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Abstract: Energy production and combustion, mostly from unregulated or inefficient fuel combustion, are the single most important anthropogenic sources of air pollutant emissions. Energy sector in Serbia is highly fossil fuel intensive: 87.88% of energy consumed in Serbia is related to fossil fuels, while almost 95% of energy sources are combusted. In 2017. energy related carbon dioxide emission in Serbia is was 47.95 million tones. The main source of carbon dioxide emission was coal, responsible for almost 70% of energy related carbon dioxide emission in the country. Currently the transport sector is the main source of pollution in urban areas in Serbia, while the main sources of air pollution are: biomass (firewood) for carbon monoxide and NOx from the buildings sector and oil derivates for carbon monoxide and NOx from the transport sector.
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1.INTRODUCTION
Energy is essential to economic and social development of each community and improved quality of life of citizens. Energy demand in the world has a constant growth, which is driven by increased number of inhabitants and growth of life standard 1. Much of the world's energy is currently produced and consumed in ways that could not be considered as sustainable 2. Primary energy consumption in the world is characterized with a constant growth and the dominant share of fossil fuels of 79.7% 3. The renewable energy source with the highest share is biomass with 6%. Fossil fuels and biomass make more than 85% of the primary energy need to be transformed to heat and/or electricity through combustion processes 3, which are the main sources of atmospheric pollution 4. The need to control atmospheric emissions of greenhouse and other gases and substances leads to the necessity of improving efficiency in energy production, transmission, distribution and consumption in the at the global level, or level of the country, region etc 4. 
Nowadays the most of attention of is dedicated to reduction of carbon dioxide emission and mitigation of climate changes 5,  while other pollutants receive less attention.  Energy production and combustion, mostly from unregulated or inefficient fuel combustion, are the single most important anthropogenic sources of air pollutant emissions. It is estimated that 85% of particulate matter and almost all of the sulfur oxides and nitrogen oxides are consequences of combustion processes 4. These pollutants are responsible for the most of negative impacts of air pollution, directly or after they are transformed into other pollutants in the atmosphere. Around 6.5 million deaths are attributed each year to poor air quality, making this the world’s fourth-largest threat to human health, behind high blood pressure, dietary risks and smoking 4.
Poverty and fossil fuel-intensive development and urbanization are determined as the main causes of air pollution 4. Emissions can be quantified at the level of total primary energy consumption, transformation or final energy consumption, while the special interest is dedicated to emissions related to electricity and heat generation, as well as from the transport and buildings sectors 6. The transport sector is a major source of air pollutants, despite the many policy and technology advances achieved so far. It is responsible for around half of all energy related nitrogen oxide emissions and is an important source of primary particulate matter. The buildings sector also receives attention since it is responsible for the highest shares of particulate matter and carbon dioxide at a global level (Figure 1) 4.Thus, cities could become pollution hotspots, as they concentrate people and related energy consumption.
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Figure 1. Selected primary air pollutants and their sources (Energy and air pollution)
This paper is aimed to determine energy related emissions in Serbia, with attention given to energy consumption in the buildings and the transport sectors, since they are seen as the main sources of air pollution in urban areas due to a great number of uncontrolled or poorly controlled combustion processes.

2.ENERGY CONSUMPTION AND PRODUCTION IN SERBIA
Data on energy consumption: by fuel and by activity are the bases for determination of pollutants emissions. For the case of Serbia data can be found in energy balances of the country 7. The trend and the structure of primary energy consumption for the last ten years are given in Figure 2.  In 2017 total primary energy supply was 667890 TJ 8. It can be characterized as highly fossil intensive – 87.88% of energy consumed in Serbia is related to fossil fuels. Almost 50% of total energy consumed in the country is related to coal -the dominant energy source in the energy sector of Serbia. Figure 2b shows that almost 95% of energy sources are combusted either for electricity and/or heat generation or in final energy consumption with end consumers 8.
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a)                                                                    b)
Figure 2 a) total primary energy consumption for period 2007-2017
b) structure of total primary energy consumption in 2017
Coal is mainly used for electricity generation i.e. 88% of total coal energy is utilized in thermal power plants or CHPs. Structure of electricity generation by source is presented in Figure 3. In average about ¾ of electricity in Serbia is generated in TPPs, with average efficiency of 34.2% 8.
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Figure 3. Electricity generation by source
Final energy consumption in Serbia in 2017 was 365047 TJ 8, with structure divided according to sectors and energy products presented in the Figures 4.1.a and 4.1.b.
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a)                                                                       b)
Figure 4. Final energy consumption a) by sector b) by fuel
Households and public and commercial sector (the buildings sector) account 44.45% of final energy consumption, so they need to receive special attention in terms of pollutant emissions. Industry is responsible for 27.62% of final energy consumption, followed with the transport sector with 25.73%. From figure 4b can be seen that 63.63% of final energy is combusted with end consumers. Only consumption in industry can be considered as a controlled and regulated. The rest is taking place in internal combustion engines or stoves and furnaces.

