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Early information 
Abstract: Despite increasing environmental concerns, the utilisation of 
pulverised coal in power generation is likely to retain its important role in 
the near future. Although widely used and well established, the 
combustion of pulverised coal in utility boilers of thermal power plants 
still embraces a variety of difficulties. Thus, potential remains for 
improving and optimising the performance of this technology. This paper 
deals with the application of electric arc plasma systems in pulverised coal 
combustion technology. The overview of plasma system is given, 
followed by the presentation of numerical results, the experimental and to 
some extent the industrial measurements. Finally, the potential of applying 
plasma systems in other technologies is discussed. 
 

 
Predhodno priopćenje 

Sažetak: Usprkos općoj zabrinutosti za klimatskim promjenama i 
očuvanjem okoliša, za očekivati je da će ugljen i u bliskoj budućnosti 
zadržati svoju važnu ulogu u proizvodnji električne energije. Iako je od 
davno razvijena i u širokoj upotrebi, tehnologija izgaranja ugljena u 
pećima termoelektrana još uvijek uključuje i mnogobrojne probleme. 
Dakle, potencijal za poboljšanje i optimiziranje ove tehnologije postoji. U 
ovom članku prikazane su mogućnosti primjene elektrolučne plazme u 
okviru tehnologija izgaranja ugljena. Nakon opisa i prikaza plazma 
sustava, prikazani su numerički i eksperimentalni rezultati rada plazma 
sustava i njegovog utjecaja na proces plinificiranja i izgaranja ugljena. 
Konačno, naveden je i potencijal primjene plazma sustava u okviru drugih 
tehnologija. 
 

 
 

1. Introduction 
 

Today, coal is the second largest source of energy, 
generating some 41% of the world’s electricity [1], 
while during the last decade coal has been the world’s 
fastest growing energy source [1]. Apart from power 
generation, coal is used to produce 68% of the world’s 
steel [1], while close to 90% of the world’s cement is 
produced with the use of coal [2]. Others include 
production of aluminium, lime, brick, and so on. 
The utilisation of coal in power generation is 
widespread around the world, where for example 
countries like Denmark, USA and Germany still 
produce more than 40% of their electricity from coal, 
while Poland some 85% [3]. Finally, all scenarios on 
future energy demands estimate the increase in coal 
consumption. 
 
Compared with other fuels, the advantages of coal are 
proven and widely available reserves, coal price, and 
costs of generated electricity. The disadvantages are 
primarily related to CO2 emissions released during the 
coal combustion. 
 

The utilisation of coal is directly related to pollution 
since coal combustion generates emissions of different 
gases and particulates. The operation of power plants 
commonly necessitates the utilisation of other auxiliary 
fuels, such as heavy oil or natural gas. These are 
necessary for starting-up a cold boiler, while their 
environmental and economic contributions have to be 
taken into account as well. 
 
The development of coal combustion technology has 
relatively long history. Among the existing coal 
combustion technologies, pulverised coal combustion 
(PCC) is the most widely used and generally accepted 
as a referent technology [4]. In order to increase the 
economics and the environmental performance of coal-
fired plants, a range of technologies have been 
developed. They are applied at different stages of coal 
life cycle, and they all referred to as ‘Clean Coal 
Technologies’ (CCT). 
They may be separated into two groups, where 
technologies within the first group are mainly concerned 
with the pre-combustion treatment of coal (e.g. 
‘washing’ of coal), and the reduction of pollutants 
generated by existing pulverised coal combustion 
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systems (e.g. flue gas desulphurisation, electrostatic 
precipitators, low-NOx burners, selective catalytic 
reduction, etc.). Second group of CCTs includes the 
variety of advanced coal technologies, such as 
Supercritical (SC), Ultra Supercritical (USC) and 
Integrated Gasification Combined Cycle (IGCC) plants, 
and Carbon Capture and Storage (CCS) technology. A 
detailed account of these technologies is beyond the 
scope of this paper. 
 
