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Abstract – Factors affecting both the Estonian and Serbian district heating improvement are 
analysed, including geographical and climate factors, as well as economic and legal factors.  
This analysis is added by evaluation of main technical and economic parameters related to 
the district heating networks from the case studies (Estonian Narva city and Serbian 
Kragujevac district heating). This analysis uncovered the weakest points of Kragujevac 
district heating and explain why district heating is not considered as sustainable and 
environmentally friendly heating option.   
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1. INTRODUCTION  

District heating (DH) can be considered the optimal/most preferable option only when heat 
production, transmission, and consumption is energy-efficient, competitive, and 
environmentally friendly [1]. 

Many studies have analysed the factors affecting DH. In [2], a method was proposed for 
describing the factors that affect energy systems. According to [2], there are several sets of 
technical and economic factors: energy sources, design considerations, environmental impact, 
performance analysis, and energy policy. It is also necessary to determine the necessary 
improvements to the system [1]. In [2], a different approach was proposed where key 
technical and economic factors were divided into three major groups: fuel-related factors, 
network factors, and energy production factors [3]. The factors related to fuel include fuel 
costs, environmental scenarios, existing fuel supply infrastructures, transportation and 
storage logistics, energy density, and fuel quality [2]. The factors associated with the DH 
network are heating load, energy efficiency of buildings and costs of DH pipeline 
installation/refurbishment. The factors that affect energy production are the selling price and 
subsidies. 

To determine the importance of a factor, an assessment matrix can be built. In [4], an 
assessment matrix of 31 parameters was created and used to assess future DH challenges in 
the case of Austria for various future scenarios. The indicators in this assessment were heat 
consumption density, full load hours, available heat sources and temperature. 
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In [5], a method was proposed for assessing the current state of DH and its development 
potential. This assessment is necessary to prevent stagnation in the DH sector. Technical 
factors include heating load, length of pipes, heating used in buildings, as well as degree days. 
Among the most important economic factors is the DH market share. According to [5], the 
most important factor is the heating load.  

Technical factors that affect the DH improvement potential are described in [6]. To evaluate 
the current technical condition of the DH network, the following parameters should be taken 
into account: the duration of the heating season, average monthly ambient temperature, as 
well as temperature graphs showing the dependence of the supply and return temperatures on 
the ambient temperature. When considering these parameters, one can estimate the overall 
heat transfer coefficient of a DH network. To assess the DH network’s improvement potential, 
an important factor to consider is friction loss, which depends on pipeline geometry, pipeline 
length, differential pressure necessary for boiler room operation, the amount of electricity 
used for pumping, heat loss due to pipe diameter and pipeline heating load. 

Energy policy is another important factor affecting the DH sector, in addition to technical 
and economic factors. Energy policy measures, such as the tariff system and support policies, 
also affect DH. The economic feasibility of various development scenarios was studied in [7], 
and it was determined that for DH prosumers to continue investing in future developments, 
the DH tariff cannot be reduced. An appropriate tariff system can encourage DH prosumers 
to increase the efficiency and use of renewable energy sources [8]. 

DH support measures can also act as burden measures, market control or financial 
support [9]. Carbon taxes on fossil fuels are a good example of a burden measure. Financial 
support can be provided through grants for investments in initiatives related to expansion, 
efficiency and environmental improvements.  

Legislation is also important in maintaining DH feasibility [10]. Legislation must consider 
the market situation to be able to promote DH in the country. In general, the market situation 
can be divided into 4 stages: consolidation, refurbishment, expansion and new development, 
as stated in [10]. 

DH is also affected by primary energy factors (PEF) due to Directive 2010/31/EU of the 
European Parliament and of the Council of 19 May 2010 on the energy performance of 
buildings [11], which states that the number of nearly zero-energy buildings must increase 
and to achieve this, PEFs are introduced to determine the energy consumption of the building. 
[12] examined PEFs for DH in different EU member states. In [13], a methodology was 
proposed for evaluating PEF for energy-efficient DH.  

