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Abstract: Thermal power, in addition to traffic, has the greatest negative impact on the environment as an emitter of harmful 

gases, industrial waste water, waste heat and noise from the technological process of electricity generation from coal, which 

necessitates a complex, comprehensive and comprehensive approach to environmental protection. This approach is reflected 

in: the fight for the protection of the environment, the reduction and prevention of negative impacts on climate change, the 

transfer of pollutants and negative consequences, in the protection of water, land, air and public health. The problem of air 

pollution is particularly present in Serbia, primarily as a result of the extremely low level of environmental awareness and 

the lack of professional environmental education. The causes of air pollution in Serbia are: poor quality fuel combustion, use 

of old motor vehicles without catalytic converters, use of outdated technologies in the industrial and energy sectors, lack of 

a national cadastre of air pollutants, lack of a national inventory of greenhouse gas emissions and inadequate quality 

monitoring network air. The paper presents the impact of the thermal power plant on the environment as well as some 

proposed measures for its energy efficiency. 
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1. INTRODUCTION 

The development of energy, through the allocation of costs and benefits, is inversely proportional 

to the poverty rate. The legal framework for the energy sector and the institutional conditions that it 

establishes should be so structured as to lead to poverty reduction (better to say – wealth increase), 

through higher employment, higher living standards and fuller enjoyment of "public goods". Sustainable 

energy development is globally oriented towards climate change policy, but is essentially focused on 

balancing the goals of economic development, the pursuit of energy rights as part of human rights, and 

the right to a healthy environment [8]. 

Thermal power, in addition to traffic, has the greatest negative impact on the environment as an 

emitter of harmful gases, industrial waste water, waste heat and noise from the technological process of 

electricity generation from coal, which necessitates a complex, comprehensive and comprehensive 

approach to environmental protection. This approach is reflected in: the fight for the protection of the 

environment, the reduction and prevention of negative impacts on climate change, the transfer of 

pollutants and negative consequences, in the protection of water, land, air and public health [5].  

2. THERMAL POWER PLANTS 

Thermal power plants (TPPs) are plants where electricity is generated from the thermal energy 

contained in the fuel. The main subdivisions of fossil fuel thermal power plants are according to the 

following categories [3]: 

 Type of energy production: thermal power plants producing only electricity (condensing thermal 

power plants) and thermal power and thermal heating plants (TPP-THP), which in addition to 

electricity produce thermal energy via heat carriers (steam or hot water), that are used for 

technological processes and heating. 

 Type of fuel used: TPP using solid (coal), liquid (petroleum and petroleum products) and gaseous 

fuel (natural gas) as well as a combination of two or three fuels. 
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 Type of base turbine: TPP with steam or gas turbines or combined process when both steam and 

gas turbines are applied. 

 Cooling type: Flow and backflow cooling. For flow cooling, the condenser cooling water is taken 

from a natural source (river, lake), passed through the condenser and returned. When there is no 

natural source of cooling water, the same water is passed through the condenser and is constantly 

cooled in separate refrigerators (cooling towers are the most efficient), which represents 

backflow or artificial cooling. 

Thermal power plants are most commonly used in the electricity system as so-called, basic power 

plants, which cover a fixed part of the load. The own consumption of thermal power plants is 7-10% of 

the rated power of the power plant. 

2.1. Thermal Power Plant Operation Principle 

In the combustion chamber combusts fuel (coal, oil, gas) and produces thermal energy that heats the 

boiler. For better combustion, fans are used to inject oxygen into the combustion chamber. Heating the 

water in the boiler produces steam to start the turbine [6]. In the case of coal-fired power plants, the 

combustion produces gases which, from the combustion chamber of the boiler, through the pipeline, 

flow into the chimney and the surrounding atmosphere. Steam boiler produces steam that is preheated 

to 500-6000C in steam superheaters and pressurized from 90 to 100 bar. The resulting superheated steam 

goes through a steam turbine and expands. This is where the heat energy is converted into kinetic energy, 

which drives the generator rotor. The steam exiting the turbine comes into the condenser, cools and turns 

into a liquid - water. The resulting water is brought to the boiler and converted to steam again. 

