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 The need to conserve energy and traditional sources leads to increased energy efficiency. If 
maintaining the comfort of living is also added to these efforts, it can create conditions for 
rational energy consumption using the guidelines of sustainable development. Local 
thermal and electrical energy consumption in Serbia can be reduced considerably. This 
requires investments in the replacement of joinery and building insulation, which have 
become outdated, predominantly in public buildings in rural environments. Building 
rehabilitation through construction work has not yet been recognized as a priority measure 
for energy efficiency. Investing in the provision of larger quantities of energy-generating 
products will in turn ensure the necessary thermal characteristics of used spaces in old 
buildings. This paper analyzes high energy consumption in public buildings to emphasize 
the need for building adaptation and energy conservation. 

1.Introduction 

In the current stage of development, energy efficiency forms the basis 
for the development of any modern society. Sustainable energy 
development highlights the need to consider energy consumption [1.]  
and the possibility of living without overburdening nature and 
exhausting traditional energy resources. Rational energy 
consumption would cause a gradual decrease in the consumption of 
energy-generating products. The relevant legislation [2.]  is the 
foundation for the implementation of energy efficiency measures, 
which is why it is imperative to adhere to the adopted laws, strategies, 
regulations, and directives pertaining to the energy industry. The 
energy management system regulates the authority of the 
government and the ministers [3., 4., 5.] and defines the designated 
parties of the energy management system and their responsibilities, 
the goals of energy conservation and consumption limits, the 
responsibilities and conflict of interest of certified energy auditors, 
the responsibilities of energy managers, the procedure and 
methodology for creating reports on completed energy audits, as well 
as other elements concerning data confidentiality and energy 
manager licenses.The regulation of the energy management system 
also includes the definition of governmental and ministerial 
authority, as well as appointment and licensing of energy managers 
and energy auditors. Laws pertaining to the energy industry also 
regulate the organization of training for energy managers and 
auditors as well as their license revocation, which is why they should 
focus on all public buildings at the local level. Planning acts for energy 
efficiency of the designated parties of the system prescribe the 
procedure for writing the energy efficiency programs of local self-
government units. The purpose of the energy management system is 
to resolve the ongoing issues and to introduce energy conservation 
measures.Table 1 shows a detailed procedure of ensuring energy 

efficiency and appointing energy managers and auditors, whose 
primary task is to ensure the implementation of adopted measures. 
The energy policy goals, whether short- or long-term, are a part of the 
process of developing energy planning. 

 

Table 1. Energy management system  

Energy management system 
Responsibilities of the designated parties of the system and the 
government bodies 
Energy conservation goals 
Energy consumption limits  
Consumption limits for energy-generating products 
Submission of the annual report 
Development of energy efficiency planning acts  
Development of the energy efficiency program 
Training for energy managers 
Training for energy auditors 
Examination requirements for energy managers and energy 
auditors 
Energy manager and auditor examination  
Energy manager and auditor appointment 
Energy manager and auditor license 
Energy manager and auditor license revocation 
Regular energy auditing 
Creation of the energy audit report 

 

Energy planning is influenced by numerous factors. Definition of 
feasible energy efficiency measures, implementation of proposed and 
adopted measures, planning and provision of financial resources, and 
the meeting of deadlines underlie all the issues related to the reaching 
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of planned energy efficiency levels. The issues are current at the 
national level, because insufficient financial resources have been 
allocated for the rehabilitation of buildings and improvement of their 
thermal characteristics. Disregard of legislative guidelines at the local 
level has resulted in the use of buildings with no insulation and with 
joinery older than twenty years. 

Improvement of the levels of energy efficiency of municipalities can 
lead to progress in achieving sustainable energy development, but 
only if oversights regarding the consumption of energy and energy-
generating products have been realistically analyzed. The optimal 
way to increase the level of rational energy consumption locally is to 
develop energy efficiency programs and plans for local self-
government units. Improvement of energy efficiency and incentives 
to use locally available renewable sources can significantly contribute 
to the improvement of the state of the environment, so these aspects 
need to be considered when developing spatial plans. 