2. FACTORS AFFECTING DISTRICT HEATING DEVELOPMENT 

As can be seen from the previous review, many factors affect the implementation and 
further development of district heating. DH implementation is usually associated with factors 
such as climate conditions and building density.  

Climate conditions influence the district heating sector, which is confirmed by the fact that 
the most developed DH networks are in countries with colder climates [10], for example, in 
Sweden [14], Finland [15], Estonia [16], and Latvia [17]. On the other hand, there are 
countries with cold climates, such as Norway, the UK and the Netherlands, where the share 
of DH is not very high, which can be explained by the influence of other factors [11]. 

Another factor is the building sector. In the case when the building density is high and the 
proportion of multi-family apartment buildings is also high, this leads to a greater heat load, 
which is significant for district heating feasibility and sustainability.  
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DH should be a competitive heating option. If other heating options are more available and 
affordable, this can lead to a low share of DH. For example, in Norway, where electricity is 
cheap and widely available, the share of DH is about 12 % [18].  However, low-temperature 
DH can also be implemented in Norway. Possible development and transition towards low-
temperature DH in Norway using various technical solutions, including large heat pumps, is 
discussed in [17]. 

Political factors, such as support measures and legislation changes have been analysed in 
various studies. However, in addition to these factors, there are other important external 
political processes/changes that have a big impact on improving DH.  

For example, the high share of DH in the countries of the former Eastern Bloc is due to the 
fact that during the 1960s and 1970s cities were transformed via mass housing development 
projects, which included the development of DH networks. The urban infrastructure appeared 
as a result of rapid industrial expansion, urbanisation, and modernisation, supported by the 
socialist self-management system [19].  

Other political processes, such as the independence of the Baltic countries, have led to a 
complete restructuring of the infrastructure, including DH. The decline of socialism has led 
to the transformation of property ownership, both for residential buildings, heat production 
units, and DH networks. Other changes, such as closing of industry and industrial enterprises 
that were either heat providers or consumers have had an impact on district heating. For 
example, the Krenholm Manufacturing Company (Narva, Estonia), one of the main 
consumers of steam produced by the Balti Power Plant in the second half of 2000, installed 
its own gas boiler. 

Another problem faced during this period was an opportunity for buildings to disconnect 
from the DH network, thus reducing the district’s heating load. In 2000, the two largest 
apartment buildings in Narva (700 apartments) refused DH installing gas boiler instead, and 
only in 2012 they returned to DH.  

The same political processes influenced the availability of fuel used for DH. Fuel that used 
to be cheap and widely available before these political events was no longer as affordable. 
Higher prices for imported fuels caused a switch to local fuels, such as shale oil and wood in 
the case of Estonia.  

In the case of Serbia, the key political events that affected the energy sector include the 
Yugoslav Wars and the breakup of Yugoslavia. For example, in Kragujevac during the war, 
a power plant that provided the city with heat was bombed and sustained serious damage. 
Industry closure occurred, and in some cities, such as in Kragujevac, heat production must be 
completely changed. For example, after 2000, most of the Zastava factory complex was 
closed, and the share of industrial energy needs fell below 10 % of the total Energetika 
(Kragujevac energy company) energy production. Since then, DH has become the goal of the 
Energetika Company. During this transition period, the network and heat production were in 
poor condition.  

20 years ago, the situation with DH was almost the same in both Serbia and Estonia. But if 
we look at the DH sector now, we can tell that DH in Estonia is rapidly developing and 
numerous efforts are being made to transition towards the 4th generation DH. The DH sector 
in Serbia is also developing, but not as fast, and there are various specific barriers, both past 
and present, that do not allow DH to improve. These factors will be analysed in this paper. 
Two DHNs were selected for a more detailed analysis. Serbia’s Kragujevac DHN will be 
compared with Estonia’s Narva DHN. The annual heat consumption in Kragujevac is 
proportional to the heat consumption in Narva.   
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Existing problems, as well as measures aimed at improving DH, will be analysed and DH 
improvement scenarios will be developed based on this analysis.  

