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Abstract: The flue gases from coal fired thermal power plants, contain combustion gases (SO, NO,, CO,
CO2) and fine particles of fly ash. The concentration of sulfur oxides in the flue gas depends on the sulfur
content in the coal. The flue gas desulfurization (FGD) process at TPP Ugljevik utilizes a wet scrubbing
method, where a limestone suspension serves as the absorbent medium for sulfur oxides, with gypsum as a
byproduct. Comparative analysis of emission levels before and after the FGD system installation indicates
that the applied desulfurization technology is highly effective. The efficiency of the desulfurization plant
ranged from 83.91% to 100%, depending on the inlet concentration of SO: in the flue gas. Estimates show
that the FGD plant, depending on the intensity of operation, can annually remove between 7,000 and 55,800
tons of sulfur, with by-product gypsum production ranging from 3,660 to 29,280 tons. The implementation
of this flue gas purification process significantly reduces the impact on the environment and ambient air
pollution caused by sulfur oxides. For economic reasons, the plant is unfortunately unable to operate con-

tinuously.

Keywords: Flue gases, SO: emissions, desulfurization, wet scrubbing process.

1. INTRODUCTION

Air pollution is the presence of harmful sub-
stances in the atmosphere that adversely affect human
health and the ecosystem. The basic pollutants that en-
ter the atmosphere from various sources include sulfur
dioxide (SOz), nitrogen oxides (NOy), carbon monox-
ide (CO), carbon dioxide (CO2), PM10 and PM2.5
particles, as well as heavy metals and organic pollut-
ants [1]. One of the main problems when burning coal,
with a high sulfur content, in thermal power plants is
the emission of gaseous pollutants and particles. The
main gaseous pollutants are sulfur oxides, nitrogen
oxides, volatile organic compounds, carbon monox-
ide and carbon dioxide. Sulfur oxides originate from
the oxidation of sulfur present in coal, and their re-
lease into the atmosphere causes a number of negative

consequences for the environment and human health
(acid rain, deterioration of air quality, degradation of
ecosystems, corrosion of materials, plant extinction,
respiratory and cardiovascular problems in humans,
etc.) [2]. For this reason, great efforts are being made
to limit their emissions. One of the most commonly
used ways to limit sulphur oxide emissions is to desul-
phurize flue gases before they are released into the at-
mosphere [3], which brings significant environmental
and health benefits. Also, a solid by-product of the de-
sulfurization process - gypsum, can be widely used in
the construction industry, agriculture and other fields,
further reducing waste and improving the sustain-
ability of this process. However, the implementation
of the desulphurization process requires significant
financial investments, and the process itself can gen-
erate wastewater and sludge that must be adequately
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treated so as not to endanger the environment. Also,
the production and transportation of sorbents, such as
limestone, can have additional negative environmen-
tal impacts, including carbon dioxide (CO-) emissions
that occur during the thermal treatment of limestone.
Despite these challenges, flue gas desulphurization is
considered an environmentally friendly solution that
significantly contributes to reducing air pollution and
protecting human health, while the negative effects of
this process can be minimized by applying adequate
by-product management technologies [4].

The aim of this paper is to analyze the flue gas
desulphurization process in the Ugljevik Mine and
Thermal Power Plant and to determine the desul-
phurization efficiency.
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2. UGLJEVIK MINE AND THERMAL
POWER PLANT

The Ugljevik Mine and Thermal Power Plant
are located in the northwestern part of the Republic
of Srpska, in the settlement of Ugljevik. The main
activity of the Ugljevik Mine and Thermal Power
Plant is the production of electricity and the exploita-
tion and sale of lignite coal. Within this enterprise,
there are two operational units: the Mining Unit-Sur-
face Mine and the Thermal Power Plant Unit. The
settlement of Ugljevik is situated on the slopes of the
Majevica mountain in the valley of the Janja’ river, at
an altitude of 158 meters. The municipality has about
16,000 inhabitants. The Ugljevik Thermal Power