Practice has shown that the energy consumption by public buildings 
of the same category varies considerably in different municipalities, 
which is why it is crucial to determine significant deviations in order 
to list all the buildings that require a detailed analysis of the reasons 
for their excessive energy consumption and to determine priority 
measures for their energy efficiency. Resolving the issue of excessive 
consumption and using the available energy sources in accordance 
with spatial plans should help overcome the issues at the local level. 

 

2. Analysis of energy consumption 

2.1. Analysis of building characteristics 

Harmonization of energy, environmental, and economic principles 
through planning of energy efficiency measures is a highly complex 
task, which also needs to be tackled at the local level.  

When adopting the energy policy, the harmonization of the said 
interests, with the state’s intervention, is based on the enforcement of 
regulations, as the most important instrument. Analysis of energy 
consumption should also be performed for public buildings in villages, 
since these fall into the category of very low energy-efficient 
buildings. Typically, a city will operate around twenty public buildings 
in the surrounding villages, all in a very poor condition. Over 80% of 
the buildings lack proper insulation and have outdated joinery. These 
buildings are usually occupied by few people (Figure 1), which is why 
the necessary rehabilitation keeps being postponed. The surface area 
of the buildings is fairly small (Figure 1) or only specific rooms are 
utilized, which means that the heating area in these buildings is also 
small. 

 

Figure 1. Number of occupants [occupant]  

 

Figure 2. Heating area of the buildings [m²] 

The analysis was performed based on the data on the number of 
occupants and the heating area of buildings in villages surrounding 
the Serbian towns of Smederevo, Bor, and Negotin (Figures 1 and 2). 
The number of occupants is usually lower than 5, while the heating 
area is usually smaller than 100 m2, most often around 20 m2. 

Implementation of energy efficiency measures is not a simple task, 
even though there is legislation in place that aims to ensure 
continuous improvement of the current state of energy consumption. 
Legislative guidelines concerning the energy industry call for the 
proposal of better and more demanding solutions to accomplish the 
set goals. Serbia enacted the Law on Energy Efficiency and Rational 
Energy Use, so it is necessary to focus on energy conservation at the 
local level, as well. 

2.2. Analysis of electrical and thermal energy consumption 

This paper presents the results of the analysis of electrical and 
thermal energy consumption of public building in the three 
aforementioned Serbian towns. The following parameters are 
graphically shown in the figures below: specific electrical energy 
consumption (Figure 3), specific thermal energy consumption (Figure 
4), specific final energy consumption per surface area (Figure 5), and 
specific final energy consumption per occupant (Figure 6). 

 

Figure 3. Specific electrical energy consumption [kWh/m²] 0
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Figure 4. Specific thermal energy consumption [kWh/m²] 

 

Figure 5. Specific final energy consumption per surface area 
[kWh/m²] 

 

Figure 6. Specific final energy consumption per occupant 
[kWh/occupant] 

The figures above indicate that eight buildings have prominently high 
electricity consumption, while seven buildings have prominently 
high thermal energy consumption. If the energy consumption values 
are compared against the figures depicting the number of occupants 
and the heating area (Figures 1 and 2), it would be reasonable to expect 
that those buildings should not display increased energy 
consumption. However, a comparison against specific energy 
consumption per surface area (Figure 5) indeed validates the 
increased energy consumption of the specified buildings. Significant 
deviations are noticeable from Figure 6, which indicates higher final 
energy consumption per occupant in the public buildings in villages 
around the town of Bor. 

2.3. Analysis of total energy consumption 

Another important analyzed aspect is the total energy consumption 
in public buildings in villages. It should be noted that the majority of 
the analyzed buildings are utilized for a similar purpose, as they 
mainly accommodate village administrative offices and town 
administrative outposts, and that there is an approximately same 
number of buildings around the three towns for which the energy 
efficiency program was developed. Figures 7-10 show the values of 
total specific energy consumption. 

 

Figure 7. Total specific electrical energy consumption [kWh/m²] 

 

Figure 8. Total specific thermal energy consumption [kWh/m²] 

 

Figure 9. Total specific final energy consumption per surface area 
[kWh/m²] 
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Figure 10. Total specific final energy consumption per occupant 
[kWh/occupant] 

The data shown in the figures above indicate that the villages around 
Negotin have the highest electricity and heat consumption. 

