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Abstract: Annual reports of dust emission from unit A4 of the thermal power plant “Nikola Tesla” in
Obrenovac for the period 2014-2015 showed that the emission was close to or over the limit value (ELV).
Solution for the reconstruction of the electrostatic precipitator (ESP) was requested in order to increase
dedusting efficiency of ESP and to reduce the emission to a level below ELV in the expected working
conditions of the increased power of unit A4. The flow nonuniformity in the ESP chamber is considered
an important influencing parameter on the dedusting efficiency. This paper presents results of the
investigation of flue gas flow distribution through the inlet and outlet channels as well as inside of the
ESP chambers. The research included measurements of the fluid velocity field in the channels and ESP
chamber combined with a series of computational fluid dynamics simulations on several different
numerical models of ESP. The experimental work aimed at investigating the nonuniformities of the flow
in the ESP chamber. The numerical simulation tools were used to investigate the dependence of velocity
distribution in the ESP chamber and pressure losses through the ESP with respect to the geometrical
parameters of different proposed concepts of guiding blades. The goal was to select a concept that
provides better uniformity of the gas velocity thus higher particle residence time in the ESP chamber and
higher dedusting efficiency of the ESP. After ESP reconstruction, continuous measurements conducted
over a period of 60 days confirmed particulate emission from unit A4 at a level much lower than ELV.

Keywords: electrostatic precipitator, particulate emission, computational fluid dynamics simulations,
measurements.

1. Introduction

A particulate emission is one of the most serious environmental problems which may cause great health
hazards to people, especially for the children and the elderly [1]. Electricity production in the Republic of
Serbia is mainly based on the combustion of low-quality lignite from open-pit mines in thermal power
plants, with a share of 70% in the power generation, therefore significantly contribute to overall particulate
emission in Serbia. For particulate removal from the flue gas, Serbian thermal power plants are equipped
with dry plate-type electrostatic precipitators (ESP), with a dust removal efficiency of more than 99,9%.
Annual reports on periodic and continuous measurements of dust concentration from unit A4 for the period
2014- 2015 indicated that the outlet concentration was close to or over the emission limit values (ELV) of
50mgNm>. As a degradation of coal quality in the following years is expected, reflected in a higher content
of mineral matter in the coal, it will result in a reduction of dust removal efficiency of the ESP and dust
emission will exceed ELV. Therefore, the management of the PE EPS Serbia decided that upgrading of
electrical equipment, as well as flue gas control equipment of the ESP of unit A4, should be carried out in
order to increase dedusting efficiency of ESP and to reduce the emission to a level below ELV under the new
and worsened working conditions.

The precipitation process in ESP basically involves convection-diffusion transport process of particles
superposed with the effect of particle drift governed by the local strength of the electric field, while drag and
Coulomb force acting on the particle are of much greater magnitudes compared to particle gravity. Many
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Abstract:China Machinery Engineering Corporation (CMEC) has performed the rehabilitation and
modernization of Electrostatic Precipitator System (ESP) of the unit B1 of Thermal Power Plant Kostolac
B (TEKO B1) in 2014, according the items of the Main Contract of Phase | of Kostolac-B Package
Project. The Performance— Control Test performed at the beginning of the exploitation period of the
upgraded ESP proved that, under normal and guarantee working conditions of the boiler and ESP, the
concentration of particulate matter in flue gases at the exit of upgraded ESP do not exceed value of 50
mg/Nm?®. After the control measurements and the period of ESP further testing and adjustments, the
Laboratory for Thermal Engineering and Energy, Institute of Nuclear Sciences Vinéa, performed five
series of measurements in the frame of Acceptance Test in accordance with 1SO 9096, EN 15259 and EN
13284-1 standards. This paper presents results of the investigationof particulate matter concentration,
laboratory analysis of the coal samples, working parameters of the unit/upgraded ESP and results of the
calculations. The averaged mean particulate concentration at the exit of Upgraded ESP of unit TEKO B1
during Acceptance Test was below guaranteed value.

Keywords:emission, electrostatic precipitator, particulate matter, reconstruction.

