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Abstract: 

The aim of the paper was to analyse energy efficiency indicators of 
energy consumption over public buildings in the territory of the City 
of Novi Sad. Also, the paper analyses the costs of energy and water 
consumption, as well as the emission of CO2 and other greenhouse 
gases. Analysis of energy consumption was carried out on 200 public 
buildings in the territory of the City of Novi Sad. The time frame for 
observing energy consumption is 2013-2015. years. Total average 
primary energy consumption for the mentioned period amounted to 
8,142 teo, and the average value of emissions of harmful gases with 
greenhouse gases was 25,527.23 tCO2. 
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1. INTRODUCTION

The world’s rapidly growing energy 
consumption rates, coupled with the associated 
environmental impacts of such energy 
consumption, has raised concerns in different 
communities and among researchers, engineers, 
and even politicians [1,2]. This concern raised the 
problem of increasing energy consumption as one 
of the most important geopolitical issues of today 
[3]. From fossil fuels today, coal is the largest 
source of CO2 emissions in the world with 
emissions of 43.9%, followed by oil 35.3% and 
natural gas with 20.3% emissions. [4]. Actual global 
emissions increased by 1.4% over 2011, reaching a 
total of 34.5 billion tonnes in 2012. The CO2 
emissions trend reflects energy-related human 
activities which were determined by economic 
growth, particularly in emerging countries. In 2012, 
a decoupling of the increase in CO2 emissions from 
global economic growth (in GDP) took place, which 
points to a shift toward less fossil fuel-intensive 
activities. Furthermore, trend reflects enhanced 
use of renewable energy and increased energy 
saving [5,6]. Even if humans stop combusting fossil 

fuels and discharging CO2 into the atmosphere, the 
average global temperature of the Earth will 
continue to increase for the rest of the century. 
The long lifetime of CO2 (estimated in the 100-300 
year range [7,8]) means that the excess 
atmospheric stocks (515 Gt Carbon) would 
continue to drive radiative forcing and global 
warming for many decades [8,9]. 

2. ENERGY EFFICIENCY OF PUBLIC BUILDING

One of the main reasons for the application of 
energy efficiency in buildings is the protection of 
the environment, reducing CO2 emissions and 

other harmful gases into the atmosphere 10-13. 
The building sector is responsible for 40% of global 
energy consumption and 30% of anthropogenic 
greenhouse gas (GHG) emissions [14,15]. The 
energy consumption of buildings is responsible for 
38% of CO2 emissions to the atmosphere, 52% of 
SO2 emissions, and 20% of Nox emissions [2,16]. For 
example, by applying energy efficiency measures, 
CO2 emissions and other harmful gases in FR of 
Germany are reduced by 27%, and today FR of 
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Germany 1/3 receives its energy from renewable 

energy sources 17. 
The largest number of residential buildings in 

the Republic of Serbia is now in the energy class G, 
which means that it consumes more than 175 
kWh/m2 for heating purposes 18, cases for public 
buildings consume about 169 kWh/m2 17,19. 
Here we should add the fact that due to the old 
age of buildings and installations on them from 
year to year increase maintenance costs. The 
average energy needed to heat buildings in the 
Republic of Serbia is about 2.5 times higher than in 
the countries of the European Union. In the 
Republic of Serbia, 70% of buildings have no 
isolation, which is one of the reasons why they 
consume about 40% of the energy. An investment 
of 18 €/m2 is required today to invest in quality 
insulation 17.  

 

3. MATERIALS AND METHODS 
 

Research to date on climate change related 
uncertainties has primarily focused on 
technological, economic, political and climatic 
factors [20-29]. The problem of research in the 
work is that on the example of one City it is shown 
that the aforementioned factors influence the 
consumption of energy at public buildings. 

The aim of the paper is to present indicators of 
energy efficiency of energy consumption over 
public buildings in the territory of the City of Novi 
Sad. The paper also analyses the costs of energy 
and water on the same facilities as well as the CO2 
and other greenhouse gas emissions. 