The gases from the boiler combustion chamber go into the filters located under the chimney and 

through them they escape into the atmosphere. Coal-fired power plants have a steam generation rate 

above 40%. The power plants are built in blocks (the block is the basic production unit of the power 

industry in modern thermal power plants and consists of a steam generating plant, a condensing turbine, 

an electric generator and a transformer plant), with a capacity of up to 4000 MW, where each block is 

600-700 MW. The content of CO, CO2, SO2, NO and NO2 is registered in the exhaust gas registers. 

2.2. Cogeneration 

District heating plants are centralized plants for the production of hot water as consumable and 

heating water and for technological processes from fuel energy. Often, for the sake of better utilization 

of energy, thermal power plants - thermal heating plants (TPP-THP), are built. This production system 

is called cogeneration. Cogeneration is a term applied to systems that produce both electricity and useful 

energy from the combustion fuels. So, the cogeneration process, is a combined production of electrical 

(or mechanical) and useful thermal energy from the same primary source of energy. In addition to 

electricity, the same amount of fuel is provided with additional thermal energy, which makes it possible 

to raise the level of chemical energy utilization of the fuel. Combustion of fossil fuels produces a large 

amount of low-potential (i.e. low-temperature) heat, which must be removed by the cooling system (heat 

losses in the process of chemical energy transformation into mechanical work). This energy can be used 

to heat hot water, to heat apartments and for similar purposes. This is how electricity is produced at the 

same time and waste heat is used for other useful purposes [5]. 

The cogeneration initiative is primarily of a financial nature, since the cost of electricity supply while 

producing heat is much lower than if the productions were to be carried out separately. Also, the fuel 

consumption is reduced in the case of simultaneous production as well as the environmental impact in 

the immediate vicinity of the plant. The importance of using cogeneration for the environment is as 

follows: 
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 The advantages of combined production of heat and electricity are derived from more efficient 

utilization of the heat potential of the fuel, which results in the reduction of emissions of air 

pollutants CO2, NOx and SO2. 

 Cogeneration consumes 15-20% less primary energy to produce the same amount of useful 

energy than the most modern plants for separate generation of heat and electricity, and of course 

equivalently contributes to the reduction of harmful emissions into the environment. 

 When cogeneration is combined with the switch to more environmentally friendly fuels, i.e. from 

coal to natural gas, this fuel switch shows an even greater contribution to environmental 

protection. 

3. ENVIRONMENTAL IMPACT ASSESSMENT 

Thermal power plants, especially lignite ones, have an adverse environmental impact. At the end of 

2000, in almost all thermal power plants in the Republic of Serbia, the emission of particulate matter, 

sulphur and nitrogen oxides exceeded the emission limit values by several times, and neither ash and 

slag disposal and wastewater treatment were satisfactorily resolved [6]. There are no hazardous waste 

treatment and disposal facilities in Serbia. Hazardous waste is temporarily stored in inappropriate 

warehouses, some of which have existed for decades. Some 5.5 million tonnes of fly ash and slag from 

thermal power plants are disposed of in inadequate locations. 

Based on the environmental legislation that came into force at the end of 2004, it was the obligation 

of JP Elektroprivreda Srbije to harmonize the operation of its facilities with the provisions of the 

Integrated Pollution Prevention and Control Act by 2015. This means that according to national 

regulations, which are harmonized with the EU regulation, modern protection measures must be applied 

in new and revitalized facilities, i.e. flue gas desulphurisation plants and high efficiency electric filters. 

It is also mandatory to implement measures to reduce the generation of nitrogen oxides, the installation 

of wastewater treatment plants, as well as the introduction of new, from the point of view of 

environmental protection, favourable solutions for the transportation and disposal of ash and slag [9]. 

During the period 2007-2016, the following activities were foreseen [9]: 

 to reduce air pollution: 

o installation of equipment for continuous monitoring, reduction of emissions/imissions and 

improvement of air quality; 

o reconstruction of electrofilters in accordance with EU standards (GBE = 50 mg/m3 solids) on the 

blocks under rehabilitation; 

o implementation of primary measures to reduce the concentration of nitrogen oxides in flue gases 

in accordance with EU standards (GBE = 200 mg/m3 nitrogen oxides) on the blocks under 

revitalization; 

o introduction of a flue gas desulphurisation plant in accordance with EU standards (GBE = 400 

mg/m3 sulfur oxides); 

o monitoring of work on increasing production efficiency (reduction of specific consumption) from 

the aspect of environmental protection; 

o supporting programs for thermalification from thermal power plants, from the environmental 

protection aspect; 

o upgrading existing and introducing new technologies for the transportation and disposal of ash 

and slag (by mixing ash and water in a 1:1 ratio), as well as replacing existing with new systems 

for transporting and depositing ash; 

o recultivation of ash dumps in accordance with a special program; 

o adherence to all environmental standards when constructing new objects and blocks. 