3. EVALUATION METHODOLOGY 

The comparative methodology will include two sections. The first section will be related to 
the factors that affect both the Estonian and Serbian district heating sectors. Based on the 
literature review, the following key factors will be analysed and compared for Estonia and 
Serbia: geographical and climate factors, as well as economic and legal factors.  

Geographical and climate conditions: as mentioned above, this group of factors has an 
impact on DH implementation and improvement. Geographical conditions associated with 
DH include the average outdoor temperature and the length of the heating season.  

Another aspect related to geographical conditions is resource availability. The following 
resources need to be analysed: fossil fuel availability and renewable energy availability. In 
addition, all available heating options, such as electric heating, should also be analysed.   

Economic and legal factors will be reflected in an analysis of the available government 
support instruments, such as supporting regulations, taxes, special loan conditions, etc. In 
addition, economic and legal factors will also be covered in an analysis of fuel prices, 
operating costs and the tariff system.  

External social and political processes and their impact on DH will also be evaluated.  
The second section of the analysis will include a set of the main technical and economic 

parameters related to the DH networks from the case studies.  
The analysis of technical parameters will include the following steps: a brief description of 

the network and its improvement over the past 20 years, as well as the calculation of such 
parameters as the number of consumers, the amount of fuel used, CO2 emissions, the share of 
DH in the city, etc.  

Each city has a different way of calculating tariffs, therefore, for comparison, the 
recalculated tariffs (EUR/MWh) will be taken from the analysis conducted in [19]. The tariffs 
will be compared with other heating options in the region.  

This analysis will uncover the weakest points and explain why DH is not considered a 
sustainable and environmentally friendly heating option. Based on this analysis, 
recommendations will be made for Kragujevac DH.  

It should be added that the comparison of the two DH networks was limited by the 
availability of data from the Kragujevac DH systems. This can be explained by the fact that 
not all data was collected or provided by the operator. In addition, there is remote metering 
data available for Narva, but none is available for Kragujevac, so this type of data could not 
be used in the analysis.  

4. DISTRICT HEATING IN ESTONIA AND SERBIA 

4.1. Climate factors 

When comparing district heating in Estonia and in Serbia, it should be noted that the climate 
in Serbia is warmer than in Estonia.  

For example, changes in outdoor temperature for Narva (Estonia) and Kragujevac (Serbia) 
are shown in Fig. 1., 1and as it can be seen, daily average outdoor temperature in Kragujevac 
is higher during all the year comparing to outdoor temperature in Narva. 
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Fig. 1. Average daily outdoor temperatures for Narva and Kragujevac. 

4.2. Availability of local resources 

The energy resources used for DH can be seen in Fig. 2 (a) and (b) for both countries 
starting in 2010.  

 
Fig. 2. Fuel consumption for DH in Serbia (a) and Estonia (b). 

In Serbia, the share of natural gas is increasing every year. Coal is also used for heating, 
but the amount of wood consumed is very small. 20 years ago, boiler plants mainly used coal 
and fuel oil to produce thermal energy. Today, the share of such boiler plants has decreased 
significantly, because more and more boilers are switching to natural gas, which is also 
mandatory for new boiler plants.  

As can be seen in Estonia, the use of oil and natural gas has been on the decline since 2010. 
The use of wood for heating has increased, which can be explained by strong government 
support. Additionally, it should be explained why the use of shale oil and shale oil gas has 

°C Daily average outdoor temperature variation through the year °C 

30.0 

25.0 

20.0 

15.0 

10.0 

5.0 

0.0 

–5.0 

–10.0 

–15.0 

–20.0 
 
 



Environmental and Climate Technologies 

 ____________________________________________________________________________ 2020 / 24 

 
526 

 

increased. This is due to increasing production of shale oil, where shale oil gas is considered 
a by-product and is used for DH.  