Although well established and deployed worldwide, the 
utilisation of coal in power generation still embraces a 
variety of difficulties. Thus, a lot of potential remains 
for improving and optimising the performance of this 
technology. Nonetheless, amongst the existing 

difficulties two specific problems may be also 
identified. The first being high sensitivity of the 
combustion process on the quality of utilised coal, 
which affects the stability of the flame. The second 
being a necessity to warm up a cold boiler, in order to 
attain its operational temperature. 
Both problems require the consumption of appreciable 
amount of the auxiliary fuels. Based on existing 
estimations some 50 million tonnes of heavy oil per 
year are consumed for supporting the coal flame and for 
starting up of a cold boiler [5]. As a possible solution a 
plasma technology has been proposed and already 
applied in number of coal-fired power plants [6]. 
 

 

2. Plasma Technology for Coal 
Combustion 

2.1. General description 
Conventional pulverised coal systems utilise auxiliary 
fuels for initial warming up of a cold boiler and for 
supporting the unstable combustion of low rank coals. 
Taking into account the availability and the prices of 
heavy oil and natural gas, their consumption in 
pulverised coal-fired power plants as auxiliary fuels 
could be barely justified. As technologically and 
economically effective substitution to auxiliary fuels, 
plasma systems have been proposed [7, 8]. 
 
Plasma technology for combustion of pulverised coals 
may be summarised as heavy oil- or natural gas-free 
technology for starting up of a cold utility boiler and for 
stabilisation of the flame during the combustion of low 
rank coals in coal-fired power stations. Thus, with the 
addition of plasma coal could be ‘prepared’, usually 
within a separate chamber, and used as supporting 
(auxiliary) fuel. The immediate benefit is the 
requirement of only one fuel being supplied, stored and 
used to achieve the full operation of a boiler of coal-
fired power plant. 
 
Generally, this concept involves the separation of a 
proportion of pulverised coal - air mixture from the bulk 
flow, and the treatment of this separated flow with the 
electric arc plasma (within a separate plasma chamber, 
Figure 1). The ratio between pulverised coal and air 
provides oxygen deficient conditions. As a heat source 
and oxidiser, the electric arc plasma provides high 
temperature and chemically reactive environment. In 
such conditions, the complete release of volatiles and 
partial gasification of carbon residue takes place. This 
highly reactive and burning mixture of hot particles of 
unburned char and combustible gases (CO, H2 and 
CH4), is introduced into the main fuel stream, where the 
main fuel is ignited when mixed with the secondary air 
inside the combustion chamber of the boiler. 
 

 

Figure 1. Schematic view of plasma burner 

Slika 1. Shematski prikaz plazma plamenika 

 
The described concept is one of the possible solutions of 
application of plasma systems in coal combustion 
technology. The design of the plasma system primarily 
depends on its application, on the configuration of 
existing boiler, type of burners and on the properties of 
used coal. This technology has already proved its 
potentials through the industrial scale implementations 
in some 25 utility boilers of thermal power plants in 
Russia, Kazakhstan, Ukraine, Slovakia, China, Korea 
and Mongolia, utilising a wide range of coals [9]. 
However, wider application of such technology is still 
limited, mainly due to the shortage of the fundamental 
knowledge of the physics involved. Some of these 
involve the interaction between the coal particles and 
plasma, or the possible negative effects of plasma 
systems on the performance of utility boiler. 
 

