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ABSTRACT:  

 In this work a study of quality of coal or „black gold” as it all so called was performed. The fineness 

of grinding coal greatly influences the emission of pollutants. The finer of coal and the higher temperature 

influences the higher NOx emission. 

 The presence of moisture in coal and the burning of larger particles implies a decrease in the 

emission of nitrogen oxides, but higher energy consumption. Also, the calorific value of the fuel used influences 

the emission of pollutants, a low calorific value leads to high dust and flue gas emissions and high fuel 

consumption. Young coals, as they are considered to be in the quarries that supply power plant Rovinari, have 

a high content of volatile matter, which favors the process of igniting fuel, stabilizes the flame and helps burn 

coke. 
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1.INTRODUCTION 
  

At the moment, flue gas desulphurisation 

installations, nitrogen oxide emission 

reduction installations, dust retention 

installations are already being implemented or 

are being implemented at the Oltenia thermal 

power plants, precisely in order to try to align 

with the regulations. on environmental 

protection imposed by legislative norms [5]. 

The current state of pollution at Rovinari 

power plant depends on the upgrades to the 

thermal energy equipment used, the operating 

personnel, the quality and characteristics of the 

fuel used. 

A number of parameters, such as: excess air, 

flue gas temperature (fgt) concentrations of 

SO2, NOx, CO2, CO, O2, dust, emissions 

largely depend on the nature and 

characteristics of the fuel used. 

It differs from one quarry to another, from 

one layer to another, with different energy 

characteristics, hence the difference between 

the resulting emissions. 

 

2.ENERGY CHARACTERISTICS OF 

COAL 

 

The Rovinari thermal power plant uses lignite 

from three quarries located near the plant: 

Rovinari Nord, Roşia and Pinoasa. Coal 

reserves are high and will provide the 

necessary coal for decades. 

The composition of coal differs from one 

quarry to another and even from one layer to 

another. The carbon content varies between 

20.40 - 22.40%, the sulfur content 0.60 - 

0.80%, the hydrogen content 2.35 - 2.50%, the 

ash content between 19.38-23.00 %, total 

humidity between 41.20 - 44.00%.[1] 

These features can vary from week to week or 

even from day to day. 

 The analysis was performed on certain days. 

Of course, the analysis may be completely 

different on other days. The purpose of the 

presentation was to show what variations there 

are between different careers and even within 

the same career. 
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The caloric power during the three months 

varies between 1770-1940 kcal / kg as can be 

seen in figure 1. 

 
 

 

 Figure 1. Graphical representation of the 

variation of caloric power for the three 

months to the three careers 

 

All these characteristics influence the 

composition and amount of flue gases that 

contribute greatly to pollution. 

The sulfur content varies for Rovinari power 

plant coal between 0.6 - 1.1%. In the case of 

the measurements performed, it varied 

between 0.60 - 0.80%. Sulfur burns and 

develops heat but at the same time SO2 is 

produced. Part of the SO2 resulting from 

combustion combines in the hearth forming 

sulfates of Ca, Mg, Na and remains in the ash, 

and the rest is entrained in the flue gases under 

certain conditions (temperature, oxygen 

concentration) . 

The amount of SO2 formed is directly 

proportional to the amount of sulfur in the fuel. 

VSO2 = 0.7 · S / 100 Nm3 SO2 / kg comb. 

It is found that by increasing the S content from 

0.60% to 0.80% the volume of SO2 increases 

from 0.0042 Nm3 / kg to 0.0048 Nm3 / kg. 

Admitting a fuel consumption of 300 t / h in a 

group of 330 MW, it results that this increase 

from 0.60% to 0.80% results in an additional 

SO2 volume of 180 m3N of SO2. Depending on 

the volume of SO2, the operation of the 

desulphurisation plant must also be adjusted. 

Calorific value varies widely and as a result 

fuel consumption also varies widely. High fuel 

consumption leads to high emissions of ash 

and flue gases. 

The variation of calorific value depends not 

only on the quarry but also often on the 

variation of the composition of the coal in the 

layer. Basically, the variation of the caloric 

power, of the volume of flue gases, of the ash 

content is permanent, which makes it difficult 

to lead the combustion process[9]. 

