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In this paper we have looked into the qualitative analysis of coals in Bosnia and
Herzegovina. The analysis includes the following characteristics: moisture, ash,
combustible matter and lower heating value. From the statistic parameters we have
determined: absolute range, arithmetic mean, standard deviation and variations
coefficient. It has been shown that the coal characteristics have normal distribu-
tion. The analysis show that there are considerable deviations of ash characteris-
tics: moisture (36.23%), ash (34.21%), combustible matter (16.15%), and lower
heating value (25.16%) from the mean value which is shown by the variations coef-
ficient. Large oscilations of mass portions: W, A, V%, and H; around the mean value
can adversely influence the function of a boiler plant and an electric filter plant in
thermal power plants in Bosnia and Herzegovina in which the mentioned types of
coal burn. Large ash oscilations (34.21%) around the mean value point out to the
inability of application of dry procedures of desulphurisation of smoke gasses due
to the additional quantity of ash. It has been shown that the characteristics of
Bosnian types of coal do not deviate a lot from the characteristics of coal in the sur-
rounding countries (coals of Serbia and Montenegro). The results can be used in
analysis of coal combustion in thermal power plants, optimisation of electri-
cal-filtre, reduction of SO, in smoke gas, and other practical problems.
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Introduction

Installed power in the four thermal power plants in Bosnia and Herzegovina (B&H)
for the production of electricity is 1957 MW with the production of about 8300 GWh or 60.6%
of total produced electricity (tab. 1). From tab. 1 can be seen that the blocks installed in (B&H)
have been used mainly between 25 and 30 years, some over 40 years. In normal circumstances,
for these blocks, a question of replacement can be raised. The basic criteria for such decision,
apart from the price of capital, are the prognosis of market situation of electricity (placement and
price), prognosis of production expenses (energetic efficiency of a plant and the price of fuel), as
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well as meeting the conditions of the minimal effect of the plant to the environment [1, 2]. Indus-
trial testings of electric filter plants in the observed thermal power plants show large emissions
of sulphur oxides and emission of ash into the atmosphere [3].

Table 1. Basic data on thermal power plants in B&H [3, 4]

Thermal power . Installed Available power.
erating from T'ype of coal* i
plants Op g powet, [MW] [MW]

Tuzla 1964 LM 779 671
Kakanj 1956 M 578 486
Gacko 1983 L 300 265
Ugljevik 1985 M 300 268
Total 1957 1690

* M - brown coal, L — lignite, LM — lignite and brown coal

Coals that combust in the boiler plants of thermal power plants in B&H are bad quality
(large quantity of sulphur, moisture, and ash) (fig. 1 and tab. 2).
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Figure 1. Map of mines and thermal power plants in B&H
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In the revitalisation process, thermal powerplants in B&H will have to adjust to the
new quality of coals which is in reality very often a mixture (homogenisation) of coals [5, 6]. In
that aspect the aim of this article is the qualitative analysis of coals combusted in boilers of ther-
mal power plants in B&H. Analysis should determine the quality of used coals and the possibil-
ity of application of obtained results in practice (coal homogenisation, electric filter optimisa-
tion, reduction of SO, in smoke gasses, designing devices for desulphurisation of smoke gasses
(FGD), efc.). In the qualitative analysis of coals in B&H, the following characteristics are in-
cluded: moisture, ash, combustible matter, and lower heating value.