u
eprnoun

MnewTa

I
Budapest Acsocun-

Debrecen,
5

Koy

Mahapcka Cluj:Napoca

Tory Miypew

Cereaun
Seegec Tarou Mires

Temuwzap

_ imisoara
Spia . Bereumja Sarmes ) PymyHuja rane
i) Vercaglhs s Zagreb P a8
bl B ) =
. Spavna
\ XpBaTcKa - ”;“}’g‘(" i
Benosa Beisona e Bocha u 3 % S
ajosa
Genova o T XepLeroenHa il o - Kowéran
B3P -2 Conistan
Zagar )
FFW; Can MapuHo m
o
MoHako Dupenua St Csaa'f:ll:flf =
Firenze Bapria
UTtanuja
W E: Litnfees Cogs
Paszacs © e Kocoso B Byprac
e e nokrepuuse yrapcka %
. Siaes ekdnme o
(Corsica, SPuM ® MNnoeave | @ |
SRoma Tupata Cesepra_ [+
Bapu Tirané Makenoruja ‘r
..... —~ Bari 1
\ Hanyrns 2 -
< 7 An6annj S

Nagoll
SCanepno

‘ . O5alemo

Figure 1. Geographical location
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Figure 2. Satellite image of the micro-location of the Ugljevik Thermal Power Plant
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Plant is located about 30 km from the Drina River
and the border with the Republic of Serbia. The po-
sition of the Ugljevik Thermal Power Plant and the
micro location of the facility are shown in images
number 1 and 2.

The Ugljevik Thermal Power Plant started
operating in 1985 with an estimated aimed annual
production of 1601 GWh. It is a significant energy
facility in Bosnia and Herzegovina and the largest
generator of electricity in the Republic of Srpska,
supplying a large part of the country with electricity.
The Ugljevik Thermal Power Plant uses brown coal
as its main fuel, which is extracted from the open-
pit mine Bogutovo Selo, with a pre-estimated annual
production of 1,750,000 tons. The brown coal from
this location has a very high sulfur content (5-6%),
and its calorific value ranges from 10,000 to 13,000
kJ/kg. The chimney of the Ugljevik Thermal Power
Plant, standing 310 meters high, allows for efficient
emission discharge and dispersion of pollutants into
the atmosphere, thereby reducing the impact on the
local environment.

2.1. Desulfurization of Flue Gases from
the Ugljevik Thermal Power Plant

Air and environmental protection is a stan-
dard that must be met today, and it was the main
reason for starting the project to build a flue gas
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desulphurization plant at the Ugljevik Thermal
Power Plant. The construction of the flue gas desul-
furization plant and the installation of electrostat-
ic precipitators to reduce particle emissions lasted
from 2017 to 2020, when the plants were put into
operation.

The process of flue gas desulfurization from
the Ugljevik Thermal Power Plant is very simple
and is based on the contact of the flue gas with a
limestone suspension. The process begins with de-
dusting of flue gases in an electrostatic precipitator.
The dedusted flue gas is directed to the flue gas fans
and booster fans, and then it is taken to the absorber
where it is purified. The flue gas is introduced into
the absorber in the lower part and flows upwards,
coming into contact with the sprayed limestone
suspension, which falls downwards from several
spraying levels. At the entrance to the absorber, the
flue gas cools rapidly in contact with water, then the
water from the flue gas evaporates and it becomes
saturated with moisture at the very exit from the
absorber, where its temperature is 65°C. Then the
flue gas thus purified is released into the air through
the chimney. Figure 3 shows the flow diagram in
the flue gas desulfurization process at the Ugljevik
Thermal Power Plant.

The basic chemical equations that take place
during the wet flue gas desulfurization are:
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Figure 3. Flow diagram in the flue gas treatment plant at the Ugljevik Thermal Power Plant
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* hydrolysis of sulfur dioxide:
SO,+H,0 — H,SO,

* dissolution of product of hydrolysis:
H,SO, — H'+HSO;

* dissolution of limestone:
CaCO,+H,0 — HCO, + Ca’*+ OH

* formation/formation of sulfite:
Ca*+ SO, — CaSO, (sulfite)

* oxidation reaction:
2CaS0O,+ 0, — 2CaSO, —

CaSO, 2H,0

The basic technological equipment used in the
FDG process at the Ugljevik Thermal Power Plant
consists of:

» Absorber

* Absorber recirculation pumps

* Sprayers

* Drop Eliminators

* Oxidizing air blower

* Mixer

The main equipment for receiving, storing and
preparing limestone suspension consists of:

* Reactors for reception and preparation of
suspension.