2.2. Plasma Generator (Plasmatron) 
The most important part of the plasma system is a 
plasma generator. The type and the arrangement of the 
plasma generator depend primarily on the application of 
the plasma system. In this paper, low-temperature 
plasma generator that creates a non-transferred arc 
plasma discharge is presented (Figure 2). 
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As a result of electric arc formation between two 
electrodes and the injection of high velocity air through 
the area of arc formation, a plasma discharge is created. 
As a source of energy, a direct current (DC) electric 
power supply is used. Due to the high concentration of 
energy within the arc formation region, the injected air 
is rapidly heated to the high temperature level, which in 
this case may reach up to 10000 K within the arc region 
[10]. The mass-averaged temperature of the plasma 
flame at the exit from the plasma generator may reach 
around 5000 K. To prevent the plasma generator from 
overheating, the whole body and the electrodes are 
water-cooled. 
The body of plasma generator is made of electrical 
copper with the graphite electrodes designed as insets 
(Figure 2). This arrangement prevents the wearing of 
the plasma generator body, and allows easier 
replacement of electrodes after they have been 
consumed. The attached electromagnetic coils around 
the graphite electrodes give the rotational motion to the 
electric arc. This concept increases the lifetime of the 
electrodes by distributing the electric arc formation 
point over the whole area of both electrodes. In addition 
it increases the heat transfer between the electric arc and 

the plasma gas (air). The plasma formation gas at high 
velocity is tangentially supplied to the plasma generator, 
rotating in the same or the opposite direction of the 
electric arc. 
 
The geometry and operational data of plasma generator 
from Figure 2 are presented in Table 1. 
 
Table 1. Plasma generator specification 

Tablica 1. Specifikacija plazma generatora 

PLASMA GENERATOR 

Weight (kg) 30 

Length (m) 0.25 

Outer diameter (m) 0.20 

Nozzle outlet diameter (m) 0.09 

Electric power (kW) 72 

Plasma gas air 

Mass flow of plasma gas (kg/h) 18.0 

Inlet air temperature (K) 293 

Outlet air temperature* (K) 5460 

Thermal efficiency (%) 81 

Propane (C3H8) mass flow (g/h) 100 
 

(*) estimated by thermodynamic calculations 

 

 Length = 0.25 m 
Diameter = 0.2 m 
Weight = 30 kg 

air

propane
anode (-)

cathode (+)

electromagnetic coil

a) b) 

0.1 kg/h 

Cathode (-)

Anode (+)

 

Figure 2. Photo and schematic of plasma generator 

Slika 2. Fotografija i shematski prikaz plazma generatora 

 

2.3. Plasma Burner 
The rearrangement of a typical pulverised coal “direct 
flow” burner into the plasma burner is illustrated by the 
schematic sketches in Figure 3. Since the stable ignition 
of pulverised coals of lower rank could not be achieved 
by direct introduction of open plasma flames into the 
combustion chamber of utility boiler, the preparation of 
coal for combustion within the separate chamber is 
applied [7]. 
As shown on Figure 3, a part of the primary stream of 
air-pulverised coal mixture is separated from the main 
flow and supplied to the boiler through the coaxially 
placed additional cylinder. The plasma generator is 
attached on the cylinder body. This additional cylinder 
represents a plasma chamber. The proportion of the air-
coal mixture that is delivered to the plasma chamber 
depends primarily on the properties of coal. In this 

example it is assumed as 30% of the total fuel supply of 
the burner. The ratio between the mass fraction of coal 
and air delivered to the plasma chamber may vary 
depending on the composition of coal, from 0.3 to 0.75 
[11]. This ratio provides the oxygen deficient 
conditions. 
 
Within the plasma chamber, the pulverised coal 
particles are treated by high temperature plasma flame, 
releasing their volatiles. Due to the lack of oxygen 
volatiles are partially combusted, while the residual char 
may experience partial gasification, depending on the 
local conditions. At the exit from the plasma chamber, a 
highly reactive mixture of combustible gases (mainly 
CO with small addition of H2 and CH4) and unburned 
char is coaxially delivered to the primary section of the 
burner, prior to its introduction into the combustion 
chamber of boiler [7]. 
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In order to maintain successful and efficient preparation 
of coal for combustion, it is particularly important to 
prevent the mixing of the produced highly reactive 
mixture with the main air-fuel mixture before they enter 
the combustion chamber of the boiler [11]. Through 
this, the process is well balanced since it consumes as 

little as possible energy for coal preparation, while on 
the other hand, the output from the plasma burner 
carries exactly the required amount of energy for 
igniting the main fuel stream inside the combustion 
chamber [10]. 
 