20 years ago, the share of heavy oil-based boilers was rather high in Estonia. But it has 
been decreasing every year due to the high price of heavy oil and environmental regulations. 
This amount reflects available capacities, but oil-based boilers are mainly used as backup 
boilers.  

Coal is the local fuel in Serbia, and oil shale is the local fuel in Estonia. These fuels are 
fossil fuels, but their price can compete with imported fuels, so these fuels (or products made 
from these fuels) are used for DH.  

Biomass availability is higher in Estonia. In [21], the available mass of these types of 
biofuels is estimated for various EU countries. As a result, it was determined that in Estonia 
the available agricultural residue is about 1.1 million tons per year, forestry residue is about 
0.99 million tons per year, and available biological waste is about 0.11 million tons per year. 
[22] also assessed the potential of woody biomass from forests, including stemwood, logging 
residues, and stumps, in EU countries. According to [22], Estonia is among the regions with 
the highest biomass availability, where the available biomass per hectare is between 0.51 – 
0.75 tons per year. The share of forests in the total land area in Estonia is 51.4 %, of which 
74 % are profitable forests and 26 % are nature reserves, according to Estonian Statistics [23]. 
As for biomass availability in Serbia, the total Serbian biomass energy potential can be 
estimated at 2.5 to 3 Mt, of which 40 % is wood biomass and 60 % is agricultural biomass. 

  Another renewable energy source is geothermal energy. Current studies show that in 
Estonia there is no potential for using geothermal energy for DH. In Serbia, the total Serbian 
energy potential of geothermal energy can be estimated at 320 MW. These are mainly low-
temperature sources (20–100 °C), suitable for use as heating energy or for heat pump use. 

Solar energy in Estonia is mainly used for electricity production. According to [24], in 
2018, 13 GWh of solar electricity was produced, which is 0.8 % of the total RES electricity 
and 0.13 % of the total electricity production. Solar energy is not used as thermal energy in 
the DH sector in Estonia. And in Serbia, the total potential of solar thermal energy can be 
estimated at 10 million m2 of installed solar collectors and 7000 GWh thermal energy per 
year [25]. Due to the lack of significant government subsidies and low electricity prices, the 
assessment of the potential of solar energy in Serbia is only theoretical. As for solar heat, this 
assessment is mainly for individual heating and only a small fraction of the heat load can be 
covered by central solar heating.  

It should also be noted that in terms of local resources, cheap electricity is available for 
heating in Serbia.  The low price of electricity is determined by factors, such as available coal 
resources that are used for electricity generation, as well as hydro sources.   

4.3. Prices of energy resources 

Energy prices are very important for analysing the competitiveness of DH. On the one hand, 
fuel prices affect heating tariffs; on the other hand, a low price of natural gas, for example, 
can lead to a switch from DH to gas heating. Cheap electricity will cause consumers to choose 
electric heating over DH.   

The price of heating for consumers is lower than the cost of electricity in Estonia. As 
mentioned earlier, the price of electricity in Serbia is very low, which can be explained by 
the availability of coal and hydropower resources. Other factors include the lack of SO2 and 
NOx control and CO2 penalties.  

Often, Estonia is portrayed as a great example of a centrally controlled district heating 
market subject to a consistent set of regulations, where the roles and obligations of different 
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parties are clear and reasonable. The history of the regulation and its fundamental 
characteristics can be found below [26]. 

Until 1998, municipalities carried out mild price regulation. In 1998, the Energy Act 
introduced ex-ante pricing for DH grids and heat-only boilers that is set on a case-by-case 
basis by the new national regulatory authority (the Energy Market Inspectorate at the time) 
as the maximum price for end users (DH price cap). The price of heat for end users is 
determined by the national regulatory authority in order to cover the costs of the DH company 
and receive a reasonable return (regulatory WACC), which is calculated today according to 
the methodology publicly available on the Estonian Competition Authority (ECA) website.  