 To reduce water pollution: 

o reducing the amount and treatment of waste and oily wastewater; 
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o control of the quality of discharged waters and monitoring their impact on the recipients; 

o introduction of new ash transport and disposal technologies that minimize the negative impact 

of water pollution (surface and underground); 

o production of water curtains of wells around landfills to protect groundwater and land in the 

surrounding area. 

 for overall effects: 

o economic valorisation of the use of ash and slag as a secondary raw material in the cement 

industry, road construction, etc.; 

o EMS (Environmental Management System) introduction project and environmental 

management. 

3.1. Impacts to Air Quality  

The emission modeling process [7] includes the following procedures: 

 defining the model domain and receptors’ location; 

 emission inventory of all emitters observed; 

 characterization of the type of source; 

 processing of necessary meteorological data; 

 processing of field data; 

 modelling and analysis of results. 

The problem of air pollution is most often related to increased concentrations of pollutants in a limited 

geographical area. To overcome this problem, two types of activities are performed: forecasting of 

pollutant concentrations and protection measures are implemented with defining the standard as an 

acceptable level of pollution. Models can play a very important role here as they are used to predict the 

concentration of pollution depending on the mode of pollution emitted and the weather conditions [9]. 

The model can provide necessary information on the retention and spread of pollutants and provide 

warnings to polluters in order to maintain emissions within acceptable (permissible) limits. The creation 

of an air quality model is compounded by the complexity that is reflected in the complexity of the 

conditions prevailing in the atmosphere, the emission of various pollutants, the complexity of the 

locations of pollution sources and the chemical processes that occur in the atmosphere. In Table 1, 

Priority factors for the transmission of air pollutants at different scales, are shown. 

 

Table 1 - Priority factors for the transmission of air pollutants at different scales 

Priority 

Factors 

Local Impact Regional Impact (100-300 

km) Single Source (0-5 km) Urban Area (5-10 km) 

1 Wind Direction Wind Direction Wind Direction 

2 Effective Source Height Wind Speed Mixing layer height 

3 Wind Speed Dry deposition Wet deposition 

4 Dispersion Mixing layer height Dry deposition 

5 Mixing layer height 
Transformation 

(humidity, temperature) 

Transformation 

(humidity, temperature) 

6 Dry deposition (wind speed, substrate) Wet deposition (precipitation) Wind Speed 

7 Wet deposition (precipitation) Dispersion Effective Source Height 

8 Transformation (humidity, temperature) Effective Source Height Dispersion 

 



Тhe 6th International conference   

Knowledge management and informatics  Kopaonik, 13.-14. January, 2020. 
 

375 

 

3.2. Impacts to Water Quality  

The impacts of the thermal power plant on surface water quality [7] will be achieved in 2 ways: by 

abstraction of water from a river or lake and discharge of wastewater into the recipients. The service 

water is consumed in the wet flue gas desulphurisation plant in: evaporation process, free moisture from 

the obtained gypsum and waste water extraction. To compensate for water losses in the above processes, 

water must be continuously added to the desulphurization system. Most of the service water is added to 

the system through the flushing of the drip eliminators and the limestone suspension preparation system. 

Small amounts of water flow into the system through the moistening of the oxidation air and the rinsing 

of the obtained gypsum mass. For example, the Kostolac thermal power plant is supplied with water 

through a pipeline and connected to the main flow pipe of the cooling water. The thermal power plant is 

supplied with cooling water from the Danube River, through a dug channel through which water is 

directed to the pumping station. In the current operating mode, large quantities of cooling water are used. 

After cooling, this water is heated to the Mlava River [9]. The thermal power plant will generate 

wastewater, which is directed to a central wastewater treatment plant (unique to the entire thermal power 

plant) to multi-stage treatment (neutralization, heavy metal deposition, suspended matters deposition, 

flocculation) and final discharge into the recipient. 