The paper analyses the consumption of energy 
over 200 public buildings (kindergartens, primary 
and secondary schools, schools and social 
protection centres, health centres, city centres, 
etc.) in the territory of the City of Novi Sad. The 
time frame for observing energy consumption is 
2013-2015. years. 

In order to better demonstrate energy 
consumption, the following energy efficiency 
indicators have been analyzed: 
➢ Consumption of heat energy (district heating 

and natural gas) in public buildings for the 
period 2013-2015. years, Tab.1-3; 

➢ Electricity consumption in public buildings 
for the period 2013-2015. years, Tab.4-6. 

The paper also presents the analysis: 
➢ Cost of energy and water for public for the 

period 2013-2015. years, Fig.1-3; 
➢ Consumption of heat, electricity and water 

for the period 2013-2015. years, Fig.4; 

➢ Emissions of harmful gases with greenhouse 
effects for the period 2013-2015. year, Fig.5. 

In order to perform energy consumption 
analysis in the territory of the City of Novi Sad, 
data on who, where, in which quantity and when 
using certain types of energy or energy, how much 
are the costs incurred by using these energy 
sources or energy, were collected and 
systematized based on which appropriate energy 
indicators have been identified. The analysis of 
energy consumption in the territory of the City 
Novi Sad is carried out on the basis of these data, 
by comparing the values of the indicators and 
other parameters with reference values. 
 

3.1. General data on the City of Novi Sad 
 

Novi Sad is the largest city of the Autonomous 
Province of Vojvodina. The city of Novi Sad is the 
administrative, economic, cultural, scientific and 
tourist center of AP Vojvodina and is the seat of 
the provincial authorities and the administrative 
center of the South Bačka District. The city of Novi 
Sad has 15 suburban settlements, the municipality 
of Novi Sad covers an area of 702.7 km². The city of 
Novi Sad is the second city in Serbia according to 
the number of inhabitants in the administrative 
territory of Novi Sad, which has 341,625 
inhabitants. The climate in the territory of Novi Sad 
moves from a moderate continental to a 
continental one, so the city has all four seasons. 
The average air temperature in the city is 10.9° C, 
the average temperature in January is -1° C, while 
in July it is 21.6° C [11]. 

 

4. ANALYSIS OF RESEARCH RESULTS 
 

Analysis of the energy efficiency indicators of 
thermal energy consumption in public buildings for 
the City of Novi Sad for the period 2013-2015. 
years it was concluded that the average values: 
specific heat consumption amounted to 168.12 
kWh/m2, the specific costs for thermal energy 
amounted to 10.35 €/m2 and the specific costs for 
thermal energy per user of the building amounted 
to 134.66 €/user, (Tab.1-3). 

By analyzing the energy efficiency indicators of 
electricity consumption in public buildings for the 
City of Novi Sad for the period 2013-2015. The year 
was concluded that the average values: specific 
electricity consumption amounted to 56.38 
kWh/m2, specific costs of electricity amounted to 
4.3 €/m2 and the specific costs of electricity per 
user of the building amounted to 63.40 €/user, 
(Tab.4-6). 
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Table 1. Energy efficiency indicators of heat 
consumption in public buildings - 2013. year 

 Indicator  Unit 

Specific consumption of 
heat energy 

180.63 kWh/m2 2,215.89 kWh/user 

Specific costs for heat 

energy per m2 1,270.63 RSD/m2 11.08 €/m2 

Specific costs for thermal 
energy per building user 

14,532.56 RSD/user 126.77 €/user 

Table 2. Energy efficiency indicators of heat 
consumption in public buildings - 2014. year 

Indicator Unit 

Specific consumption of 
heat energy 

154.58 kWh/m2 2,494.62 kWh/user 

Specific costs for heat 
energy per m2 

1,172.62 RSD/m2 9.69 €/m2 

Specific costs for thermal 
energy per building user 

19,018.82 RSD/user 157.23 €/user 

Table 3. Energy efficiency indicators of heat 
consumption in public buildings - 2015. year 