1. Introduction

An Electrostatic Precipitator (ESP) is one of the most efficient device to remove flying ashes from the flue
gas in thermalpower plants, before passing the gas into the chimney.Maximumallowable value of dust
concentration for the large power units (more than 50MW) is 50 mg/m*[1]and it requires theefficiency of the
ESPs better than 99%. Fulfilling this demand simultaneously calls for anincrease of active surface of the
electrodes, improvement of flue gas distribution in order to obtain uniform flue gas distribution profile and to
decrease the erosive effect of the dust particles, which together increase thevolume and the weight of the
ESP, or evenapplication of high frequency high voltage power supply (HF HV)[2] instead of transformer and
the dioderectifier (T/R) set.The performance of an ESP isusually determined by Voltage-Current (V-1)
characteristics which will reflect upon the ESP collection efficiency and strongly depends on coal calorific
value, content of ash in the coal and electrical resistivityof the ash, which depends of alkali and sulfur
content in the ash [3] by influence on level of current when development of back corona event take
place.Modernization and optimization of existing ESP TEKO B1 was a complex task assisted by the results
of complex measurementsand laboratory determinations of different parameters before [4] and after [5]
modernization. Although the application of modern numerical simulation methods is increasingly more
frequent with the development of computing technologies, the results of Computational Fluid Dynamic
(CFD) numerical simulationof the gas [6] or two-phase flow [7]in the ESP, or CFD modeling of diffusional
flux of gas ions[8] and behavior ofcharged particles in turbulent gas flow in ESP [9] pointed up that
numerical simulation of the fully coupled three coexisting fields of flue gas flow, ash particle dynamics and
electrostatics in the ESP chamber is still very demanding task and how important a highly detailed geometry
model is for a strong simulation and reliable results. The results of the numerical simulation supported by the
results of the real scale measurements of the real velocity profile at the inlet boundary [10]Jwas found to
predict better the velocity distribution inside the ESP suggesting that an experimentally measured velocity
profile could be used as velocity inlet boundary condition for an accurate numerical simulation of the ESP.
The approach based on finite difference method has been utilized for the simulation of V-I characteristics of
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Abstract:Removal of moisture from low-rank coals is deemed an important quality upgrading method.
Experimental research of convective drying of the Kolubara lignite was conducted. Drying process was
investigated under the packed bed conditions. Experimental investigations of drying process in packed
bed were performed at three different air temperatures, measured in the front of sample, for three different
coal particle sizes, and for three different coal sample masses. The obtained experimental results and
influence of the above mentioned parameters values variation showed that sample drying rate increased,
while sample drying time decreased with temperature increase.

Keywords: convective drying, lignite, moisture, packed bed

1. Introduction

Kolubara and Kostolac open-pit mines lignite coal will continue to be the main energy source used in
Serbian power plants, mainly due to the fact that it is the most abundant and cheapest fossil fuel
available.Kolubara lignite is the mostly used coal in the Republic of Serbia. It belongs to low quality coals
with moisture content in the range of 45 to 52%.The presence of moisture in coal reduces coal friability,
negatively affecting the quality of grinding, as well as pneumatic transport of pulverized coal. Reduced
moisture level in coal results in increased power plant efficiency, reduced ash disposal requirements and
reduced pollutant emissions [1].

Nowadays there are several ways to reduce moisture content of low-rank coals. The methods used may be
divided into two main groups: conventional evaporative drying (direct or indirect dryers, packed or fluid bed
dryers, rotary kiln, etc.) and non-evaporative dewatering processes (mechanical thermal expression, hydro-
thermal dewatering, etc.).

It is well known that conventional evaporative convective drying involves complex transport phenomena
consisting of three consecutive processes. The first one is moisture (in liquid phase) movement in solids,
occurring from the wet interior towards the gas-solid interface (internal pore, particle surface, etc.). This
process is slower in larger solids and/or materials with low moisture content. The second one is evaporation
facilitated by heat (energy) supplied either externally or taken from the solids and used to transform liquid
into vapor. The last one is vapor movement to the surrounding gas by diffusion and convection. The slowest
of the processes determines the overall drying rate. Prediction of falling-rate drying kinetics by theory alone
is very difficult. Thus, accurate small-scale experiments are required instead. It is possible to estimate drying
rates under different conditions by applying concepts such as the "characteristic drying curve" ([2-3], and
others) or the "drying coefficient" ([4-5] etc.).

In the Vinca Institute of Nuclear Sciences, Laboratory for Thermal Engineering and Energy, a number of
experiments were performed in the field of convective drying. The first step was drying in the packed bed.