 

Figure 3. Schematic view of conventional pulverised coal “direct flow” burner rearrangement into plasma burner 

Slika 3. Shematski prikaz prilagodbe standardnog plamenika ugljene prašine u plazma plamenik 

 

3. Numerical Study 
 

Numerical simulations have been carried out using the 
two-phase flow combustion code ‘FAFNIR 3D’, 
developed within the Thermo-fluids group at Imperial 
College London. 
The code has been extensively validated with the data 
obtained from variety of practical combustion 
configurations [12, 13]. A detailed account on features 
of the main code is beyond the scope of this study. 
 

3.1. Plasma generator 
In order to simulate the operation of plasma generator, 
the measured values of temperature profiles are used, as 
shown on Figure 4. 
 

 
P = 100 kW 

m  = 36 kg/h 

 

Figure 4. Measured isotherms of plasma flame 

Slika 4. Izmjerene vrijednosti izotermi plazma plamena 

 
This included the simulation of the spreading rate of 
plasma jet emerging from the plasma generator nozzle. 
 

Predicted isothermal profiles are presented in Figure 5. 
The comparison of experimental and numerical data for 
the spreading length of several isothermal contours 
along the symmetry line is presented in Table 2. 
 

Temperature (K)

 

Figure 5. Predicted isotherms of air-plasma flow from the 
plasma generator 

Slika 5. Izoterme na izlazu iz plazma generatora 

 
As shown in Table 2, a good correlation is achieved 
between predicted and measured results of the spreading 
length of isotherms along the symmetry. 
 
Table 2. Comparison of measured and predicted data for the 

spreading length of isotherms along the symmetry 
axis 

Tablica 2. Usporedba mjerenih i simulacijskih vrijednosti za 
dužinu izotermi uzduž osi simetrije plamena 

 Temperature (K) 
Length (m) 5000 4500 4000 3500 2500 2000 1500 1000 

Experimental data 0.030 0.050 0.086 0.116 0.153 0.188 0.227 0.375 
Numerical data 0.030 0.086 0.109 0.123 0.167 0.202 0.255 0.370 

  

a) Conventional burner b) Plasma burner 
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3.2. Plasma Burner 
The plasma burner (chamber) is a horizontal cylinder 
with the plasma generator placed on the burner body as 
shown in Figure 6. The plasma generator provides the 
heat necessary for preparation of coal for combustion, 
which means the partial combustion and gasification of 
pulverised coal within the length of the burner. 
Different arrangements and designs of plasma burners 
are possible, depending on the type of existing burners, 
the configuration of furnace and the properties of 
utilised fuel. In this study, a cylindrical direct flow 
burner is considered. 
 

 plasma
generator

pulverised
coal flame

furnace

air-fuel
mixture

plasma burner
 

Figure 6. Illustration of cylindrical direct flow plasma 
burner [14] 

Slika 6. Ilustracija cilindričnog plazma plamenika s 
direktnim strujanjem 

 
The schematic of plasma burner is presented in Figure 
7. The burner is a cylinder, 0.25 m in diameter and 2.35 
m in length. On the inlet side (left), the plasma burner 
(PB) is attached by a mounting flange to the fuel-
delivery pipe. On the outlet side (right), the burner 
interfaces the furnace. The supply of air/pulverised coal 
mixture is delivered to the PB at a slightly preheated 
temperature of 350 K, and at velocity of around 20 m/s. 
 
The body of PB is lined with a ceramic material which 
is not water-cooled, since the objective of the wall is to 
prevent the heat loss from the combustion chamber of 
the plasma burner maintaining a hot environment. 
During the stabilised operation of plasma burner, the 
temperature of non-cooled wall is around 800 K. 
According to the measurements [10], the wall could be 
considered nearly adiabatic. 
 