Table 2. Characteristics of Bosnian coals [4, 7, 8]

Cha.racctz;ilsﬁcs 2 Kreka Ugilie- Gacko | Stanari | Zenica | Banoviéi | Breza | Kakanj | Mostar
| Proximate analysis [wt.%]
| Moisture, | 3500 | 3220 | 4114 5000 | 2530 | 3550 | 2000 | 1510 | 2193 |
| Ash, 4 1648 = 921 | 1176 | 980 | 1818 | 2098 | 1472 2625 | 19.11 |
| Totalsulphur,s, = 044 | 528 | 102 | 015 | 336 | 091 | 267 175 | 440 |
| Coke, K | 3085 | 37.69 | 3063 2550 | 4448 | 4307 | 4800 @ - | 4633 |
| Fixedcarbon, Cg, | 2137 | 2848 | 1887 | 1563 | 2630 | 2209 | 3328 - | 2722 |
| Volatile, 7o, 2512 | 3001 @ 2707 | 2450 | 3022 | 2143 | 3200 2990 | 3174 |
| Combustible, # | 48.52 | 5859 | 4594 | 4020 | 5622 | 4352 | 6528 5865 5896 |

Upperheatvalue of | 13506 | 17364 11078 = 10874 | 16262 @ 13007 | 19562 = 19578 & 16208

Lowheat value of | 13960 | 15709 | 9491 9100 14943 11575 | 18266 | 18469 | 15343
| coal, Hy, [kikg™']

Ultimate analysis [wt.%]

| Carbon, © | 3137 | 3932 | 2796 | 2600 | 3929 | 3170 | 4730 @ 4360 & 39.89
Hydrogen, H 2.54 3.78 2.48 233 3.05 2.42 3.54 430 3.20
Combustible

0.17 3.46 0.37 0.07 241 0.50 2.07 = =
sulphur, Seom | | | | | | | | | |
Nitrogen + 12.08 | 12.03 | 1523 11.81 11.77 8.90 12.37 9.00 12.67
oxygen, N+O | I | I I I | | |

Qualitative rating of coal characteristics in B&H

Of the statistic parameters we have determined [9-11]:

(1) absolute range R=max. X,—min. X, (i=1,2,3,...,n) €))
(2) arithmetic mean X = 1 fX,., or X = 1 if,-X,. 2
ni=1 ni=1
. 1 = 1 .
(3) standard deviation S = — SX,-X)2, or S =»‘1/ 1 (X -X)? (3)
n—1i=1 n—1li=1

(4) variation coefficient Cy = %IOO @)
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where 7 is the number of elements of sample characteristics, X; — the value of considered coal
characteristics, and X — the mean interval of coal characteristics.

Pearson’s y? criterium will check whether the coal samples are in concordance with
the assumption that a random variable (coal characteristics) X has the function of distribution
F(x) (normal distribution), or the deviations are large so the assumption has to be discarded.
When determining the value of Pearson’s y? criterium, the following is used:

k=1+33logn )
_R
= ) (6)
X, -X
== Q)
B(;) = — [e—12ds ®)
1 Jz_n 0
Di= P < X< X)=D(u) - P(u;,) ©

where £ is the number of intervals, i — the size of an interval, p;,— the probability that the random
variable Xe N(u, o) takes the value in the interval [X |, X;], P — the probability, u — the mean
value of statistic population, o — the standard deviation of statistic population, #; — the replace-
ment (alternation) of variables, and @(u,) — the Laplas function.

Testing of the mean values of coal characteristics has been carried out by using Stu-
dent’s ¢ test at the level of significance (risk) e = 0.05 and the following expressions have been
used:

I=n-1 10)

- t — ¢
[X— rle g X 4+l S} 1)
n-1 n-—1

where / is the number of degrees of freedom, ¢, ; , —the variable which is determined from the
table for Student’s distribution at the selected level of significance (trust) ¢z, and for the degree
of freedlom /=n—1.

By using numerical values of coal characteristics from tab. 2 and the expressions from
(1) to (4) the calculation of some parameters for coal characteristic ,,moisture® is:

R = max X —min.X = 50.00 — 15.10 = 34.90%

X =l iXi _ 3500 +3220+...+1510+2193 —3069%
ni=l 9
— S aY _ ¥\2 2
S = Li(X,-—X)Z =J(X1 X)P+(X, - X)) +.+HXy—-X) _
n—1i=1 9-1
_ (3500 -3069)2 + (3220 —3069)2 +.. +(1510 —3069)2 + (2193 —3069)>2 ~1112
8
S

C, ==100=3623%
X
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In tab. 3 the statistical results of calculation for the coals of B&H are shown.