597


mailto:milic@vinca.rs
mailto:pstefan@vinca.rs
mailto:zoda_mark@vinca.rs
mailto:nikolaz@vinca.rs
mailto:p.skobalj@vinca.rs

PROCEEDINGS

18" Symposium on Thermal Science and
Engineering of Serbia

Sokobanja, Serbia, October 17 — 20, 2017

University of NiS, Faculty of Mechanical Engineering in Ni$
Society of Thermal Engineers of Serbia

Editors: Prof. dr Mirjana Lakovi¢ Paunovi¢

Prof. dr Mladen Stojiljkovi¢

ISBN 978-86-6055-098-1

Publisher:
University of NiS, Faculty of Mechanical Engineering in Ni$

2017



Ana Momcilovi¢, Predrag Rajkovic¢, Nenad Stojkovic, Biljana Milutinovié, Milica Ivanovic,
Gordana Stefanovic

Evaluation of Kostolac Lignite Carbon Emission Characteristics 803
Vuk Spasojevié, Predrag Stefanovié, Nikola Zivkovié, Ana Marinkovié-Radojevié, Mili¢ Eri¢,
Zoran Markovic

Anaerobic Co Digestion of Sewage Sludge and Organic Fraction of Municipal Waste: A
Case Study City of Nis 810
Milica Ivanovié, Gordana Stefanovic, Ana Momcilovic, Biljana Milutinovic

Numerical Research of the Swirl Velocity on the Origin Of Cavitations 817
Aleksandar Levkoski, Valentino Stojkovski

9. Automatization and Control of Processes 824

Overview of Application of Electrostatic Measurement Method for Supervision of
Pneumatic Transport of Pulverized Coal 825
B. Jurjevcic, I. Kustrin, A. Senegacnik

Application of Digital Sliding Modes to Synchronization of the Work of Several Pneumatic
Semi Rotary Drives 831
Vladislav Blagojevi¢, Sasa Milanovié, Zivan Spasié, Milo§ Jovanovic¢

Machine Learning Based Computationally Intelligent District Heating System Gas
Consumption and Heat Load Forecasting 837
Marina Stoiljkovié, Zarko Cojbasi¢, Viastimir Nikoli¢, Milos Simonovi¢, Nemanja Markovié¢

Advanced Infrared Camera Based System for Pedestrian Detection on Railway Crossings 845
Milan Pavlovié, Ivan Ciri¢, Vlastimir Nikoli¢, Milos Simonovi¢, Emina Petrovié, Milica Ciri¢,

Milan Bani¢

Radiator Heating System Modelling, Simulation and Advanced Control 852

Ristanovic¢ Milan, Cojbasic¢ Zarko, Maja Todorovié, Goran Petrovic

Principles of Automatic Control and Monitoring Systems of an Industrial Biomass Boiler 863
Milijana Paprikaa, Branislav Repic, Dragoljub Dakic, Milica Mladenovic, Aleksandar Eric¢

10. Energy Management in Industry and Buildings 873

Convergence between Cost-Optimality and Nearly Zero-Energy Buildings 874
Marko Serafimov, Filip Mojsovski, Igor Shesho

Challenges While Implementing an Energy Management System in a Refractory Industry 891
Ana M. Lazarevska, Zlatko Gjurchinoski, Atanasko Tuneski

Different Approaches for Prediction an Energy Production from the Run-of-River Small
Hydro Power Plant 904
Valentino Stojkovski, Dame Korunoski, Zoran Markov

Managing and Implementation of Projects for Construction of Hydropower Plants 913
Dusko Dimitrovski, Valentino Stojkovski

Optimisation of Heating Structure in Urban Areas
Igor K. Shesho, Risto V. Filkoski, Done J. Tashevski, Dame M. Dimitrovski 921

Energy Performance Certification and CFD Simulations of Thermal Comfort in Non-
Residential Building 931



18™ Symposium on Thermal Science and Engineering of Serbia
Sokobanja, Serbia, October 17-20, 2017

Society of Thermal Engineers of Serbia Faculty of Mechanical Engineering in Ni$

Evaluation of Kostolac Lignite Carbon Emission Characteristics

Vuk Spasojevi¢* (CA), Predrag Stefanovic*, Nikola Zivkovi¢', Ana Marinkovié-Radojevic’,
Mili¢ Erié* and Zoran Markovié*

“ Laboratory for thermal Engineering and energy, Vinca Institute of Nuclear Sciences, University of
Belgrade