At axial distance of 0.35 m from the inlet plane of PB, 
the plasma generator is placed on the top of horizontal 
cylinder of plasma burner body. For the nominal electric 
power supplied to the plasma generator of 100 kW, the 
thermal efficiency of plasma generator of around 85%, 
and the mass flow rate of plasma gas of 54 kg/h, the 
plasma generator produces a low-temperature plasma 
flame. At the outlet of the generator, a mean 
temperature of the flame is around 2800-3000 K. 
 
The specifications of geometry and operational data of 
the plasma burner are summarised in Table 3. 
 



Air/Coal
mixture

350 K

350 mm

40 mm

Plasma Gas (Air)
G

air
 = 0.015 kg/s

60 mm

Plasma Gas (T
G
 = 2800 K)

2350 mm

T
w
 = 800 K (the temperature of lined non-cooled wall)

250 mm

Plasma Generator

Plasma Burner

 

Figure 7. Schematic of plasma burner 

Slika 7. Shematski prikaz plazma plamenika 

 
The mass flow rates of pulverised coal and air supplied 
to the PB are 1750 kg/h and 3500 kg/h respectively 
(Table 4). This gives the ratio between the fuel and air 
() defined as 0.5 kg of pulverised coal per 1 kg of air. 
At such fuel/air mixture concentration, the conditions 
within the plasma burner may be classified as highly 
fuel-rich, having the equivalence factor () around 
3.35. 
 
Table 3. Geometry and operational data of plasma burner 

and attached plasma generator 

Tablica 3. Dimenzije i radni parametri plazma plamenika, te 
spojenog plazma generatora 

OPERATING DATA 

Plasma Burner 

Length (m) 2.35 

Inner diameter (m) 0.25 

Air flow (kg/h) 3500 

Velocity (m/s) 20.0 

Temperature (K) 350 

Coal dust concentration (kg/kg) 0.50 

Plasma Generator 

Electric power (kW)* 100 

Plasma gas air 

Mass flow (kg/h) 54 

Inlet air temperature (K) 298 

Outlet air temperature (K) 2800 

Nozzle diameter 1 (m) 0.04 

Nozzle diameter 2 (m) 0.06 

Outlet velocity (m/s) 94.6 
 

* at U =380 (V) and I = 300 (A) 

 
The pulverised coal supplied to the burner is 
‘Tugnuiski’ black coal, having some 60.5% of carbon 
and 35.6% of volatile matter. The composition and 
properties of test coal, and its particle size distribution 
are summarised in Table 4. 
 
Figure 8 shows the predicted temperature contours 
along the burner axial direction and in the symmetry 
plane. It can be seen that the plasma jet temperature 
dissipates rapidly as the mass flow of plasma gas (54 
kg/h) is significantly smaller than the mass flow of the 
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main stream (3500 kg/h). By deflecting the plasma jet in 
the direction of the main cross flow, the penetration of 
the plasma jet in the radial direction is reduced, also 
reducing the region of plasma flame interaction with the 
coal particles. It may be concluded that the plasma 
flame acts as an ignition source, similar to the electric 
spark found in internal combustion engines. 
Furthermore, the contribution of radiative heat transfer 
(coming from surrounding walls and coal particles), and 
the contribution of convective heat transfer (coming 
from flue gases) play the important role. 
 
Table 4. The specification of Tugnuiski coal 

Tablica 4. Specifikacija Tugnuiski ugljena 

TUGNUISKI COAL 

Proximate analysis (wb) mass % Particle size distribution* 

Moisture 2.80 D = 160 m      5 % 

Volat. matter 35.6 D = 130 m    15 % 

Fixed carbon 42.7 D =   74 m    20 % 

Ash 18.9 D =   50 m    40 % 

Ultimate analysis (wb) mass % D =   24 m    20 % 

Carbon 60.5 
Lower calorific value: 
23.0 MJ/kg 

Hydrogen 4.10 

Nitrogen 1.20 

Sulphur 0.40 Coal feed rate: 
1750 kg/h Oxygen 12.1 

 

* assumed particles size distribution (mass %) 

 
The measured and predicted temperature profiles at the 
outlet from the plasma burner can be seen in Figure 9. 
 