 Suspension mixing systems to ensure uni-
form distribution of particles.

* Tanks for storing the prepared suspension,
which is used in the desulfurization process.

This equipment ensures the efficient func-
tioning of the desulfurization system and enables
a continuous process of production and storage of
by-products. [5].

Absorber represents the basic unit of the wet
flue gas desulfurization system. Modern practice rec-
ognizes different types of absorbers, but in the con-
text of the Ugljevik Thermal Power Plant, a counter-
current absorber is used, which is the most suitable
for this plant. The countercurrent absorber enables
optimal efficiency in the desulfurization process.

Recirculation pumps play an important role
in the desulfurization process because they are used
to recirculate the limestone suspension from the ab-
sorber tank towards the spray nozzles, where it is dis-
persed into fine droplets and thus brought into uniform
contact with the flue gas stream. The main function of
dispersion in the absorber is the uniform distribution
of the limestone suspension throughout the entire in-

terior of the absorber. The suspension droplets absorb
SO, from the flue gas via a reaction that takes place
between SO, and reagents, i.e. of the sorbent from
the suspension. Hydrogen chloride (HCI), which is
present in the flue gas, is also absorbed and neutral-
ized by reacting with limestone, forming soluble salts,
which leads to the accumulation of chloride ions in the
process slurry. The mixer is the last part of the main
equipment for flue gas desulfurization (FGD). Its main
function is to mix the suspension in the absorber tank
to prevent particle sedimentation and provide efficient
oxidation. During the desulphurization process itself,
by-products are created, such as gypsum, limestone,
sometimes water and CO,, depending on the applied
desulfurization system. Gypsum is formed during the
flue gas desulphurization process by calcium carbon-
ate (CaCO,) in limestone reacts with sulfur oxides
(SO,) in flue gases, creating calcium sulfate (CaSO,),
which is less harmful and can be disposed of or used
in the production of gypsum [5,6].

Droplet eliminators are used to prevent acidic
water droplets from being carried along with flue gas
and released into the atmosphere. An oxidation air
blower is used to introduce air into the absorber tank,
whose basic function is to provide the necessary
air for the oxidation of absorbed SO, into gypsum
(CaSO, 2H,0). This oxidation is crucial for the fur-
ther processing process and the reduction of harmful
gas emissions [7].

In the flue flow system, there is also equip-
ment for continuous monitoring of flue gas emis-
sions, including containers with emission data
analysis equipment (CEMS). CEMS (Continuous
Emission Monitoring System) stands for technolo-
gy for continuously monitoring the concentration of
pollutants in flue gases, such as sulfur dioxide (SO,)
and nitrogen oxides (NOx), which enables monitor-
ing compliance with environmental standards.

The success of reducing sulfur dioxide emis-
sions (SO,) by the wet flue gas desulfurization process
at the Ugljevik Coal Power Plant largely depends on
the ratio of the amount of suspension dispersed in the
absorber in relation to the amount of treated flue gas.
This relationship is called the relationship between
the liquid and gaseous phases, i.e. L/G (liquid-to-gas
(L/G) ratio). A higher value of the ratio of liquid to
gaseous phase (L/G) enables a more efficient reduc-
tion of SO, emissions, because then the flue gas is
treated with a larger amount of absorbing liquid [1].

Contemporary Materials, XVII-1 (2026)

103



Jelena Dabi¢, Jelena Vukovic,
Nebojsa Vasiljevi¢, Slavko Smiljanic

pages: 100-109

3. EXPERIMENTAL PART

When collecting data on desulphurization, two
types of devices were used: the modern flue gas ana-
lyzer Testo 300, and the hand-held combustion prod-
uct gas analyzer IMR 1000. The obtained data were
subjected to statistical data processing in the SPSS
20.0 application program. [8]. Non-parametric data
processing procedures were used, that is, the Chi-
square test was used.

To calculate the efficiency of desulfurization,
the following formula was used:

Efficiency = Ci;ice - 100% (1

Where:

C. (mg/Nm*) — input concentration of SO, in
the flue gas;

C, (mg/Nm?) — outlet concentration of SO, af-
ter treatment.

4. RESULTS AND DISCUSSION

The flue gas desulphurization process at the
Ugljevik Thermal Power Plant has been carried out
since August 2020. Desulphurization is based on a
wet process, and enables efficient reduction of SO,
emission into the air. Thanks to the construction of
the FGD plant, the excess of SO, emission was pre-
vented into the air.