Abstract: Present scientific investigations provide clear evidence that human activities have caused the
significant concentration rise of greenhouse gases over the past 200 years. Climate shift changes have
negative effect on human health, agriculture, weather and overall effect on global economy which results
in serious environmental concearns derived from the need to reduce greenhouse gases emissions from
industrial sector. Carbon dioxide as main contributor to overall greenhouse gases effect and its emissions
from industrial waste gases have become a major target for reduction, especially flue gases from coal
power plant stations as main emitters of carbon dioxide. Before any implementation of systems for
reduction of carbon dioxide emissions, thorough and comprehensive characterization of local fossil fuels
must be performed on national level which is also recomendation by guidelines of Intergovermental Panel
on Climate Change. This paper provides modest contribution toward these efforts. Laboratory inestigation
was performed on 20 samples of low-calorific lignite recovered from the Kostolac open-pit mine. The
samples of coal were carefully selected in order to cover the broad spectrum of the quality of the raw
lignite supplied to the Serbian thermal power plants. Main task of this paper was to investigate
correlations regarding parameters which are of great concearn such as content of moisture, content of ash,
content of combustible matter, upper and lower heating values and content of total carbon and hydrogen.
Emission factor for Kostolac lignite coal and dependances on investigated parameters are presented
within this paper. Received results show that linear dependencies of carbon emission factor with
investigated parameters can be used with high level of confidence, thus providing reliable tool for
prediction and control of carbon dioxide emissions originating from combustion process in thermal power
plants.

Key words: greenhouse gases inventory, Kostolac lignite, carbon emission factor, fuel characterization,
laboratory analysis

1. Introduction

Recent reports of the Intergovermental Panel of Climate change (IPCC) [1] predicts an increase of average
global temperature ranging from 1.1 to 6.4 °C by the end of 21" century. Such high increase of temperature
will cause irreversible negative impact on agriculture, food production, water supply, diversity of ecosystems
but also more importantly on economic development and global stability. The Republic of Serbia as non-
Annex | member of Kyoto Protocol[2] is currently in no obligation to reduce emissions of greenhouse gases.
Nevertheless, as a candidate for the EU membership Republic of Serba has commited to the international co-
operation in the field of climate research. The European Union member states have realised a series of
mandatory documents, all aimed at reduction of greenhouse gases such as implementation of the Directive
2003/87/EC but also the implementation of European emission trading schema (ETS). Taking into account
current level of industry development and current level of GHG emissions, it is becoming clear that Serbia
will have to significantly improve its capacity for full implementation of energy-climate packages[3-6]. In
past two years, first steps have been performed by the Ministry of agriculture and environmental protection.
The ministry have categorized over 127 main industrial emitters of carbon dioxide from field of energy, heat
production, cement, petro-chemical and steel industry sectors backed-up by concomitant legislation acts. All
these subjects are in obligation to perform monitoring of carbon dioxide emissions starting from 2017. This
is obligatory especially in energy sector since over 40% of overall carbon dioxide emissions originate from
this sector[7]. Current legislation regarding carbon dioxide emission states that all companies which in their
production process use equipment with installed thermal energy output over 20MW will be in obligation to
monitor and report overall carbon dioxide emissions on annual bases.

Taking into account the composition of energy sector, over 70% of total energy generation and over 50% of
primary energy consumption comes from combustion of low-calorific coal-pit mine lignite which is the main

803
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Abstract: Boiler and Electrostatic precipitator system (ESP) of the unit 300 MWe of Thermal
Power Plant Ugljevik started operation in 1985 and so far it has been operating over 150.000 hours.
In the previous period, no significant reconstruction of ESP was carried out except replacement of
emission electrodes. As a consequence, failure of certain electrical components as well as
mechanical damage on the internal elements of the ESP frequently occurred while particulate matter
concentration at the exit of ESP was over 1000 mg/Nm’. In order to reduce particulate matter
emission according to EU Directive 2001/80 and to improve availability of the facility, management
of Thermal Power Plant Ugljevik decided to proceed with the reconstruction or replacement of the
existing ESP with modern high-efficiency and reliably ESP. Compared to guaranteed dedusting
efficiency of 99,693% and emission <150 mg/Nm® for the original ESP design, the contractual
requirements for the new ESP are set to be better than 99,935%, allowing dust concentration
downstream ESP to be less than 50 mg/Nm”.

During the 2017 a new ESP was built by Consortium ZVVZ-Enven Engineering a.s/ZK-
Thermchem s.r.o. from Czech Republik. The original ESP design, consisted of two separate ESP
chambers, each with active volume of 14m x 14.6 m x 14.6 m and containing 4 separated fields in 4
dedusting zones, have been changed by new ESP to one integral chamber construction of 16,5 m x
34,5 m x 17,92 m active volume, with 15 electrical fields in 4 dedusting zones.