The nitrogen content of lignite was between 

0.70 - 0.75%. 

Volatile substances represent the total amount 

of gaseous products released by heating the 

coal particle. The younger a coal is, the higher 

the volatile matter content and the lower the 

carbon content. 

In young coals, the release of volatile matter 

begins at a lower temperature than in old ones 

because the concentration of volatiles is higher 

in young ones. At the beginning of the coal 

heating, water vapor, CO and CO2 are released 

[2]. As the temperature increases, CmHn 

hydrocarbons predominate, which together 

with the other volatile substances form a 

gaseous envelope around the coal particle. 

Now the first nitrogenous components begin to 

appear in volatile substances by breaking 

bonds. This rupture takes place at temperatures 

between 700 – 100000C. Nitrogen release is 

not constant in intensity. The main nitrogen-

containing gaseous substances are HCN 

hydrocyanic acid and NH3 ammonia. The 

volatile content of coal influences the 

formation of volatile components with 

nitrogen. Thus, when the content of volatiles 

decreases from 40% to 10%, the released 

fraction of nitrogen from coal is reduced from 

53% to 20%. 

Figure 2 shows the dependence of the 

volatilization rate and the degree of nitrogen 

release depending on the carbon content and 

temperature. It is found that in lignite the 

degree of nitrogen release is very high (over 

80%) at temperatures higher than 1800K. 

At temperatures of 600K, about 20% of 

volatile matter is released. In the case of the 

semi-coke (curve 4) the release of birds begins 

at high temperatures (1200K) and 1800K. 
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Figure 2. Dependence of volatilization rate 

and degree of nitrogen emission from coal as 

a function of temperature 

1 - coal a; 2- lignite; 3- coal b; 4 - coal 

semicokes b 

AV / AC - the ratio between the mass of 

volatile nitrogen and coal 

 

The coals from the Rovinari Basin are 

considered young coals and have a high 

volatile matter content between 14.26 - 

38.21% according to the measurements 

performed which are shown in figure 3. 

 
 

Figure 3.Volatile content of burnt coal 

 at CTE Rovinari from the three quarries 

 

The volatiles were determined by weighing the 

fuel sample after the moisture had been 

removed from it by drying in an oven at 1050° 

C and placing it in the oven at 85°C for 7 

minutes[1]. 

The high content of volatile matter favors the 

ignition process of fuels, stabilizes the flame 

and helps to burn coke. 

Volatiles help reduce the formation of nitrogen 

oxides because by burning they consume 

oxygen and reduce the likelihood of combining 

oxygen with nitrogen. Burning in the hearth is 

faster and nitrogen does not have time to 

combine being driven by the flue gas 

stream[8]. 

 

3. COAL PARTICLE BURNING 

 

The process of modeling coal combustion is 

generally simplified by reducing the following 

reactions: 

Coal → Coke + Volatile 

Volatile + O2 → C + H2O  

CO + 1 / 2O2 → CO2 

ΦC (coke) + O2 → 2 (Φ-1) CO + (2-Φ) CO2  

where: Φ is the equivalent ratio. 

The first step, after the coal particle has been 

heated to an appropriate temperature, is 

devolatilization. In general, volatiles are 

represented in the form of a single species, for 

which the combustion rate (steps 2 and 3) is 

controlled by mixing with an oxidant, 

assuming that it oxidizes CO to CO2. In terms 

of stoichiometry, ignition temperature and 

flame temperature this can lead to 

inaccuracies. The last stage is the burning of 

the coke, a much slower process than the 

devolatilization determining the total burning 

time of the coal particles in the hearth. It 

depends on various parameters such as 

temperature, oxygen concentration, residence 

time as well as the reactivity of the coke. 

There are four steps in burning a coal particle: 

removing moisture from the particle surface at 

relatively low temperatures; pyrolytic 

evolution of the formed water; a more 

extensive stage involving the evolution and 

combustion of volatile matter; burning of 

carbonaceous residue. 