Indicator Unit 

Specific consumption of 
heat energy 

169.15 kWh/m2 2,102.69 kWh/user 

Specific costs for heat 
energy per m2 1,250.03 RSD/m2 10.28 €/m2 

Specific costs for thermal 
energy per building user 

14,592.49 RSD/user 119.97 €/user 

Table 4. Indicators of energy efficiency of electricity 
consumption in public buildings - 2013. year 

Indicator Unit 

Specific electricity 
consumption 

61.77 kWh/m2 734.64 kWh/user 

Specific costs of 
electricity 

495.28 RSD/m2 4.32 €/m2 

Specific costs of 
electricity 

5,913.75 RSD/user 51.59 €/user 

Table 5. Energy efficiency indicators for electricity 
consumption in public buildings - 2014. year 

Indicator Unit 

Specific electricity 
consumption 

56.45 kWh/m2 812.79 kWh/user 

Specific costs of 
electricity 

516.15 RSD/m2 4.27 €/m2 

Specific costs of 

electricity 
7,894.16 RSD/user 65.26 €/user 

Table 6. Energy efficiency indicators for electricity 
consumption in public buildings - 2015. year 

Indicator Unit 

Specific electricity 
consumption 

50.94 kWh/m2 843.22 kWh/user 

Specific costs of 
electricity 

524.33 RSD/m2 4.31 €/m2 

Specific costs of 

electricity 
8,923.47 RSD/user 73.36 €/user 

Average cost of public buildings for the period 

2013-2015. year amounted to 60.88% for thermal 

energy, 23.22% for electricity and 15.9% for water, 

(Fig.1-3). 

Total average values of energy consumption for 

the City of Novi Sad for the period 2013-2015. year 

were: Total heat consumption - total 43,618.23 

GWh, consumption heat energy (district heating) 

23,002.73 GWh, consumption heat energy (natural 

gas) 20,615.50 GWh, consumption electricity 

15,254.07 GWh and water consumption 

435,923.33 m3, (Fig.4). 

Total average primary energy consumption for 

the period 2013-2015. the year was 8,142 teo. 

 
 

 
Fig.1. Share of energy and water in costs - 2013. year 

 
 

 
Fig.2. Share of energy and water in costs - 2014. year 
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Fig.3. Share of energy and water in costs - 2015. year 

 
Average value of emissions of harmful gases 

with greenhouse effects for the City of Novi Sad for 
the period of time 2013-2015. the year was 
25,527.23 tCO2/year, (Fig.5). 

 
Fig.4. Consumption of heat, electricity and water 2013-

2015. Years 
 

 
Fig.5. Emission of harmful gases with greenhouse 

effects 2013-2015. years 

In order to further improve energy efficiency, 
architectural solutions that require the use of 
green roofs and vegetation walls [30], installations 
with renewable energy sources, etc. should be 
used when constructing new public buildings. In 
the already existing buildings, energy 
reconstruction measures should be applied: 
replacement of worn-out joinery, insulation of 
buildings, reconstruction of old roofs, etc. One of 
the models of improving energy efficiency on 
public facilities could certainly be the model of 
public-private partnership, the so-called ESCO 
investment model. 
 
5. CONCLUSIONS 

 
In recent years, it is said that energy efficiency 

is the most recent renewable source of energy, 
since the benefits of energy saving and lower CO2 
and other greenhouse gas emissions are very 
significant. Also, the legislation stipulates that 
measures to improve energy efficiency are 
considered public interest. Leaders of energy 
efficiency flows should be local government units, 
which should become producers, and not only 
energy consumers. Presented research results 
show that there is room for improvement of 
energy efficiency on certain public buildings on the 
territory of the City of Novi Sad. The energy sizes 
presented in this way should be a benchmark for 
future energy projects to be performed in order to 
achieve energy savings of at least 1% of primary 
energy annually. 
 