Generally, the temperature profile is in good agreement 
with measured data. Some discrepancies are evident on 
the left side of the graph, which could be related to the 
quality of the measurements (non-symmetric data). 
 
Further discrepancies are evident in the centreline 
region, showing some over predictions of the 
temperature level. These may be related to the possible 
underestimation of the plasma jet penetration depth into 
the cross-flow stream. 
 

0.35 m 

2.35 m 

 

 
 

Figure 8. Temperature contours at the plasma jet symmetry 
plane 

Slika 8. Temperaturna polja u ravnini simetrije s plazma 
plamenom 

 
 

 

0.125 0.075 0.025 0.025 0.075 0.125

Radial distance (m)

400

600

800

1000

1200

1400

1600

1800

2000

T
e

m
p

e
ra

tu
re

 (
K

)

experimental data
numerical data (TCEM)

x=2350 mm

 

Figure 9. Temperature contours at the plasma jet symmetry 
plane 

Slika 9. Temperaturna polja u ravnini simetrije s plazma 
plamenom 

 
The predicted profiles for species concentrations are 
given in Figure 10. It can be seen that the concentration 
of CO has reached some 25%, while CO2 around 7%. 
The concentration of H2 (1.2%) was over-predicted 
while CH4 is nearly zero. Generally, it could be 
concluded that the simulations give satisfactorily 
predictions of species concentrations, especially of 
carbon monoxide. 
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Figure 10. Radial species concentration profiles at the exit of 
the plasma burner 

Slika 10. Koncentracija plinova u radijalnom smjeru na 
izlazu iz plazma plamenika 

 

4. Experimental study 
 

An experimental plasma reactor shown in Figure 11 is 
developed in RDP-Almaty (Kazakhstan) [15]. The 
experimental equipment is conceived to investigate the 
process of pulverised coal gasification in plasma 
conditions, with special emphasis on the composition of 
the product gas and the conversion degree of coal as a 
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function of operational conditions. The experimental 
concept involves the direct injection of pulverised coal 
particles into the plasma generator, which is in this case 
a cylinder with an inserted graphite rod electrode. The 
input power supplied to this laboratory-scale reactor 
may be varied within the range 30 to 100 kW, the 
pulverised coal feed rate from 3 to 12 kg/h, while the 
gaseous reagent mass flow from 0.5 to 15 kg/h. 
 
The pulverised coal particles are directly injected into 
the region of electric arc formation, where particles 
experience higher temperatures and increased residence 
times, achieved by placing a diaphragm at the outlet 
from the plasma reactor. Coal particles completely 
release their volatiles within the plasma reactor volume, 
while further reactions of volatile gases and residual 
carbon depend on the operational conditions. The 
remaining particulate phase is separated from the 
gaseous phase, which may be then further treated and 
purified after the outlet from the installation. 
 
Different operational conditions could be attained by 
supplying the air or water vapour into the reactor or by 
manipulating the feed rate of reactants. Finally, by 
regulating the electric power supply to the plasma 
generator, different temperature levels may be achieved 
within the reactor (higher than 5000 K), affecting the 
extension and the intensity of chemical reactions of 
pulverised coal. 
 

 

plasma
generator

electromagnetic
coil

product gas

ash

electric power
supply

water vapour
supply system

pulverised coal
supply system

electrode supply mechanism

ash
collector

product gas and
ash separator

product gas cooling chamber

 

Figure 11. Laboratory-scale plasma reactor [9] 

Slika 11. Laboratorijski plazma reaktor 

 
A respectable amount of data has been collected from a 
number of experimental tests, comprising a variety of 
coals and operating conditions of plasma reactor [15 and 
16]. 
 