This paper presents the technical characteristics of old and new ESP design, results of Guarantee
Tests A measurements, laboratory analysis of the coal, fly and bottom ash samples, comparatively
to the guaranteed ones, working parameters of the unit and upgraded ESP during the measurements
as well as results of the calculations. Based on results of measurements and calculation, it was
proved that under normal and guarantee working conditions of the boiler and ESP, the
concentration of particulate matter in flue gases at the exit of upgraded ESP do not exceed value of
50 mg/Nm®, while ESP achieved dedusting efficiency just below guaranteed value of 99,935%.

Keywords: emission, electrostatic precipitator, particulate matter, reconstruction.

1. Introduction

Thermal power plant (TPP) “’Ugljevik’’ started with production in 1985. With installed power
of 300 MW and projected annual production of 1,601 GWh, unit I of TPP "Ugljevik" was designed
to work 200000 hours. Because of the war in Bosnia and Herzegovina the TPP was out of operation
in the period April 1992 — November 1995. From the beginning of production till the end of 2006,
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COMPARISON OF THE CLASSICAL LIME/LIMESTONE AND
WET REGENERATIVE ABSORPTION PROCESS
BASED ON PHYSICAL/CHEMICAL ABSORPTION IN
ORGANIC SOLVENTS FOR FLUE GAS DESULPHURISATION

Nikola Zivkovi¢ ™', Predrag Stefanovi¢', Emila Zivkovi¢?, Mili¢ Eri¢' and Zoran Markovi¢'

University of Belgrade, Institute for Nuclear Sciences “Vinca”
Laboratory for Thermal Engineering and Energy, Belgrade, Serbia’

University of Belgrade, Faculty of Technology and Metallurgy
Department of Chemical Engineering, Belgrade, Serbia’

Abstract: The multiple harmful effect of emitted Sulfur-dioxide (SO,) in the atmosphere is well
known. It is manifested in the form of respiratory problems in humans, and is also a source of acid
rain that is harmful to the biological world and construction objects. Energy and industrial activities
have the major share in SO, emissions, with the dominant role of combustion of fossil fuels (coal
and oil) in thermal power and industrial plants. The first steps towards the removal of SO, from flue
gases date more than a century ago, when a classic lime/limestone process is patented, which is still
the most world widespread process. Since the long time significanace of flue gas desulphurisation
(FGD), the aforementioned lime/limestone process with certain modifications has a significant
representation.

However, in recent times, a new group of regenerative absorption processes based on
physical/chemical absorption of SO, in organic solvents are present with the increasing rate. These
processes are gaining importance because of their main advantage, avoiding the accumulation of
large quantities of solid by-products, such as gypsum in lime/limestone process.

The paper presents a comparison of the two groups of procedures. Comparison is carried out
according to several aspects: their general representation in operational use, applicability for certain
types of plants (thermal, industrial and other), in terms of capital and annular costs, process
efficiency, flexibility of process parameters, market usability of the final product from the process
and environmental aspects.

Key words: Sulfur-dioxide, Flue gas desulphurisation, Regenerative absorption, Lime/Limestone
process.
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A critical review of the research of the low-rank coal, biomass, and coal-
biomass blends devolatilization: experimental research and mathematical
modeling

Rastko D. Jovanovi¢”
~ University of Belgrade
“Vinc¢a” Institute of Nuclear Sciences

Laboratory for Thermal Engineering and Energy, Belgrade, Serbia
e—mail: virrast@yvinca.rs

Zoran J. Markovi¢, Mili¢ D. Eri¢, Predrag D. Skobalj, Dejan B. Cvetinovi¢
University of Belgrade
“Vinca” Institute of Nuclear Sciences
Laboratory for Thermal Engineering and Energy, Belgrade, Serbia

ABSTRACT

The Western Balkans produce about 60% of electricity burning low-quality coals, which
causes high GHG emissions. Co-firing of coal and biomass is among the most attractive
approaches for decreasing these emissions. The present work aims to offer an in-depth critical
review of the current status of low-quality coal, biomass, and coal/biomass devolatilization
research to serve as a good base for future research in the field. Paper provides a thorough
analysis of experimental methods and critical analysis of achieved experimental results,
together with the basic set of computational models, models’ accuracy, and applicability for
coal/biomass devolatilization modeling. Biomass compared to coal devolatilization occurs at
lower temperatures and produces more light gases and tar. Interactions between coal and
biomass during coal/biomass blends devolatilization is not completely understood. Complex
network devolatilization models offer the possibility to derive input parameters for simpler
kinetic devolatilization models that are suitable for implementation in CFD codes.

KEYWORDS
Coal, Biomass, Devolatilization, Co-fuel, Volatiles, Tar, Mathematical Modelling.