3.3. Impacts to Soil and Ground Waters Quality 

In the example of the Kostolac thermal power plant, part of the technological process that could to 

some extent potentially affect the change in soil and groundwater quality is the process of depositing 

ash, slag and gypsum slurry in the designated cassettes in the Drmno surface landfill. The system consists 

of a plant for the first stage drainage of gypsum suspension, a system for transporting the suspension to 

the landfill and the gypsum landfill [2]. In order to protect the soil and groundwater at the site, the 

preparation of the landfill envisages the application and compaction of a layer of sand, 100 mm thick 

and the installation of two-stage waterproofing layer on the base and walls of the landfill. For the purpose 

of collecting and separating the effluent from the landfill, it is envisaged that a drainage of drainage 

pipes in the sand and gravel filter layer, enveloped in geotextile, shall be installed over the insulating 

film along one side. For drainage of drainage water it is envisaged to form a pumping station of a 

manhole type with two pumps, each with a capacity of 40 m3/h, through which the collected water will 

be returned to the thermal power plant. Impacts on groundwater can only be achieved in the event of 

unforeseen circumstances of overflowing waters into the groundwater [7]. 

3.4. Impacts to Ecosystem 

By the Decree on the categorization of watercourses [10], throughout the whole course through 

Serbia, the Danube was classified into a watercourse whose water should correspond to the quality class 

II. Wastewater which, after treatment at the central plant, will be discharged into the recipient (Mlava 

River) and will not significantly affect the water of the Mlava River, since the amount of these waters is 

several hundred times smaller than the minimum flow of the river and will not jeopardize its ecological 

capacity [2]. The negative impact on terrestrial and aquatic fauna is less pronounced as it is a species 

that will migrate in case of unfavourable conditions in search of more favourable habitat and the created 

ecological environment will take less sensitive species. 

3.5. Impacts from Noise 

The total noise of the plant at a distance of 1 m can be about 95 dB. Considering that the intensity 

of the sound decreases with the propagation of the wave front by increasing the distance between the 

source and the receptor and the passage of the sound wave through the medium (air), it is possible to 

estimate the sound level that will occur at the receptors closest to the location of the thermal power plant 

during the regular mode of operation of the plant [7]. The closest receptor to the location of a future 

project is about 20 sheds at a distance of about 500 m from the location of the future plant. The other 2 

receptors represent the village of Drmno, about 1,5 km southeast of the site of the thermal power plant, 

and the village of Stari Kostolac, about 1,3 km west of the thermal power plant. 
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3.6. Impacts from Ash and Slag 

The unit block is designed for continuous operation of 7000 h/a, and a planned working life of 40 

years. For determining the capacity of silo and lines for preparation and hydro-transport of ash and slag, 

the maximum daily or hourly production of ash and slag has been defined, while the calculation of the 

landfill space is based on annual production. There are many different commercial technologies available 

today for the collection and pneumatic transportation of ash. Ash collection technology with individual 

pressure vessels uses the basic principle to place under each funnel individual pneumatic receptacles that 

connect to the common pipelines, thus forming transport lines to the destination silo [2]. The type and 

size of vessels depends on the physical characteristics of the ash, the required capacity and the length of 

transport. Transport lines operate discontinuously in cycles of alternating filling and emptying of vessels. 

4. ENERGY EFFICIENCY 

Energy efficiency (EE) is usually defined as the ratio between the unit of product or service being 

obtained and the unit of energy invested. Increasing energy efficiency can not only be achieved by 

reducing the energy input, but by increasing the ratio of the resulting benefit to the energy input. The 

path from primary energy to useful energy in the form of thermal energy, light or mechanical work may 

involve the processes of transformation, transmission or transport, distribution and conversion of energy 

into useful energy. It is necessary to understand the energy losses that occur at each of these stages in 

order to make informed public policy decisions in this area. Thus, only 30% of net electricity produced 

is generated from 100% of primary fuel energy, or 25% of this energy reaches the final consumer [1]. 

The energy efficiency of a thermal power plant unit – block, should be followed by activities and 

works that, under normal circumstances, lead to a verifiable and measurable increase in the energy 

efficiency of the block's plants, technical systems of the block, production processes and primary fuel 

energy savings (coal as a primary energy source, oil and petroleum products as an auxiliary energy). 

These activities are based on the application of energy-efficient technology, that is, procedures that 

achieve energy savings and other associated positive effects: appropriate handling, maintenance and 

adjustment at the thermal power plant block. In doing so, energy efficiency has the following 

components: economic-financial, technical, human and organizational. Reasons for implementing 

projects in the field of energy efficiency improvement may be: economic (energy costs), energy (local 

and global), legislative (country, region or continent level), environmental protection (local and global) 

and competitiveness (local and global) [4]. 