Estonian DH market is regulated by the District Heating Act (DHA) and the Competition 
Act; the maximum prices charged in network regions have to be approved by the Competition 
Authority. The DHA regulates the activities related to the production, distribution and sale of 
heat through DH networks and connection to said networks. The DHA entered into force in 
February 2003 and has been amended a number of times since.  This requires heating companies 
to maintain separate accounts for the production, distribution and sale of heat, and other 
activities, as well as for the costs incurred in combined heat and power (CHP) plants. The 
DHA also stipulates that the price of heat produced in CHP processes is subject to approval 
by the Competition Authority. The task of the Competition Authority is to coordinate prices 
of DH in such a way as to avoid cross-subsidisation of electricity in the allocation of costs. 
Based on the DHA, heating companies can apply to the Competition Authority for approval 
of a price formula for a period of up to three years. This price formula is used if factors that 
are beyond its control and which affect the price of heat become evident [27]. 

The DHA, which was in force until 2010, did not foster competition or regulate market 
access for new producers. Since heat production and distribution networks are often owned 
by the same companies enjoying monopoly power, new heat producers have no alternative 
but to sell heat to the existing heating network. 

At the beginning of 2020, the weighted average value of the maximum DH prices is 
60 EUR/MWh; the lowest price is 35 EUR/MWh (excluding 20 % VAT), and the highest 
price is 86 EUR/MWh. As a rule, the actual selling price is very close to the defined maximum 
price. The procedure or methodology for coordinating the maximum price was developed by 
the Competition Authority, and since November 2010, all DH providers must request 
coordination of their maximum prices from the Competition Authority. 

TABLE 1. DISTRICT HEATING PRICES IN KRAGUJEVAC [29] 

Pausal payment 

Consumer  
category 

Fixed,  
€/m2 

Variable, 
€/m2 

Total, 
€/m2 

Housing 0.23 0.49 0.71 
Social activities 0.34 0.73 1.07 
Other users 0.68 1.47 2.14 

Payment by consumption 

Consumer  
category 

Fixed, 
€/m2 

Variable,  
€/MWh 

Housing 0.23 41.89 
Social activities 0.34 62.84 
Other users 0.68 62.84 
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The price of heat delivered to the DH system in the Republic of Serbia is regulated by local 
authorities in accordance with the established methodology [27], therefore it differs from city 
to city. The prices of DH for the city of Kragujevac are shown in Table 1.  

4.4. Emissions  

In accordance with the Kyoto Protocol, Estonia started selling Assigned Amount Units 
(AAUs) in 2009 as part of the Green Investment Scheme (GIS) and has earmarked the 
proceeds for projects that facilitate emission reduction. Examples include wind farms, CHP 
plants, improving DH networks, retrofitting boiler houses, improving energy efficiency in 
buildings and industries, as well as introducing more efficient buses, trams and electric 
vehicles. Under EU law, Estonia is obliged to limit the growth of GHG emissions from outside 
the EU-ETS sector to 11 % between 2005 and 2020 [3]. 

A CO2 pollution charge applies to heat producers in the DH system. Since 2009, the rate 
has been 2 EUR per ton. Electricity producers also used to be subject to a pollution charge, 
but since January 2008 they are subject to an excise tax. The latest tax has been 
4.47 EUR/MWh since March 1, 2013.  