INTRODUCTION

Primary energy consumption continues to increase, with 2.2% in 2017, which is rise from
1.2% in 2016 and the highest growth since 2013. Global coal production increased by 3.2%,
at the highest rate from 2011. Coal still has a dominant position in global power generation,
with a share of 44%, in 2017 alone coal generation increased by 3%, which is the first time in
four years [1]. However, coal reserves are being spent rapidly. It is expected that, at the
current consumption rate, proven coal reserves will last for another 150 years [2]. Another
alarming issue is CO; emitted from power plants firing coal. CO> is the main source of GHG
emissions with a share of 73%. About 40% of the total CO; emitted to the atmosphere comes
from coal combustion [3]. Worldwide concerns of climate change and global warming
intensified the need for alternate, carbon neutral, energy resources.

* Corresponding author
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Development of Pre-drying Procedures of Low-rank Coals to Increase
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Abstract: Carbon dioxide participates in the total greenhouse gasses emissions by around 75%.
Majority of carbon dioxide emitted to the atmosphere comes from power plants burning coal. It
is expected that coal will remain the dominant energy source due to its large reserves, world-wide
availability, and stable and relatively low price in the international market. Thus, one of the
biggest challenges is development of low carbon dioxide technologies for coal utilization. Clean
coal technologies are group of measures aiming to reduce carbon dioxide emissions by increasing
energy efficiency of coal power plants. Special attention is given to low quality coals with high
moisture content, among which lignite coals have dominate position. One of the most promising
technologies for increasing the rank from lignite coals is coal pre-drying using thermal energy
from the power plant. This work aims to present the major advances in development and state-of-
art utilization of coal pre-drying technology. Examples of the pre-drying technology
advancements are given for all countries in which this technology is under major development,
including: US, EU, Japan, Canada, and Australia. Special attention is given to the experimental
and numerical results of investigation of coal pre-drying process of Serbian Kolubara lignite
coals.

Keywords: Energy efficiency, Fluidized bed, Low-rank coals, Pre-drying procedures

1. Introduction

Low-rank high-moisture coals around the world are vast constitute and a major energy source for the future as
reserves of such. High moisture content entails high transportation costs, potential safety hazards in
transportation and storage. In the combustion of such coals the thermal efficiency is reduced and increased
CO; emissions that contribute to the greenhouse effect. This is because in conventional coal-fired power plants
a part of the fuel’s heat is consumed in the boiler during combustion and mill drying to evaporate coal moisture.
The coal moisture leaves the power plant as steam together with the flue gas, so that this heat cannot be used
in the plant process and is lost. Also, the presence of moisture in coal reduces coal friability, negatively
affecting the quality of grinding, as well as pneumatic transport of pulverized coal.

US low-rank coals have typical values of moisture content range in the range 15-30% for sub-bituminous coal
and 25-40% for lignite [1]. The ash content of American lignite varies depending on the moisture content, €.g.
ash content of lignite (North Dakota) with 40% moisture is 12% [1]. In the work of Levi and others [2] it was
stated that the coal-drying experiments in the fluidized bed were carried out with coals of the following
moisture content: about 37% for sub-bituminous coal (Power River Basin) and 54-58% for lignite (North
Dakota).

The moisture content of German low-quality coal exceeds 50%, while the ash content is 5-15%, depending on
the moisture content [3]. Open pits of lignites, i.e. brown coals are: Rhineland, Lusatian, Central German and
Helmstedt.
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Review of Particulate Matter Emission Reduction at the TPP Nikola
Tesla A after Reconstruction and Modernization all Six Units
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Abstract: Public Enterprise "Electric Power Industry of Serbia” has harmonized their operation in
accordance with regulations with EU requirements related to the limitation of the emission of certain
pollutants into the air from large combustion plants until 2016. Among other measures, electrostatic
precipitators reconstructions of the intended units were completed until 2015. Reduction of the outlet
concentration of particulate matter was mainly achieved by increasing of height and number of collecting
electrodes of electrostatic precipitators. Additional measures were adding one additional field of electrodes
and enhancement of current and voltage characteristics of electrostatic precipitator sections. Suppliers of
electrostatic precipitators guaranteed the outlet concentration of particulate matter < 50 mg/m® and it was
also confirmed by the guarantee investigations in accordance with standard 1SO 9096. Thermal Power plant
Nikola Tesla A, as the largest power plant in Serbia, consist of six units which electrostatic precipitators
were reconstructed and modernized. This paper present results of guarantee, periodic-intermittent and
automatic measuring system (AMS) tests of particulate matter concentration after the reconstruction and
several years later and indicate problems in power plant operation.