Variations coefficient (C,) points out to deviations of the observed coal characteristics
from the mean value. The largest deviation from the mean value refers to the coal characteristic
moisture (W) and it is 36.23 % and ash (4) of 34.21%. This points out to larger oscillations of
mass contents of ash and moisture in coals of B&H which can adversely influence the function
of a boiler plant and an electric filter plant in thermal power plant objects such as power plants.

Table 3. Qualitative characteristics of Bosnian coals

Statistic parameters
Coal characteristics —
R X S Gy [%]
W, [%] 34.90 30.69 11.12 36.23
A, [%] 17.04 16.28 5.57 34.21
Ve, [%] 25.08 52.88 8.54 16.15
Hy, [kJkg™!] 9369.00 13884 3493.72 25.16

According to expressions (5) to (11) for the feature (characteristic) of coal ,,moisture*
the calculation of certain parameters is:

k=1+33logn=1+33log9=4.15=4

The lowest value of standardised variable u;=(X;— X)/S= (15.10—-30.69)/11.12=
= —1.40 has been replaced with —», and the largest value of standardised variable u; = (X; -
—X)/S = (50.00—30.69)/11.12=1.74 with +« since the random variable Xe N(u1, o) has been
defined in the interval (—, +e). All the calculations have been arranged and shown in tab. 4.

Table 4. Result of calculations for the feature (characteristic) of coal ,,moisture*

3 - - i
X 5 Il 2 = 3 o
o EX 8§ £7 5 . 0R g
5 = | §| ™ o = & T T| &
&1 g% | & «. ) 5 < o
=, 51 = = S I =
&} Z &
[15.10;23.83] 19465 3 | —11225 (-=;—0.62) 02676  2.4084 0.3500 0.1453
[23.83;32.56]  28.195 | 2 2495 | [-0.62,0.17 02999 | 2.6991 0.4887 0.1811
[32.56;41.29] @ 36.925 3 6.235 [0.17;0.95 0.2614 | 2.3526 @ 0.4191 0.1781
[4129;50.02 = 45.655 1 | 14965 | [0.95q+=] & 0.1711 15399 02915 0.1893
Total = 9 = = 1.0000 9 22 =06938

The result we got is ¥ 2 =0.6938. From the tables for the level of significance & = 0.05
and number of degrees of freedomr=k—r—1=4-2—1=1 (=2, number of unknown parame-



Djurié, S. N., et al.: Qualitative Analysis of Coal Combusted in Boilers of the ...
610 THERMAL SCIENCE: Year 2012, Vol. 16, No. 2, pp. 605-612

ters u and o), the critical value 3 . = ¥ 3 .. =384 can be found. Since yZ < x % the assumption
on normal distribution of coal characteristic ,,moisture can be adopted. In a similar way it can
be shown that other coal characteristics (4, V%, H;) are liable to normal distribution law. Now,
we are going to determine the interval within which the real value of coal characteristic ,,wet-
ness™ with the probability of 95% moves.

For the number of degrees of freedom / =# — 1 and the level of significance a = 0.05
and from the Sudent’s table of distribution it can be seen that £, ., = #5045 =2.31{. e. according
to the expression (11):

3069 - Ell.l2< 1< 3069 +£11.12

] V8

21.61% <u <39.77%

For other coal characteristics (4, V2, H,) the intervals of reliability are shown in tab. 5.
If the mean values of coal characteristics belong to the calculated intervals (tab. 5) then, possible
differences |X - ,u| can be assigned accidental, otherwise they are significant.

or

Table 5. Calculation results of determining intervals of reliability for coal characteristics