3. ENERGY RELATED EMISSIONS
Based on the data presented in 8 and default values for carbon dioxide emission factors 9 annual energy related carbon dioxide emission in Serbia is determined. In 2017 it was 47.95 million tones. The main source of carbon dioxide emission is coal, responsible for almost 70% of energy related carbon dioxide emission in the country (Figure 5). It is the energy source with the highest share and it is the carbon most intensive fuel, with the highest carbon dioxide emission factor. The structure of coal combustion indicates that about 60% of annual carbon dioxide emission in is a consequence of electricity generation in TPPs. Bearing in mind low efficiency of plants and the feeding fuel-lignite, in average 1kg of carbon dioxide is emitted during production of 1kWh of electricity in TPPs.
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Figure 5. Carbon dioxide emission by fuel

Table 1. Selected indicators of energy consumption and emission 10
	Country
	TPES/pop (toe/capita)
	TPES/GDP (toe/1000$)
	CO2/pop
(tCO2)/capita
	CO2/TPES
(tCO2/toe)

	Serbia
	2.16
	0.37
	6.46
	2.98

	Bulgaria
	2.55
	0.32
	5.68
	2.23

	Croatia
	2.03
	0.14
	3.80
	1.87

	Germany
	3.77
	0.09
	8.88
	2.36

	Poland
	2.58
	0.10
	7.63
	2.95



Data about carbon dioxide emission can be analyzed and discussed when they are transformed to indicators and considered in wider context (Table 1) 10. Among presented countries Serbia has the highest value of TPES/GDP which indicates the highest energy consumption per unit of produced value and energy intensive industry. In the case of Germany the highest value of emission per capita indicates higher energy consumption per capita, but with higher efficiency of economy. The highest value of indicator CO2/TPES for Serbia indicates the most carbon intensive energy mix.

Emission of other pollutants in Serbia is determined for the buildings and transport sector, since urban areas are now recognized as black points of air pollution. Estimation of pollutants emission is more demanding comparing with determination of carbon dioxide emission. Besides fuels composition values of emission factors are strongly driven by the nature of combustion processes (excess air coefficient, level of mixing fuel and oxidizer, local combustion temperature, etc). This means that there is no single level of emissions per unit of a specific fuel (emission factor) but, rather, a range of emission factors depending on such variables 4. Specific fuels play a key role in relation to certain types of air pollution, both in terms of emissions per unit of fuel consumed and in terms of their share of total emissions (Figure 6). 
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Figure 6.Global average emission factors 4

Emission factors can vary widely for each fuel among end-use sectors, depending on the technology implemented. For example: a gasoline car with a catalytic converter can emit 1.4 kt of NOX per Mtoe, while a diesel truck without filters can emit more than 50 kt of NOX per Mtoe 4.  

By applying appropriate emission factors for the combination fuel and activity, emission of carbon monoxide in Serbia from the buildings and transport sectors in 2017. is estimated to 560.3 thousand tones with a structure by fuel given in figure 7.
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a)                                                   b)

Figure 7. Carbon monoxide emission a) by fuel and b) by sector

Main source of carbon monoxide emission from the transport sector is passenger transport (303.4 million of tones) while the emission from the residential sector is related to space heating (206 million of tones) (Figure 8)
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Figure 8. Sources of carbon monoxide emission in the transport and residential sectors by activity

Nitrogen oxides emission from the buildings and transport sectors in 2017.was 63.1 million tones (Figure 9). The dominant source of NOx emission in Serbia is transport sector due to specific conditions of combustion in internal combustion engines: high temperature and sub stoichiometric equivalence ratio.
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Figure 9.Nitrogen oxides emission a) by fuel and b) by sector

Presented results indicate that currently the transport sector is the main source of pollution in urban areas in Serbia, while the main sources of air pollution are: biomass (firewood) for carbon monoxide and NOx from the buildings sector and oil derivates for carbon monoxide and NOx from the transport sector.


4. DISCUSSION

Actions directed to reduction of emissions can be divided into two main groups: to avoid and to reduce. From the research presented in this paper it is clear that reduction of pollutants need to tackle coal consumption in terms of carbon dioxide emission and firewood and oil derivates in terms of carbon monoxide and nitrogen oxides. Actions should sublimate both types of actions: avoid and reduce

Effect or some measures that could be option for mitigating air pollution in Serbia are explored in 11.Emissions from the buildings are mainly due to the space heating. Related emissions can be reduced by energy rehabilitation of buildings, connection to district heating systems, introduction of more efficient heating options –heat pumps, etc. In 11 is found that the highest energy savings and highest impact to the energy efficiency and emissions in building sector could be achieved by energy rehabilitation of buildings.

Actions that could be undertaken in the transport sector are: introduction of more efficient vehicles, modal shift, driving behavior, car sharing, introduction of electric vehicles. It is found that the highest energy savings and reduction of emissions could be achieved by modal shift focusing on the rail transport mode.


5. CONCLUSION

Energy sector in Serbia is highly fossil fuel intensive: 87.88% of energy consumed in Serbia is related to fossil fuels, while almost 95% of energy sources are combusted. In 2017. energy related carbon dioxide emission in Serbia is was 47.95 million tones. The main source of carbon dioxide emission was coal, responsible for almost 70% of energy related carbon dioxide emission in the country. Further analyses indicate that about 60% of annual carbon dioxide emission in is a consequence of electricity generation in TPPs.

Nitrogen oxides emission from the buildings and transport sectors in 2017.was 63.1 million tones, while  emission of carbon monoxide was 560.3 thousand tones. Main source of carbon monoxide emission from the transport sector is passenger transport (303.4 million of tones) while the emission from the residential sector is related to space heating (206 million of tones). The dominant source of NOx emission in Serbia is transport sector due to specific conditions of combustion in internal combustion engines: high temperature and sub stoichiometric equivalence ratio.

Obtained results indicate that currently the transport sector is the main source of pollution in urban areas in Serbia, while the main sources of air pollution are: biomass (firewood) for carbon monoxide and NOx from the buildings sector and oil derivates for carbon monoxide and NOx from the transport sector. Reduction of emission can be achieved by implementation of measures aimed to avoid and reduce emissions. For the buildings sector energy rehabilitation of buildings, connection to district heating systems, introduction of more efficient heating options –heat pumps are some of foreseen measures, while in the case of the transport proposed measures are introduction of more efficient vehicles, modal shift, driving behavior, car sharing,  introduction of electric vehicles and biofuels.
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