Keywords: particulate matter, emission, electrostatic precipitator, reconstruction, modernization.

1. Introduction

In order to preserve the environment, thermal power plants, as one of the biggest polluters, invest significant
funds in the construction of new facilities to reduce the emission of dust, sulfur and nitrogen oxides.

The long-term investigations of the particulate matter emission by authorized and accredited institutions,
before the reconstruction of electrostatic precipitators, determined that the highest level of emissions of 2000
mg/Nm? for units A1 and A2, while for units A3 to A6, the emission were in the range from 80 to 400 mg/Nm?,
The oldest units Al and A2, with the lowest degree of dedusting before reconstruction, had in the total
particulate matter emission share of 66% in TPP Nikola Tesla A, and producing only 15% of the TPP total
electricity production [1].

The Electric Power Industry of Serbia has adopted a long-term modernization program to reduce
environmental pollution. In order to reduce particulate matter concentration to the level of below 50 mg/Nm?,
the reconstructions and modernizations of the existing electrostatic precipitators were carried out between
2004-2014 at all six units of the TPP "Nikola Tesla".

Electrostatic precipitators of the thermal power plant Nikola Tesla were reconstructed and modernized by a
consortium of companies from Poland RAFAKO S.A., ELWO S.A. and companies from Serbia
Energoprojekt-Oprema and Energoprojekt-Entel [2-7].

The aim of this paper is to analyze all six units operations after reconstruction and modernization, in terms of
the particulate matter emission into the air and to indicate the problems that need to be fixed.

534
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of Electrostatic Precipitator of Unit Al in TPP Nikola Tesla

Zoran Markovi®, Mili¢ Eric®, Predrag Stefanovic®, Ivan Lazovi®®, Aleksandar Milicevié®

8 Vinca Institute of Nuclear Sciences - National Institute of the Republic of Serbia, University of
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¢ Vinca Institute of Nuclear Sciences - National Institute of the Republic of Serbia, University of Belgrade,
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¢ Vinca Institute of Nuclear Sciences - National Institute of the Republic of Serbia, University of Belgrade,
Belgrade, RS, amilicevic@vinca.rs

Abstract: To obtain the optimum dedusting efficiency of an electrostatic precipitator, the flue gas should
be uniformly distributed over the precipitator's vertical cross-section. This paper presents the results of the
homogeneity assessment of the velocity distribution in vertical cross-sections of the electrostatic
precipitator of unit Al in the thermal power plant Nikola Tesla in Obrenovac. Velocity measurements were
conducted in the front of the first and after the last electrical field of the precipitator. The coefficient of
variation, momentum correction coefficient, energy correction coefficient, and linear and quadratic norm-
based metrics of flow uniformity were calculated based on the values of velocities measured in the vertical
cross-sections of interest and compared. In addition, a percent of the total area of the cross-section that
exhibits velocities less than 85%, greater than 115%-and greater than 140% of the average velocity in the
cross-section were calculated. The analysis indicated unfavorable velocity distribution resulting in poor
homogeneity of the flow field through the chamber of the precipitator regarding all calculated parameters,
therefore in a decrease in the precipitator's efficiency and an increase in particulate matter emission.

Keywords: electrostatic precipitator, velocity measurements, flow homogeneity assessment

1. Introduction

For the removal of particulate matter (PM) from the flue gas, the low-rank lignite-fired unit Al of the thermal
power plant Nikola Tesla in Obrenovac is equipped with two-chamber dry plate-type electrostatic precipitators
(ESP). According to the results of periodic measurements carried out in 2016 and 2018, i.e. continuous
measurements in 2017, the PM emission from unit A1 exceeded the emission limit value (ELV) of 50 mg/Nm3.
The major overhaul of the unit is planned for 2022/2023 and it is expected that the unit will be at a longer
standstill (12 months). During that overhaul, the primary measures for the nitrogen oxide emission reduction
from unit Al are planned to be introduced. At the same time, the appropriate refurbishment of the ESP could
be done in order to increase their efficiency. For this purpose, during the overhaul of unit Al in 2020, certain
reconstructions were made only on ductwork of the left chamber of the ESP. An comprehensive analysis was
necessary in order to check the effects of the implemented reconstructions and to determine the limitations for
achieving the required high efficiency of the ESP as well as to propose the measures that could be implemented
during the overhaul in order to improve their efficiency and to reduce PM emission. It was demanded to
determine the velocity distribution in the chambers of ESP of unit Al and to assess the uniformity of the flow
through the ESP as one of the main influencing factors on the ESP efficiency [1]. This paper presents the
results of the velocity measurements in the chamber of the ESP of unit Al conducted on 2.11.2020. The goal
was to assess the homogeneity of the velocity distribution in the vertical cross-sections of the ESP chamber.
Measurement of the velocity distribution in the ESP chamber is a demanding task. In such a test, the gas
velocity is measured over the entire cross-section of the ESP. This test is conducted’’offline”’, with the unit
and ESP out of operation and a flue gas fan (FGF) in operation, generating the necessary airflow through the
ESP chamber and ductwork for the measurement. Particle Image Velocimetry (PIV) [2,3] and Laser Doppler
Velocimetry (LDV) [4] are primarily applicable in laboratory conditions for the cases of small measuring
domains and low gas velocities. For on-site measurements of the air velocity distribution in the large vertical
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11.15 NUMERICAL SIMULATION OF GAS FLOW THROUGH PERFORATED PLATES
INCLINED TO THE MAIN FLOW