Generally, it was observed that during the gasification 
of pulverised coals with water steam supply, the 
produced gas was mainly formed of CO and H2, around 

90-95% vol., with smaller amounts of N2, CO2 and CH4. 
The concentrations of NOx and SOx were usually 
insignificant [9]. 
 
During the gasification with air supply, the 
concentration of CO and H2 was diluted due to the 
existence of molecular nitrogen coming from the air. In 
most of the experiments, the product gas was formed of 
CO and H2 (25-35% vol.), and N2 (around 65% vol.), 
with small additions of CO2 and CH4. The 
concentrations of NOx and SOx were dependent on 
nitrogen and sulphur contents of the parent coal and the 
available oxygen. 
 
Table 5. The example of experimental results for air-

gasification 

Tablica 5. Primjer eksperimentalnih rezultata za plinifikaciju 
u atmosferi zraka 

 
Air Gasification, Exp. No. 2 

G coal (kg/h) 4.0 
G air (kg/h) 4.7 

 (kg/kg) 0.85 

P (kW) 60 

 (%) 50 
Section 4 

H2 (vol. %) / 
O2 (vol. %) / 

CO2 (vol. %) / 
N2 (vol. %) / 
CO (vol. %) / 

CO+H2 (vol. %) / 
Section 6 

H2 (vol. %) 8.8 
O2 (vol. %) 0.1 

CO2 (vol. %) 5.5 
N2 (vol. %) 64.6 
CO (vol. %) 21.0 

CO+H2 (vol. %) 29.8 
Temperature (K) 2313 
Gasification (%) / 

 
 
During the experimental program, a small portion of the 
product gas was separated from the main flow at the 
outlet from the cooling chamber. To demonstrate its 
combustibility, the product gas (synthesis gas) was 
ignited by the electric spark. The test flame is shown in 
Figure 12. 
 

 

Figure 12. Pilot flame of the produced gas 

Slika 12. Pilot plamen proizvedenog sintetskog plina 
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5. Closure 
 

The specific application of plasma systems in coal-fired 
power plants have been briefly elaborated, while some 
of the operational data numerically and experimentally 
presented. As already mentioned, the presented plasma 
system is already applied in coal-fired power plants 
proving its technical and economic benefits [8, 17, 18 
and 19]. 
 
Apart from coal combustion, plasma systems have 
found their important role in waste treatment 
technology, where various industrial and municipal 
wastes [20] are treated by plasma. This technology has 
already been proposed as a possible solution to 
increasing problems related to storage, treatment and 
land filling of wastes. 
 
The waste materials used for incineration or gasification 
in industrial-scale applications include the municipal 
solid waste, auto shredder residue, industrial liquid and 
solid wastes, sludge, biomass and so on. 
Significant work on gasification of wastes using 
plasmas has been carried out by number of companies, 
such as ‘Westinghouse Plasma Corporation’ [21] and 
"Advanced Plasma Power [22], through construction of 
commercial plants worldwide. More details on 
operating plants could be found on corresponding web 
pages. 
 
Plasma systems have found their application in 
pollution control technology as well, where for example 
products of combustion are treated in post combustion 
stage by thermal or non-thermal plasmas [23]. 
Other applications of plasma systems include the 
production of basalt fibres used for the manufacturing of 
basalt filaments for heat and sound insulation materials 
[10]. 
 
In all of the above mentioned applications plasma has 
proved as reliable and feasible technology. The 
application of plasma systems is expected to increase in 
the future. Some of the reasons could be found in 
special characteristics of plasma’s flame when 
compared with “standard” flames. These include higher 
temperature levels and oxidising or non-oxidising 
conditions, ease of application, flexibility, low inertia 
and time required to achieve the operational conditions, 
etc. 
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