The numbers for specific final energy consumption per surface area 
indicate higher consumption in villages around Negotin and 
Smederevo. However, the highest values for total specific energy 
consumption per occupant were registered in the villages of the Bor 
municipality. 

Overall, the values of total specific energy consumption are 
excessively high for this type of public buildings, which is why their 
rehabilitation is warranted. 

2.4. Analysis of average energy consumption 

Average consumption of electricity and heat in public buildings with 
a similar purpose suggests that energy efficiency measures are 
generally disregarded, as are the principles of energy conservation. 
This section presents the results of analyses of average specific 
energy consumption (Figures 11 and 12) and average specific final 
energy consumption (Figures 13 and 14). 

 

 

Figure 11. Average specific electrical energy consumption [kWh/m²] 

 

Figures 11 and 12 indicate that rural public buildings in the 
municipality of Negotin consume excessive amounts of energy, which 
also applies to the analysis of average final energy consumption per 
surface area.  

 

 

Figure 12. Average specific thermal energy consumption [kWh/m²] 

 

Figure 13. Average specific final energy consumption per surface 
area [kWh/m²] 

 

Figure 14. Average specific final energy consumption per occupant 
[kWh/occupant] 

Yet, with regard to average specific final energy consumption per 
occupant (Figure 14), it is markedly higher in the public buildings of 
the Bor municipality. 

 
The analysis of electricity consumption per occupant among different 
local self-governments showed that energy policy is not implemented 
uniformly across all jurisdictions, which resulted in different levels of 
energy efficiency among public buildings of the same category. 

 

 

 

0 50000 100000 150000 200000 250000

SMEDEREV
O

BOR

NEGOTIN

130936

211658

62912

0 20 40 60 80 100 120 140

SMEDEREVO

BOR

NEGOTIN

101

29

132

0 50 100 150

SMEDEREVO

BOR

NEGOTIN

117

146

130

0 50 100 150 200 250 300

SMEDEREVO

BOR

NEGOTIN

185

175

262

0 2000 4000 6000 8000 10000 12000 14000

SMEDEREVO

BOR

NEGOTIN

5456

13228

3495



Jelena Malenović-Nikolić et all.  
 

PACE 2021- Ataturk University, Engineering Faculty, Department of Civil Engineering, Erzurum, 25030, TURKEY  20-23 June 2021 
  5 

 
 

3. Conclusion 

Implementation of energy efficiency procedures [6.] and measures 
according to the prescribed energy goals can help resolve the issues 
causing a high degree of energy inefficiency. Enforcement of the Law 
on Energy Efficiency and Rational Energy Use will help lay the 
foundation for everyday living activities that involve a more rational 
use of energy-generating products. By adopting the new law, Serbia 
has signalled its readiness to abide by the guidelines and the 
European legislation as well as to provide financial resources to 
resolve the existing issues. 

Preparation of planning documents at the local level [7.] and in 
keeping with the law should be one of the priority tasks of energy 
managers and representatives of local self-government units. These 
documents are written to define the short- and long-term measures 
of energy efficiency, which is the basis for a more rational use of 
thermal and electrical energy and the attainment of designated levels 
of energy efficiency. 

With developed and adopted energy efficiency plans and programs, it 
is possible to improve the current situation and to adhere to the 
current legislation, while observing the prescribed energy efficiency 
measures. Management of energy resources by the local self-
governments, in compliance with the guidelines from spatial plans, is 
the basis for raising environmental quality by using renewable energy 
sources and for meeting the requirements imposed by energy 
industry rules and regulations at the local level. 

Finally, it is crucial to focus on the rehabilitation of public buildings 
when defining the priority measures of energy efficiency. The 
construction work involved in the rehabilitation, such as replacing 
outdated joinery and façade insulation, is an energy efficiency 
measure that can resolve the issue of excessive consumption of 
traditional energy at the local level. The proposed measures are also 
significant for energy conservation at the national level. 
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