inside the furnace (height is 32.3 m) was 1150-1300 OC, the 
temperature of the flue gas in turning chamber achieved 480OC and the flue gas 
temperature after electrostatic precipitator (ESP) was 90OC. Plasma-fuel systems 
are stopped after attaining these conditions. The burners equipped with plasma 
generators then operate as the main pulverised coal burners and the boiler itself 
operates in design mode without the need for further plasma stabilisation. 



Fig. 16 summarises the start-up period. As seen from the figure, the 
temperatures of exhaust gas, milling agent, gas in turning chamber and minimal 
and maximal temperatures in the furnace increase monotonously. 

 
Figure 16. Variation the main parameters of the trial with the duration of plasma 

starting-up of the boiler BKZ-640-140. 
CV is combustible matter content in dry dust loss before electrofilter; CPULP is 
combustible matter content in pulp after electric filter; Vdaf is volatile matter 
content; Tex is exhaust gas temperature; Tm is temperature of milling agent; Ttur 
is gas temperature in the turning chamber; Tf is gas temperatures in the furnace. 



The curves for combustible and volatile matter content in the dry coal dust 
before the ESP and pulp (slurry) downstream of it have minima. Their 
subsequent rise can be explained the whole upper level of main burners not 
being equipped with PFS. 

Further heating of the furnace decreases combustible and volatile matter 
content in dry dust before the ESP and pulp after electric filter and brings to 
conformity with the boiler Operating Instruction. Note, minimal temperature Tf 
(Fig. 5) is temperature of the pulverised coal flame at the PFS outlet near the 
burner throat. The maximum flame temperature Tf was measured by Infrared 
Pyrometer. 

The following data were measured when the boiler power was 120 MW and 
the excess air factor was 1.24 the: concentration of oxygen (O2) in exhaust gas 
was 6.1%, NOx was 700 mg/nm3 (1431.5 ppm), unburned carbon was 0.8%, 
temperature in the body of flame was 1270OC and temperature in the furnace 
outlet was 1050OC. The concentration of carbon dioxide (CO2) in exhaust gas 
calculated through O2 concentration was 14%. 

Comparison of the experimental data with the predictions (Fig. 15) shows 
satisfactory agreement. As we can see the difference in temperature of the 
combustion products inside the furnace is not more than 17% and at the furnace 
outlet it is about 6%. The difference in concentrations of oxygen in the exhaust 
gas is about 30%. A possible explanation of the discrepancy is the 60% boiler 
load factor during the period of the measurements. 

CONCLUSIONS 
• Developed, investigated and industrially-tested plasma-fuel systems (PFS) 

improve coal combustion efficiency of, while decreasing harmful emission 
from, pulverized-coal-fired Thermal Power Plants. 

• PFS eliminate the need for expense gas or oil fuels on start-up.   
• PFS improve coal ignition and burnout without the need for such remedies 

as increasing the mill temperature, augmenting the excess air factor, or finer 
grinding.  

• The application of different numerical modelling approaches of pulverised 
coal preparation for combustion within the plasma burner has shed new light 
on the possible chemical and physical mechanisms of the coal-plasma 
interaction.  

• Although the combustion process of pulverised coal may not be in thermal 
equilibrium, the present thermal equilibrium calculations resulted in 
predictions close to the experimental data. 



• Simulation of an industrial boiler in conventional and plasma operational 
modes reveal that during the operation of PFS results in stable ignition and 
intensive burning of the pf at reduced temperature, conditions which reduce 
the amount of nitrogen oxide formation. 

• Prior to the wider implementation of PFS, additional data relating to further 
coal types and their blends are ideally required. 
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