Z. Markovi¢ (1), R. Jovanovi¢ (1), M. Eri¢ (1) and L. Lazovi¢ (1)
(1) Institute Vinca, University of Belgrade, Belgrade, Serbia
zoda_mark@vin.bg.ac.rs

Background and Aims: The new, restrictive best available technology requirements posed by EU Decision
2017/1442 clearly define the need to take measures to improve existing flue gas treatment installations. The
process of removing particulate matter from the flue gas generated in coal-fired boilers of thermal power plants,
by electrostatic precipitators (ESP), or by using filter bags, is significantly affected by uniformity of flue gas
flow through the dedusting zone (Béack, 2017). In order to improve the flue gas flow distribution through the
ESP, perforated plates are used to establish as uniform as possible flow over the cross-section of the wide-
angle diffuser exit. A computational Fluid Dynamics (CFD) method with source terms in the momentum
equation defined according to the porous medium model is widely used for numerical simulation of flow
through the perforated plate. Permeability and internal resistance per unit thickness of the perforated plate,
considered as homogenous porous material, are usually calculated based on results of experiments. With these
parameters defined for the streamwise direction, the porous medium model is useful in cases where the
incoming velocity is almost perpendicular to the perforated plate. But this model loses prediction accuracy for
the velocity distribution behind the perforated plate, as well as for the pressure drop through the plate, when
the direction of the incoming fluid velocity deviates from the perpendicular (Guo et al, 2013), which is always
the case for the wide-angle diffuser of one ESP. The aim of the present work is to add to the existing porous
medium model when used in modelling a perforated plate by introducing a new approach for determination of
the momentum losses regarding both streamwise and transverse directions for wide range of yaw and pitch
angles of incoming flow.

Methods: The permeabilities and loss coefficients are calculated based on the results of CFD numerical
simulations for different angles of incoming flow. The numerical calculations were performed by using
ANSYS CFX finite-volume-based software to resolve the RANS equation for the solution domain. The key
simulation properties are defined to be parameters representing one design point. The output parameters for all
design points are solved by using Design of Experiments (DOE) technique. The permeability and loss
coefficient algebraic dependencies on the angle are defined and implemented in the porous medium model.
The proposed procedure is applied on the case of a plate of thickness 5mm, with face porosity 0.3 formed of
circular openings in quadrilateral pitch.

Key results of the study: The results obtained for several pitch and yaw angles by applying the proposed
approach are compared to the results of the full-scale CFD numerical simulations as well as to the CFD
simulations relying on the standard porous medium model with permeability and loss coefficient defined in the
direction orthogonal to the perforated plate An acceptable correlation was obtained and directions for future
work highlighted (influence of the wall and other structural elements).

Conclusions: The study shows that the proposed approach is suited to predict pressure drop and velocity
distribution behind the perforated plate for a wide range of yaw and pitch angles of incoming flow. More
reliable prediction of the flow distribution in the exit of the wide-angle diffuser allows optimization of the flow
through the ESP, and therefore a decrease in particulate matter emission.

Acknowledgements: This work was financially supported by the Ministry of Education, Science and Technological
Development of the Republic of Serbia, research theme: Improving the efficiency of equipment for waste gas purification
and exploitation processes by increasing the fuel quality and assessing the impact on air pollution, which is being realized
in ,,VINCA" Institute of Nuclear Sciences - National Institute of the Republic of Serbia, University of Belgrade, Belgrade,
Serbia.
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