REFERENCES 
 
[1] P. Lombard, L. José Ortiz, P. Christine, A 

review on buildings energy consumption 
information. Energy and Buildings, 40 (3), 
2008: pp.394-398. 
https://doi.org/10.1016/j.enbuild.2007.03.00
7 

[2] M. Alirezaei, M.Noori, O. Tatar, Getting to net 
zero energy building: Investigating the role of 
vehicle to home technology. Energy and 
Buildings, 130 (-), 2016: pp.465-476. 
https://doi.org/10.1016/j.enbuild.2016.08.04
4 

[3] S. Franjić, Legal regulations of european 
energy policy in Croatia, Applied Engineering 
Letters, 1 (2), 2016: pp.39-44. 

[4] H. Salvarli, and M. S. Salvarli, Trends on 
energy policy and sustainable development in 
Turkey. Energy Sources, Part B: Economics, 

61.47%

23.59%

14.94%

Топлотна енергија (УКУПНО)

Електрична енергија ЕПС

Потрошња воде

405,000

410,000

415,000

420,000

425,000

430,000

435,000

440,000

445,000

450,000

0.00

5,000.00

10,000.00

15,000.00

20,000.00

25,000.00

30,000.00

35,000.00

40,000.00

45,000.00

50,000.00

2013 2014 2015

m
3

G
W

h

Топлотна енергија (УКУПНО)

Топлотна енергија (СДГ)

Топлотна енергија (Природан гас)

Електрична енергија ЕПС

Потрошња воде

21,000.00

22,000.00

23,000.00

24,000.00

25,000.00

26,000.00

27,000.00

28,000.00

29,000.00

2013 2014 2015

t 
C

O
2

Емисија CO2

Heat energy - (total)  

Electricity  

Water consumption  

 

Emission CO2 

Heat energy - (total)  

Heat energy - (distr ict heating)  

Heat energy - (natural gas) 

Electricity  

Water consumption  
 
 

https://doi.org/10.1016/j.enbuild.2007.03.007
https://doi.org/10.1016/j.enbuild.2007.03.007
http://www.sciencedirect.com/science/article/pii/S037877881630740X
http://www.sciencedirect.com/science/article/pii/S037877881630740X
http://www.sciencedirect.com/science/article/pii/S037877881630740X
http://www.sciencedirect.com/science/journal/03787788
http://www.sciencedirect.com/science/journal/03787788
http://www.sciencedirect.com/science/journal/03787788/130/supp/C
https://doi.org/10.1016/j.enbuild.2016.08.044
https://doi.org/10.1016/j.enbuild.2016.08.044


A. Ašonja and J. Rajković / Applied Engineering Letters Vol.2, No.3, 115-120 (2017) 

119 

Planning, and Policy, 12 (6), 2017: pp.512-518. 
dx.doi.org/10.1080/15567249.2016.1217284 

[5] PBL Netherlands Environmental Assessment 
Agency. Trends in Global CO2 Emissions: 2013 
Report, 2013. 

[6] H. Ali Bekhet, A. Matar, T. Yasmin, CO2 
emissions, energy consumption, economic 
growth, and financial development in GCC 
countries: Dynamic simultaneous equation 
models. Renewable and Sustainable Energy 
Reviews, 70 (-), 2017: pp.117-132. 
https://doi.org/10.1016/j.rser.2016.11.089 

[7] J. Butler, S. Montzka, The NOAA annual 
greenhouse gas index (AGGI). NOAA/ ESRL 
Global Monitoring Division, 2015.  

[8] R. de Richtera, T. Mingb, P. Daviesc , W. Liud , 
S. Caillola, Progress in Energy and Combustion 
Science. Progress in Energy and Combustion 
Science, 60 (-), 2017: pp.68-96. 

[9] H.D. Matthews, K. Caldeira, Stabilizing climate 
requires nearzero emissions. Geophys Res Lett 
35 (4), 2008: pp.L04705.  
doi:10.1029/2007GL032388. 