The efficiency of the FGD system in the Uglje-
vik Thermal Power Plant largely depends on the type
of absorber and the efficiency of the equipment used
in the process, such as recirculation pumps, droplet
eliminators and mixers. So, for example, recircula-
tion pumps, which enable the recirculation of the
limestone suspension through the absorber, are cru-
cial for the even distribution of the suspension and
the efficient absorption of SO, from flue gas. Recir-
culation enables optimal contact between the liquid
and gaseous phases, thus improving the efficiency of
the process [6]. These pumps, along with slurry at-
omizing nozzles, help to form fine droplets, thereby
increasing the contact surface between the slurry and
the flue gas, allowing for better pollutant removal.

Research conducted at the Ugljevik Thermal
Power Plant shows that the countercurrent absorber
is the most effective for the desulphurization process,
as it enables optimal mass transfer between the gas-
eous and liquid phases. Thanks to the countercurrent
movement of the gaseous and liquid phases, this type

of absorber enables more efficient mass transfer and
reduces the required height of the absorber.

SO, oxidation process into gypsum is crucial
for reducing the emission of harmful gases. This pro-
cess enables conversion of SO, into harmless com-
pounds, reducing emissions into the atmosphere and
contributing to achieving environmentally accept-
able performance of the desulphurization system [5].

The analysis of by-products in the desulfuriza-
tion process, such as gypsum and unused limestone,
requires their proper storage and further processing.
Gypsum, which is produced as an end product of
desulfurization, is used in the construction industry,
while unused limestone can be recycled and reused
in the process.

By reviewing data on SO, emissions shown in
Tables 1 - 6 measured during the period when the
FGD plant at the Ugljevik Thermal Power Plant was
in operation, a clear picture of the efficiency of this
process is obtained. Based on the presented data, it
can be concluded whether and to what extent the
FGD process at the Ugljevik Thermal Power Plant
is successful. The values for the efficiency of plant
operation and the amount of separated sulfur refer
to the period when the plant was active, because the
plant has not worked continuously since its commis-
sioning. The reason for this is the high consumption
of electricity, which, despite its efficiency, makes it
economically unsustainable. In order to compare the
efficiency of the flue gas desulphurization system at
the Ugljevik Thermal Power Plant, tables 1 - 4 show
the daily concentrations of SO, in the flue gas before
and after the desulfurization process, for the months
of August in the period 2020-2023. These data en-
able a more detailed analysis of the performance of
the desulfurization system in that period.

Table 1. Sulfur dioxide concentrations in flue gas before
and after treatment and desulfurization efficiency,
for the month of August 2020