There are 2 groups of measures to improve energy efficiency. The first group includes initiatives 

and measures to manage and reduce energy consumption and losses without changing the process, as 

well as the use of waste energy: stopping idle equipment, reducing unnecessarily high temperatures in 

process flows, limiting the use of hot water for cleaning and flushing, monitoring of energy consumption, 

remote or on-line monitoring and management of electricity consumption with the aim of avoiding a 

large factor of simultaneity and reduction of peak loads, systematic and planned maintenance of 

equipment, elimination of leaks of working fluids (steam, water, compressed air and vacuum), improved 

planning of operations, better insulation of heat transfer pipes, automatic control of temperature and 

pressure, introduction of centralized control of air-conditioning and heating systems, introduction of 

predictive maintenance, controlled and rational use of lighting, installation of highly efficient lighting, 

frequent “running” of large electric motor consumers to improve the power factor of electric motors, 

compensate for reactive electricity, preheat by the waste materials heat, recover condensate and install 

additional heat exchangers. The second group of measures refers to changes in the production process 

and introduction of technological and technical innovations: replacement of parts or the whole 

production plant with more modern and efficient ones, reconstruction of hot and steam installations, 

installation of modern highly efficient boiler plants, replacement of indirect drying with heated air by 

direct drying with warm (waste) gases from the natural gas combustion process, as well as the application 

of new or improved technologies, such as cogeneration (combined production of heat and electricity 
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from one source, thereby achieving a primary fuel efficiency factor of over 85%), trigeneration or the 

use of combined steam and gas installations [4]. 

5. CONCLUSIONS 

Thermal power plants generate huge quantities of waste materials in the process of electricity 

production, which end up in the environment, which is especially pronounced in thermal power plants 

with poor quality of coal (lignite), which is consumed most in thermal power plants located on the coal 

mines themselves or in their immediate vicinity. In the thermodynamic cycle of a thermal power plant, 

about 50% of the released heat energy is lost as waste heat by heating water in rivers, lakes, seas and air, 

and about 15% of energy is lost in flue gases, so that only about a third of the energy supplied is 

converted into electricity. 

The environmental impacts of thermal power plants are multiple, intense and generally unfavorable. 

They originate from potential air, water and soil pollution in the vicinity of the waste heat release site, 

disturbance of natural balance and sound influences. Emissions from thermal power plants include flue 

gases, dust, slag, ash and wastewater. The emission of gaseous products from the chimneys of thermal 

power plants directly depends on the quality and quantity of the coal burned and the flue gases contain: 

soot, ash, oxides of carbon, sulfur, nitrogen, etc. The dispersion of these pollutants in the atmosphere 

depends on the meteorological conditions, the height of the chimney and the kinetic energy of the gases 

at the outlet of the chimney. Under highly unstable meteorological conditions and inversion, the highest 

concentrations of pollutants occur at a relatively short distance (1-2 km) from the power plant. The 

emissions of particulates from the operation of thermal power plants originate from the furnace of the 

boiler, the coal deposit and the landfill of slag and ash. While particulate pollutants from the landfill are 

spread by wind for limited distances to their surroundings, those discharged through the chimney can 

reach much greater distances, depending on the height of the chimney and diffusion parameters. 

The burning of lignite produces larger quantities of ash, which range from about 0,3-0,5 kg / kWh. 

Thus, about 70 g / s of ash per 1 MW of electric power goes with the flue gas, which, given the total 

amount of flue gas, is about 50 g of ash per Nm3. The use of combustion of lignite in thermal power 

plants utilizes about 35% (modern thermal power plants up to 40% of energy), which is converted into 

electricity. The rest is discharged into the environment and 15% is lost via cooling water. Such a large 

amount of waste heat represents a thermal burden on the environment. Depending on the refrigerant 

available, there are several ways to transfer heat to the environment. Most often, fuel savings (the best 

degree of energy conversion efficiency) are obtained if the cooling system is flow-cooled, whereby waste 

heat is discharged into the river. In our conditions, the potential of the watercourse to receive waste heat 

is not great, and the construction of thermal power plants must be oriented primarily to reflow. 
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