— ¢ —
_ — X-2E g enu<X+
Coal ¥ s " ¥-Ileg | ¥, flng Ja-1 #
characteristics b n-1 =l Bola g
n-1
W, [%] 30.69 11,12 231 21.61 39.77 21.61 < W< 39.77
A, [%] 16.28 5.57 231 11.73 20.83 11.73 <4 <20.83
Ve, [%] 52.88 854 | 231 4591 59.85 45.91 < VE < 59.85
Hy[lkg™] | 1388400 | 3493.72 | 231 1103065 | 1673735 | 1009 =Tle<
40000 For the purpose of comparing coal char-
T 25000 R acteristics of Bosnian coals to the surround-
3 5 b ing coals (Serbia and Montenegro [7, 12]) on
300001 LY fig. 2 to 5 we have shown the dependence of
T 25000 { . lower heating value of coal, carbon, volatile
30000 components and fixed carbon reduced to
55000 * Lignite Serbia combustible mass (basis without moisture
» Brown coal Serbia and ash). It can be seen that coal charac-
100007 4 Hard 003' Serbia teristics in B&H do not deviate a lot from
5000] * Lignite Montenegro , coal characteristics used in furnaces of boiler
# Coals of Bosnia and Herzegovina . .
0 _ ‘ plants in Serbia and Montenegro, hence, the
0 20 40 80 80 100  results can be applied not only on thermal
3 [%] power plants in B&H, but also on the thermal

Figure 2. Dependence of upper heating value of coal  POWST plants in the surrounding area (Serbia
and carbon reduced to combustible mass and Montenegro).
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20000 =un
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150001 * Lignite Serhia 40 1 #  «Lignite Serbia
= Brown coal Serbia = Brown coal Serbia
10000 1 1 Hard coal Serbia 204 aHard coal Serbia
| = Lignite Montenegro «Lignite Montenegro
50001 . Coals of Bosnia and Herzegovina s «Coals of Bosnia and Herzegovina
0 ‘ ‘ : : - 0 i 2 3 4 5 5
0 20 40 60 80\/30, [%]1 00 M =[(H0 — QUBN2)CE, [
Figure 3. Dependence of upper heating value of Figure 4. Dependence of fixed carbon and
coal and volatile components reduced to coefficient M reduced to combustible mass
combustible mass
100 _ :
Conclusions . + Lignite Serbia
£ = Brown coal Serbia
A . . =z 804 s Hard coal Serbia
By qualltat:lve analysis of charact.erllst:lcs qf 3 « Lignite Montenegro
Bosnian coals it has been shown that it is possi- o «, * Coals of Bosnia and Herzegovina
ble to accept the assumption that the considered ] il
coal characteristics (W, A, V¥, Hy) have normal 0 wwe. .
distribution. If the mean values of coal charac- ] '
teristics belong to the calculated intervals (tab. 2
5) then, possible differences (X —u| can be as- |
sumed to be accidental, otherwise they are sig- .
nificant. The analysis shows that there are sig- 0 1 5 M 4 5 5
nificant deviations of considered character- M = ((H - 0%8)12)/CY, (-]

istics: moisture 36.23%, ash 34.21%, combusti-
ble matter 16.15%, and lower heating value
25.16% from mean values, which is shown by
the variations coefficient C, (tab. 3). Large
oscilations of mass parts of considered coal characteristics around the mean value can adversely
influence the function of a boiler plant and an electric filter plant in thermal power plants in
B&H. This also points out to inability of application of dry procedures of FGD due to the addi-
tional quantity of ash. Unsteadiness of coals quality used in thermal power plants in B-H indi-
cates the need of equalization (homogenisation) of coals quality. Using a blended (homogen-
ised) coal would cause a wide range of positive effects like: increasing a heating value, lowering
a moisture, and ash in coal which results in better combusting and more stability in thermal
power plant production. This is in concordance with the result of measuring and testing electric
filter plants in thermal power plants in B&H and the need for reconstruction of existing and
building new thermal blocks for coal.

As B&H coal characteristics do not deviate a lot from other coals in the surrounding
countries (coals of Serbia and Montenegro) (fig. 2-5), the results can be applied to thermal
power plants in Serbia and Montenegro in which lignite burns. This conclusion is in concor-
dance with the testing results and practical measuring.