Emission SO, .
Date mg/Nm® Plant ?f/fj)clency
1 —influent | 2 — effluent

1.8.2020 | 14965,73 127,60 99,14
2.8.2020 | 14097,71 82,79 99,41
3.8.2020 | 12464,13 111,08 99,10
4.8.2020 13219,38 140,40 98,93
5.8.2020 | 14552,92 115,25 99,20
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Emission SO, ‘ 10.82021 | 17332,50 | 140,22 99,19
Date mg/Nm’ Plant eg““e“cy 11.8.2021 | 15439,75 | 180,98 98,82
1 —influent | 2 — effluent () 12.82021 | 15932,38 | 191,00 98,80
6.8.2020 13073,70 112,77 99,13 13.8.2021 15223,15 194,53 98,72
782020 | 1440184 | 16166 98.87 14.82021 | 15479,57 | 194,79 98,74
8.8.2020 | 1300533 | 2091,50 83,91 12 Zigi g 8 g
9.8.2020 | 14340,98 119,60 99,16 782001 0 0 0
1082020 | 13078,50 | 155,22 %8 81 18.8.2021 | 15108,99 | 134,02 99,11
11.8.2020 | 14780,75 106,98 99,27 1982001 | 1454126 | 138.86 99.04
12.8.2020 | 14362,48 190,00 98,67 2082021 | 14272.83 | 13971 99.02
13.8.2020 | 13426,15 84,53 99,37 21.82021 | 1569621 | 133,64 99,14
14.82020 | 13879,77 | 107,79 99,22 2282021 | 1530890 | 142.64 99.06
15.8.2020 | 14738,73 108,21 99,26 2382021 | 1512580 | 133.51 99.11
16.8.2020 | 14738,74 | 114,22 99,22 2482021 | 1563263 | 141.43 99.09
17.8.2020 | 14818,81 145,89 99,01 2582021 | 1534953 | 137.32 99.10
18.8.2020 | 14474,99 142,02 99,01 2682021 | 15286.59 | 139.45 99.08
19.82020 | 1429736 | 138,86 9,02 27.82021 | 15280,60 | 139,31 99,08
20.8.2020 | 1402883 | 80,71 99,42 28.82021 | 14632,58 | 140,22 99,04
21.8.2020 0 74,64 0 29 82001 0 0 0
22.8.2020 | 13310,90 74,64 99.43 30.8.2021 | 1653344 | 134,90 99,18
23.82020 | 13959,80 | 115,51 99,17 3182021 | 1557687 | 137.71 99.11
24.8.2020 | 13860,63 103,43 99,25 Average | 1364952 | 13157 99.1
2582020 | 1364953 | 249,32 98,17
26.8.2020 | 14661,59 74,45 99,49
27.8.2020 | 12969,60 168,31 98,70 Table 3. Sulfur dioxide concentrations in flue gas before
28.8.2020 | 12811,58 106,22 99,17 and after treatment and desulfurization efficiency for the
29.8.2020 | 13317,52 116,76 99,12 month of August 2022
30.8.2020 | 1373444 | 195,90 98,57 Emission SO
31.8.2020 | 1687487 | 37571 97,77 mg/Nm® Plant
Average | 1409511 | 127,11 99,1 Date efficiency (%)
1 — influent | 2 — effluent
Table 2. Sulfur dioxide concentrations in flue gas before 1.8.2022 11583,73 149,60 98,70
and after treatment and desulfurization efficiency for the 2.82022 14809,59 137,79 99,06
month of August 2021 3.82022 | 1440301 | 14415 98.99
Emission SO, 482022 | 12864,08 | 140,40 98,90
Date mg/Nm’ Plant . 5.8.2022 | 10719,92 151,25 98,58
T P— b A 6.82022 | 1252355 | 137,71 98,90
1.8.2021 | 15028,73 | 151,60 98,99 782022 | 1302884 | 144,63 98,88
2.82021 | 16080,59 | 152,79 99,04 zz;gz; 146‘(‘)1 .23 14?)’50 99(’)02
3.8.2021 | 16873,01 157,08 99,06 1082020 0 0 0
482021 | 17117,08 | 159,40 99,06 182000 o 0 o
582021 | 1580392 | 164,25 99,96 58200 0 0 0
6.8.2021 | 1565755 | 167,77 99,92 13.8.2022 0 0 0
7.8.2021 14401,84 142,66 99,00 14.8.2022 0 0 0
8.8.2021 16613,23 157,50 99,05 15.8.2022 | 13566,26 142,19 98,95
9.8.2021 | 1780598 | 131,60 99,26 16.8.2022 | 13856,35 | 140,54 98,98
Contemporary Materials, XVII-1 (2026) 105
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17.8.2022 | 14724,11 145,11 99,01 24.8.2023 | 15048,21 136,22 99,09
18.8.2022 | 14379,79 144,02 98,99 25.8.2023 | 14326,35 162,21 98,86
19.8.2022 | 14069,69 142,86 98,98 26.8.2023 | 14807,59 142,45 99,03
20.8.2022 | 15193.19 143,71 99,05 27.8.2023 0 0 0
21.82022 | 15294,13 | 140,64 99,08 28.8.2023 0 0 0
22.8.2022 | 1531512 | 140,64 99,08 29.8.2023 | 1425721 | 129,11 99,09
2382022 | 1522516 | 139,51 99,08 30.82023 | 13337,35 | 138,65 98,96
2482022 0 0 0 31.8.2023 | 12807,68 144,64 98,87
7582022 0 0 0 Average 12424,98 111,43 99.1
20.8.2022 | 148159 4045 2,05 SO, concentrations in the flue gas inlet stream
Z?igi iifigg 12(2); ziz; in the month of August 2020 ranged from 12811.58
2 4 2 mg/Nm?® to 14965,73 mg/Nm? (table 1), which great-
29.8.2022 0 0 0 ly exceeds the permitted limits, while the output con-
30.8.2022 0 0 0 centrations were in the range of 74.64 mg/Nm?® to
31.8.2022 0 0 0 2091,50 mg/Nm?, which indicates that the permitted
Average 9041,82 91,94 98,9 concentration of SO, was exceeded in the flue gas