[10] A. Ašonja, E. Desnica, Lj. Radovanović, Energy 
Efficiency Analysis of Corn Cob Used as a Fuel. 
Energy Sources, Part B: Economics. Planning 
and Policy, 12 (1), 2015: pp.1-7.  
http://dx.doi.org/10.1080/15567249.2014.88
1931 

[11] D. Milošević, Ž. Adamović, A. Ašonja, System 
Reliability in Energetics. The Association of 
Intellectuals for the Development of Science 
in Serbia - "The Serbian Academic Center", 
Novi Sad, 2012. 

[12] A. Ašonja, K. Manojlović, E. Aliđukić, Green 
Energy. Training Center for Education - Energy 
Agency City of Novi Sad, Novi Sad, 2017. 

[13] А. Аšonja, М. Brkić, Justification of use of 
shingles as biofuels, Proceedings - II Scientific-
Expert Meeting "Energy Efficiency", High 
Technical School of Vocational Studies, Novi 
Beograd, No.EE-5, December 12, 2014, 
Belgrade, pp.45-53. 

[14] UNEP SBCI, Buildings and Climate Change. 
Summary for Decision-Makers, United Nations 
Environment Program Sustainable Buildings 
and Climate Initiative, 2009. 

[15] C. De Wolf, F. Pomponi , A, Moncaster, 
Measuring embodied carbon dioxide 
equivalent of buildings: A review and critique 
of current industry practice. Energy and 
Buildings, 140 (-), 1 2017: pp.68-80.  
https://doi.org/10.1016/j.enbuild.2017.01.07
5 

[16] W. Wang, R. Zmeureanu, R. Hugues, Applying 
multi-objective genetic algorithms in green 
building design optimization. Building and 
Environment, 40 (-), 2005: pp.1512-1525. 

[17] A. Ašonja, Energy balances of public buildings 
in the city of Novi Sad. ANNALS of Faculty 
Engineering Hunedoara – International 
Journal of Engineering, 15 (2), 2017: pp.81-84. 

[18] Discuss energy, Deutsche Gesellschaft für 
Internationale Zusammenarbeit (GIZ) GmbH, 
Belgrade, 2014. 

[19] The Energy Efficiency Program of the City of 
Novi Sad 2013-2015., Energy agency City of 
Novi Sad, 2016. 

[20] J. Rogelj, D. L. McCollum, A. Reisinger, M. 
Meinshausen, K. Riahi, Probabilistic cost 
estimates for climate change mitigation. Nature, 
493 (7340), 2013: pp.79-83.  
doi:10.1038/nature11787. 

[21] M. Webster, A. P. Sokolov, J. M. Reilly, C. E. 
Forest, S. Paltsev, A. Schlosser, C. Wang, D. 
Kicklighter, M. Sarofim, J. Melillo, R. G. Prinn, 
H. D. Jacoby, Analysis of climate policy targets 
under uncertainty. Climatic Change, 112 (3-
4), 2012: pp.569-583. DOI: 10.1007/s10584-
011-0260-0 

[22] IPCC, Fifth Assess. Rep. Intergov. Panel Clim. 
Change, 2014. 

[23] T. M. L. Wigley, S. C. B. Raper, Interpretation of 
High Projections for Global-Mean Warming. 
Science, 293 (5529), 2001: pp.451-454. DOI: 
10.1126/science.1061604 

[24] M. Meinshausen, N. Meinshausen, W. Hare, S. C. 
B. Raper, K. Frieler, R. Knutti, D. J. Frame, M. R. 
Allen, Greenhouse-gas emission targets for 
limiting global warming to 2 °C. Nature, 458 (-), 
2009: pp.1158-1162. 
doi:10.1038/nature08017 

[25] D. P. van Vuuren, B. de Vries, A. Beusen and P. S. 
C. Heuberger, Conditional probabilistic 
estimates of 21st century greenhouse gas 
emissions based on the storylines of the IPCC-
SRES scenarios, Global Environmental Change, 
18 (4), 2008: pp.635-654.  
https://doi.org/10.1016/j.gloenvcha.2008.06.
001 