 

CONCLUSION 

 

Examination of these data shows that they are 

not sufficiently suitable for the temperature of 

1000K, a temperature that is particularly 

important in the devolatilization process, so it 

is possible that these data will need to be 

revised for lignite. According to studies 

conducted at low temperature, decomposition 

Materii volatile [%]

Rovinari Nord 37,84

Pinoasa 14,26

Roşia 38,21
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involves three steps: early removal of unstable 

groups, loss of major components, and loss of 

hydrogen at high temperatures. A number of 

one-step equations that will produce rapid 

devolatilization have been examined, based 

on: 

-results for the intermediate devolatilization 

area for coal; 

- typical values for biomass based on cellulose 

[6]. 

 In addition, a very fast rate with such a fast 

value was assumed that the devolatilization 

was controlled by the heating rate of the 

particle. The presence of the flame, which is 

observed inside the combustion chamber in the 

experiments, depends on the rate of release of 

the birds and from this point of view even the 

fast models are satisfactory. However, the 

kinetic choice has an impact on another area as 

well, this being the effect of slag. Clearly, the 

calculated quantity is minimized by choosing 

the fast kinetics but there is a 10% concordance 

between the calculated and the measured 

values. The shape of the lignite particle, which 

depends on how dry it is, along with the pattern 

of moisture release are also important. 

When lignite burns, the existing conditions 

favor low NOx emissions mainly due to the 

high level of volatile matter release and due to 

the low existing temperatures partly due to 

humidity. The large amount of volatiles 

released corresponds to a large release of 

nitrogen from the volatiles, which results in the 

formation of a smaller amount of nitrogen 

from the coke in the primary area, which leads 

to lower NOx emissions [3]. 

Also, the regions with low oxygen 

concentration coincided with the regions with 

high temperature, where most of the coal 

particles are burned. The low O2 content of the 

carrier gas and the high moisture content of the 

fuel have a negative effect on the ignition of 

the coal causing a low combustion efficiency. 

Therefore, humidity is also a determining 

factor of fuel quality and implicitly of 

combustion efficiency. 

Factors that affect the combustion process of 

lignite include: moisture content, its 

preparation and dimensions, consistency, 

mixing conditions and turbulence, temperature 

and time-temperature cycle, quality and 

properties of ash and its behavior at high 

temperatures. 

The coal-fired power plants in Oltenia 

(Rovinari, Turceni, Craiova, Halînga) are used 

for combustion in the lignite steam boilers in 

the Oltenia Basin and in the Jiu Valley. Thus,  

Rovinari power plant burns coal from the 

Rovinari Basin, CTE Turceni burns coal from 

the Rovinari Basin and from Motru, Craiova 

power plant from the Oltenia Basin and the Jiu 

Valley [7]. 

Coal is extracted from quarries and 

underground and has different characteristics, 

depending on the place of extraction. Thus, the 

coal from the Oltenia Basin is totally different 

from the coal from Motru or from the Jiu 

Valley. Even within the same pool the 

characteristics are different from one career to 

another. 

For example, Rovinari power plant uses coal 

from three quarries: Roşia, Pinoasa and 

Rovinari Nord whose calorific value varies 

between 1590-1930 kcal / kg; the humidity 

varies between 41-46%, and the ash content 

varies between 19-23%. 

It should be noted that all these characteristics 

vary from day to day and in each quarry. These 

characteristics of coal influence the 

combustion process and as a result also 

influence the products resulting from the 

combustion process [4]. 

Apparently a 1% variation of a characteristic is 

believed that it would not influence the 

pollution too much but for the very large 

amounts of coal burned by an energy group 

(300000 kg / h) the variations of polluting 

products are very large. The correct regulation 

of the combustion process (excess air, hearth 

temperature, flue gas composition) depends 

very much on the composition of the burned 

coal and the amount to be burned. 

As the caloric power decreases, the amount of 

burnt coal must increase to provide the 

necessary heat. As a result, the amount of ash 

thrown on the chimney increases and the 

amount of flue gas increases. Basically, the 

combustion process must be adjusted at all 

times. 

In order to be able to adjust the combustion of 

the fuel as correctly as possible, the burned fuel 
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should have as constant characteristics as 

possible. 

Of course, referring to the influences on the 

performance of the energy group, we can say 

that in addition to the quality of the fuel used, 

given its basic analysis must take into account 

the fuel used (coal, fuel oil, gas), the efficiency 

being different for each. 
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