Table 4. Sulfur dioxide concentrations in flue gas before

and after treatment and desulfurization efficiency for the
month of August 2023

output stream as well. During the month of August
2020 (Table I) emission SO, exceeded the legally
prescribed value of 147 mg/Nm?® three days (on the
8th, 25th and 31st), was 2091.5 mg/Nm?, 249.32 mg/
Nm? and 375,71 mg/Nm?, respectively. On 8.8.2020,
the largest amount of SO, was released into the air,
which was 2091.50 mg/Nm?. The failure of the plant
to reduce the amount of SO, emission is highlight-
ed as the main reason for the release of such a large
emission of sulfur dioxide due to system failures and
untimely intervention to prevent it. Emission of sul-
fur dioxide on 25.8.2020 was 249.32 mg/Nm?®. This
quantity does not represent a significant exceedance
of the permitted concentration of SO, because the
value is slightly higher compared to the amount of
SO, emissions allowed by law (200 mg/Nm®). On
the last day of August, the amount of SO, emissions
at the exit was 375.71 mg/Nm?, which represents a
significant increase in SO, emissions, the cause of
which is a higher concentration of SO, at the very
entrance, and because of this the FGD plant failed
to sufficiently reduce emissions at the exit even if
the efficiency was still high (efficiency 97.78%). Al-
though daily concentrations in the month of August
2020 exceeded the permitted concentration in three
cases (August 8, 25 and 31), this was not the case in
2021, 2022 and 2023.

The first real monthly results were recorded
yet in August 2021, because the desulfurization plant
only then started stable and continuous operation,
which is a prerequisite for relevant emission mea-
surements, and then the average value of SO, was

Emission SO,
Date mg/Nm? Plant efficiency
. (%)
1 —influent | 2 — effluent
1.8.2023 | 15524,73 135,60 99,12
2.8.2023 | 16037,59 137,79 99,14
3.8.2023 | 15396,01 134,15 99,12
4.8.2023 | 16136,08 140,40 99,12
5.8.2023 | 15870,92 142,25 99,10
6.8.2023 | 16480,55 137,71 99,16
7.8.2023 | 16252,84 145,63 99,10
8.8.2023 | 16068,23 137,50 99,14
9.8.2023 | 14302,21 160,36 98,87
10.8.2023 | 13294,54 171,25 98,71
11.8.2023 | 14239,57 157,22 98,89
12.8.2023 0 0 0
13.8.2023 0 0 0
14.8.2023 0 0 0
15.8.2023 | 14702,26 0 100,00
16.8.2023 | 15262,35 0 100,00
17.8.2023 | 15705,11 140,11 99,10
18.8.2023 | 14658,79 110,02 99,24
19.8.2023 | 12603,69 150,86 98,80
20.8.2023 | 13826.19 152,71 99,00
21.8.2023 | 14987,13 149,64 99,00
22.8.2023 | 14636,12 142,64 99,02
23.8.2023 | 14605,16 155,51 98,93
106
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Table 5. Data on average emissions of O,, SO,, NO_and dust measured in August 2020

Measured place Year Month (mg?l\zlm3) (m:/(lzﬁn 5) (mgN/%Iﬁ) (mg/l;?;n3)
1 - influent 2020 August 9,01 14095,11 369,8 127,89
2 - effluent 2020 August 8,71 127,11 335,96 1,56

Efficiency (%) - - - 99,098 9,15 98,78

131.57 mg/Nm? (Table 2), which is within the limits
of the permitted emission. Also, the data from 2022
and 2023 show that the average values of SO, emis-
sions in August amounted to 91.94 mg/Nm? (Table
3.) and 111,41 mg/Nm?® (Table 4), respectively.

Based on the available data, it was observed
that the average amount of SO, emissions at the exit
in no case did it exceed the limit value allowed by
law.