[26] R. Knutti, G. C. Hegerl, The equilibrium 
sensitivity of the Earth's temperature to 
radiation changes. Nature Geoscience, 1 (11), 
2008: pp.735-743.  
doi:10.1038/ngeo337 

[27] M. Schaeffer, T. Kram, M. Meinshausen, D. P. 
van Vuuren, W. L. Hare, Near-linear cost 
increase to reduce climate-change risk. 

http://www.sciencedirect.com/science/article/pii/S136403211630853X
http://www.sciencedirect.com/science/article/pii/S136403211630853X
http://www.sciencedirect.com/science/article/pii/S136403211630853X
http://www.sciencedirect.com/science/journal/13640321
http://www.sciencedirect.com/science/journal/13640321
http://www.sciencedirect.com/science/journal/13640321/70/supp/C
https://doi.org/10.1016/j.rser.2016.11.089
http://dx.doi.org/10.1029/2007GL032388
http://www.scopus.com.proxy.kobson.nb.rs:2048/source/sourceInfo.url?sourceId=4700152713&origin=resultslist
http://www.scopus.com.proxy.kobson.nb.rs:2048/source/sourceInfo.url?sourceId=4700152713&origin=resultslist
http://dx.doi.org/10.1080/15567249.2014.881931
http://dx.doi.org/10.1080/15567249.2014.881931
http://www.sciencedirect.com/science/article/pii/S0378778817302815
http://www.sciencedirect.com/science/article/pii/S0378778817302815
http://www.sciencedirect.com/science/article/pii/S0378778817302815
http://www.sciencedirect.com/science/journal/03787788/140/supp/C
https://doi.org/10.1016/j.enbuild.2017.01.075
https://doi.org/10.1016/j.enbuild.2017.01.075
https://link.springer.com/journal/10584
http://www.sciencedirect.com/science/journal/09593780
https://doi.org/10.1016/j.gloenvcha.2008.06.001
https://doi.org/10.1016/j.gloenvcha.2008.06.001


A. Ašonja and J. Rajković / Applied Engineering Letters Vol.2, No.3, 115-120 (2017) 

120 

Proceedings of the National Academy of 
Sciences of the United States of America, 105 
(52), 2008: pp.20621-20626.    
doi: 10.1073/pnas.0802416106  

[28] M. D. Mastrandrea, S. H. Schneider, Probabilistic 
Integrated Assessment of "Dangerous" 
Climate Change, Science, 304 (5670), 2004: 
pp.571-575. DOI: 10.1126/science.1094147 

[29] I. Capellán-Pérez, I. Arto, J.M. Polanco-Martínez, 
M. González-Eguino, M. B. Neumann, Likelihood 
of climate change pathways under uncertainty 
on fossil fuel resources availability. Energy & 

Environmental Science, - (9), 2016: pp.2482-
2496.  
https//DOI: 10.1039/c6ee01008c 

[30] J. Skerlić, B. Sudimac, D. Nikolić, B. Stojanović,  
J. Radulović, Optimization of the building 
envelope with integrated vegetation modular 
elements using factorial design. 2st 
International conference on Qulaity of Life, 
Center for Quality, Faculty of Engineering, 
University of Kragujevac, June 2017, pp.121-
128.

 

http://pubs.rsc.org/en/results?searchtext=Author%3AI%C3%B1igo%20Capell%C3%A1n-P%C3%A9rez
http://pubs.rsc.org/en/results?searchtext=Author%3AI%C3%B1aki%20Arto
http://pubs.rsc.org/en/results?searchtext=Author%3AJosu%C3%A9%20M.%20Polanco-Mart%C3%ADnez
http://pubs.rsc.org/en/results?searchtext=Author%3AMikel%20Gonz%C3%A1lez-Eguino
http://pubs.rsc.org/en/results?searchtext=Author%3AMarc%20B.%20Neumann