Figure 5. Dependence of volatile components
and coefficient M reduced to combustible mass
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Nomenclature
A — ash mass content in coal, [%] Su — mass partion of sulphure in coal, [%]
C — carbon mass content in coal, [%] f,1, — variable determined from the table for
Cs,  — masscontent of fixed carbon in coal, [%] Student’s distribution at the selected level
C, — variation coefficient, [%] of significance (trust) azand the degree of
fi — frequency, [-] freedom/=n -1
H — mass portion of hydrogen in coal, [%] u; — replacement (alternation) of variables
Hy — lower heating value of coal, [klkg™'] Ve — combustible matter, [%]
Hy — upper heating value of coal, [kTkg™] V.. — mass portion of volatile components in
i — interval size, [-] _ coal, [%]
k — number of intervals, [—] X — arithmetic mean, [%]
I — number of degrees of freedom, [] X — values of considered (features)
N — mass portion of nitrogen in coal, [%] characteristics of coal, [%]
n — number of elements in a sample, [] X ,' — centres of intervals of coal
o — mass portion of oxygen in coal, [%] characteristics, [%]
JA — probability for random variable to take
value within interval (X, 1, X)), [] Greek symbol _
R — absolute range, [%] @(u) — Laplas function, [-]
S — standard deviation, [%]
References

(1]
(2]

[3]
[4]

[5]
[6]
(7]
(8]
9]

[10]

[11]
[12]

Jager, G., Theis, A K., Power Plant Technologies for the Future Electricity Generation (in Germany), VGB
Power Tech, 83 (2003), 7, pp. 27-31

*** UN, Economic Commission for Europe, Committee on Sustainable Energy: Global and Regional
Coal Demand Perspectives to 2030 and Beyond (Prepared by Klaus Rendow, World Energy Council), Ad
Hoc Group of Experts on Coal Sustainable Development, Sixth Session, 2003

Smajevié, L., Prospect of Coal Based Electricity Production in Bosnia and Herzegovina Mechanical Engi-
neering, 2 (2004), 8, pp. 95-108

Cobanovié, Dj., et al., Sampling, Measurement and Laboratory Examination Report on Waste Materia
Emissions Into the Air, Coal, Slag and Ash Analysis, System Qualita, Pale — Institute of Mining, Zemun,
Belgrade, Coal Mining and Thermal Power Plant, Gacko, Bosnia and Herzegovina, 2007

Lazarevi¢, V., Lon¢ar, S., Mesarovi¢, M., Equalizing the Quality of Coal for Thermal Power Plants,
Thermotechnics, 33 (2007), 1-4, pp. 13-19

Kazagié, A., Smajevié, 1., Dui¢, N., Selection of Sustainable Technologies for Combustion of Bosnian
Coals, Thermal Science, 14 (2010), 3, pp. 715-727

Bogner, M., Thermotechnician 1., SMEITS, Beograd, 2004

KnezZevié, A, et al., A Study of Environmental Impact Power Plants Stanari 420 MW, Sarajevo, 2007
Jenkins, R. G., Walker, P. L., Analytical Methods for Coal and Coal Products, Academic Press, New York,
USA, 1978

Horea, N., Dorel, C., Gavril, N., The Distribution of Inorganic Elements Between Coal and Mineral Mat-
ter in Rumanian Lignite, Fuel, 74 (1995), 1, pp. 119-123

Shao, J., Mathematical Statistics, Second Edition, Springer-Verlag, New York, USA, 2010

Duric, S., Influence of Coal Characteristics (Sulphur and Ash Mass Contents and Ash Composition) and
Temperature on Dry FGD, M. Sc. thesis, Faculty of Mechanical Engineering, University of Belgrade, Bel-
grade, 1998

Paper submitted: June 12, 2011
Paper revised: January 20, 2012
Paper accepted: January 26, 2012