Table 5 shows data on average input and out-
put amounts of SO, emissions, NO_, O, and solid
particles, measured in August 2020. The data pre-
sented in table 5 refer to the first preliminary mea-
surement of SO, emission values in August 2020 and
they show that a desulfurization efficiency of 99%
was achieved.

Based on the data shown in the Table 5 a large
difference is observed in the average inlet and outlet
concentrations of sulfur dioxide. Average inlet con-
centration of SO, during the month of August 2020
was 14095.11 mg/Nm?, which is many times higher
than the legally prescribed value of 200 mg/Nm?®. Af-
ter passing the flue gas through the FGD plant, the
concentration of SO, was significantly reduced and
its average value in August 2020 was 127.11 mg/
Nm?.

Considering the achieved average values of
SO, concentration in the input and output flow of flue

gas for the month of August 2020, it can be seen that
the efficiency of the flue gas desulfurization plant at
the Ugljevik Thermal Power Plant for the month of
August 2020 was 99.098%.

The achieved desulfurization efficiencies
per month on an annual basis ranged from 83.91 to
91.42% for 2020, from 98.72% to 99.96% for 2021,
from 98.58% to 99.09% for 2022, and from 98.80%
to 100% for 2023.

The maximum efficiencies achieved in 2020,
2021, 2022 and 2023 were 99.42%, 99.96%, 99.09%
and 100%, respectively.

Based on the data shown in the Table 5, it is
observed that the emission of SO, at the exit is sig-
nificantly reduced compared to the input quantities
of sulfur dioxide emissions.

Average, maximum and minimum concen-
trations of SO, emissions from the desulphurization
plant of the Ugljevik Thermal Power Plant, for se-
lected months in the period 2020-2023, are shown in
table 6. Based on the data presented, it can be seen
that the maximum allowed concentration of SO, was
exceeded in the emitted flue gas.

Taking into account the relevant data from the
permits for electricity production issued by the reg-
ulatory commissions from the Federation of Bosnia
and Herzegovina (FBiH) and the Republic of Srp-
ska (RS), as well as data obtained directly from the

Table 6. Presentation of the average, maximum and minimum measured value
of SO, emissions for selected months from 2020 to 2023.

Year Month Avgg/%\elmi 0, ﬁ:/(NSI(I?; I\H/i‘gnn\?gg
2020 July (26.-31.7.) 132,56 179,56 74,83
2021 August 127,11 180,00 76,50
2022 February 232,25 319,38 178,63
2022 April 216,33 300,66 160,66
2023 January 279,00 399,33 196,67

Legend: Y-year of emissions measurement;, m-month of emissions measurement; p-average of the measured emission,
max-maximum measured emission value; min-minimum measured emission value;
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operators of large combustion plants, a total of 12
large combustion plants (LCP) has been identified in
BiH, among which there are 10 large thermal pow-
er plants. The Ugljevik Thermal Power Plant is rec-
ognized as a large combustion plant in the Republic
of Srpska, together with the Gacko Thermal Power
Plant. Based on the methodology from Policy Guid-
ance for the Establishment of National Emissions
Reduction Plans published by the Secretariat of the
Energy Community [9], as well as data from the Na-
tional Emissions Reduction Plan for Large Combus-
tion Plants of Bosnia and Herzegovina [10], limit
values of sulfur dioxide emissions were calculated
for the identified plants for the period 2016-2027.
Limit values were determined based on the average
fuel consumption in the period 2008-2012, in accor-
dance with the methodology prescribed in the men-
tioned documents.

Based on the data for limit values of sulfur di-
oxide emissions (SO,) for large combustion plants
(LCP) on an annual basis, in the period from 2018
to 2027, there is a clear trend of gradual reduction of
the permitted amounts of discharge of this polluting
gas from year to year.

The total amount of SO, emissions for all
plants in Bosnia and Herzegovina is 27,194 t per year
in the period from 2018 to 2023. After that, the val-
ues progressively decrease to 22,877 t (2024), 18,560
t (2025) and finally to 14,243 t in 2026 and 2027.
This pattern reflects efforts to reduce SO, emissions
to a minimum, that is, to control and reduce sulfur
dioxide emissions, which can have a positive impact
on air quality and the health of the population, es-
pecially in industrial regions. Viewed individually,
the thermal power plants of the Federation of BiH
and the Republic of Srpska show a similar trend of
reduction.

5. CONCLUSION

The Thermal Power Plant Ugljevik uses
brown coal with a very high sulfur content (5-6%) as
the main fuel. Due to the extremely high SO, content
in brown coal, the only effective way to reduce SO,
emissions was the construction of a flue gas desul-
furization plant. For this purpose, a flue gas desul-
phurization plant was built in the Ugljevik Thermal
Power Plant, the operation of which is based on the
principle of the wet limestone process. The FGD

plant at the Ugljevik Thermal Power Plant was put
into operation in 2020 and has been operating with
occasional interruptions since then. After the intro-
duction of the wet limestone desulfurization process,
a significant reduction in sulfur dioxide emissions
was achieved, which significantly improved the ef-
ficiency of the system. The efficiency of desulfuriza-
tion is over 95%, which enables compliance with en-
vironmental standards and regulations related to the
emission of harmful gases.

Reduction of SO, concentration in flue gas-
es has multiple benefits. It primarily contributes to
the improvement of air quality in the vicinity of the
thermal power plant, thereby reducing the risk of re-
spiratory diseases among the population. The occur-
rence of acid rain, which negatively affects the soil,
water ecosystems and vegetation, is reduced. Also,
the construction of a flue gas desulfurization plant
enabled the thermal power plant to continue oper-
ating in accordance with environmental standards,
thereby avoiding potential sanctions and restrictions
on electricity production.

It can be said that the construction of the FGD
facility at the Ugljevik Thermal Power Plant was a
necessary step towards reducing the negative im-
pacts of the thermal power plant on the environment.
The achieved efficiency of the system proves that the
applied technology is successful in controlling sulfur
dioxide emissions, which contributes to a more sus-
tainable and environmentally friendly operation of
the thermal power plant.
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AHAJIM3A EOPUKACHOCTH NPOLHECA OACYMIIOPU3AILINJE
JUMHHUX I'ACOBA Y PYHUKY U TEPMOEJIEKTPAHU YI'JBEBUK

Casxerak: J[UMHM racoBU U3 TEPMOEJIEKTpaHa Ha yralb cajpike racose (yrmasHoM SOz, NOy, CO, COz)
u ¢une yecruiie nereher nenena. KoHeHnTpamja okcuia cymropa y TMMHOM I'acy 3aBHUCH OJf KOJTMYHHE
cyMIIopa y yriby KOju caropujena. Y mpoliecy oicyMIIopaBama JMMHUX racoBa u3 Pynnuka u Tepmoe-
JeKTpaHe YTJbeBUK NPHMjeryje c€ MOKPH CKPyOepCKH MOCTYNAK, KOjH KOPHCTH CyCHEH3H]y Kpedmbaka
Kao CPEJCTBO 3a alCOPMIINjy OKCHJA CyMIIOpa, MPU YeMy Ce€ Kao HyCIPOIYKT NPOM3BOAU I'HIlc. AHa-
JTU3UpaHe BPHjEIHOCTH eMHCHje TIPHje W HaKOH IMyIuTama y paja moctpojema 3a O mokasyjy ma je
npuMjemera Texnonoruja 3a O[T y PuTE VYrieeBuk musysetrno edukacHa. EdukacHOCT mocTpojema 3a
OZICyMIIOpaBame ce Kpetana y pacrnony oz 83,91 no 100%, y 3aBucHoCcTH 01 ynazHe kKoHneHTpanuje SO2
y auMHOM racy. [Iporjene nokasyjy na nocrpojeme 3a O/l y 3aBUCHOCTH 01 MHTCH3HUTETA Pajia, MOXKe
roqunmbe n3aBojutu o 7.000 no 55.800 Tona cymriiopa, y3 npousBoamy 3.660 no 29.280 Tona rumca.
VYBolheme oBor mocrynka npeunhaBama AUMHHUX TacoBa 3Ha4ajHO cMamyje onrepeheme )KUBOTHE cpe-
JIMHE 1 aMOMjeHTAJIHOT Ba3/yXa OKCHAMMaA cymriopa. Haxanoct, U3 eKOHOMCKHUX pasiiora rmocTpojeme
HE paJi KOHTHHYUPAHO.

Ksbyune pujeun: [lumuu racosu, emucuja SOz, 0CyMIIOpaBambe, MOKPH CKPYOSPCKH MOCTYIIAK.
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