Serbia committed to and signed the Paris Agreement on Climate Change in April 2016 and 
ratified it in July 2017, pledging to cut 9.8 % of CO2 emissions by 2030. This is a rather 
ambitious task.  According to earlier forecasts, electricity producers will be faced with an 
obligation to pay for CO2 in Serbia between 2020–2025, when the country is expected to join 
the EU [29]. Emission allowances are not implemented in Serbia. The reason is that such a 
measure could lead to an increase in the price of other energy sources, including electricity, 
the price of which in Serbia is one of the lowest in Europe. However, to further European 
integration, Serbia is obliged to introduce this measure at some point. The first step has 
already been taken at the end of 2019 when a tender was announced to prepare a study on the 
introduction of the CO2 tax. The tender was held by the Energy Community with the ultimate 
goal of preserving the environment. 

4.5. Financial support 

The Environmental Investments Centre (EIC) was founded in Estonia in 2000, and it has 
been one of the main sponsors of environmental projects in Estonia over the past 20 years. In 
2009, the EIC (KIK in Estonian) awarded grants to local governments, non-profit 
associations, businesses and foundations as part of the ‘Broader use of RES for energy 
generation’ programme that used funding from the European Regional Development Fund 
(ERDF). The state provides support to the heating sector mainly through environmental 
protection and regional development goals. From 2005 to 2009, the heating sector received 
EUR 13.9 million from the ERDF and Estonian environmental taxes, as well as EUR 0.9 
million from the state budget and through the support scheme for investments in energy-
saving solutions during the same period. 

The 2009 application round had a total funding volume of approximately EUR 9.6 million 
and 17 projects received grants for the reconstruction of boiler houses, DH networks and 
construction of CHP plants in accordance with the support mechanism for the generation of 
electricity in cogeneration and from renewable sources.  

The EIC manages a national programme called ‘Extended use of renewable energy sources 
(RES) for energy generation and reconstruction of DH networks’, which is funded by CO2 
quota sales. It supports three types of activities: construction of CHP plants that use RES; 
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reconstruction of boiler houses; reconstruction of DH networks to reduce thermal 
transmission losses. 

In 2014–2020, the grant is allocated from the measure ‘Effective Production and 
Transmission of Thermal Energy’ for structural aid. The total budget of the application round 
is EUR 18 million. Of these, EUR 12 million are planned for boiler renovations. EUR 6 
million has been allocated for the repair of heating pipelines, the construction of new 
connections and a new DH system. The grant is funded by the European Union Cohesion 
Fund. 

In Serbia, financial support for DH is sporadic. Starting from 2001 investments for 
infrastructure have been provided by the European Bank for Reconstruction and 
Development. One of the biggest projects was supported by KfW Development Bank [30]. 
As a result of this support, 42 km of pipes were restored in 18 cities, 7 new boilers were 
installed, 2 boilers were renovated, 1 CHP was installed, pump stations were renovated, 1000 
remote meters and 500 substations were installed. It is evident that this support is not regular 
and there is no continuing support from the government, and the improvement of DH is still 
very slow.  

4.6. Additional support 

In 2004, the District Heating Act entered into force in Estonia, allowing municipalities to 
create DH zones where DH is the only option for heat supply, with the exception of non-fuel 
(i.e., heat pumps) or renewable energy sources. However, this Act does not provide a 
methodology or criteria for creating a DH zone, leaving it up to municipalities. In 2010, the 
DH Act was amended to establish the ECA as the DH regulator, as well as third-party access 
rules. These rules consist mainly of the obligation of DH operators to organise a tender for 
new generation capacity, where tender documentation must be approved by the ECA. 

Based on this analysis, factors affecting DH at the national level are presented in Table 2.  
Additionally, a comparison of the Kragujevac and Narva DH systems is presented in 

Table 3.  
Previously, the Kragujevac DH system had significant losses of water in the pipes due to 

water treatment capacities and, consequently, oxidation inside the pipes and its degradation. 
With the help of the EU loans, new pre-insulated pipes were partially implemented (to some 
per cent), and new combined (gas and oil) hot water boilers were installed instead of 
inefficient coal boilers.  

25 years ago, the entire city of Narva was centrally supplied with heat through the Balti 
Power Plant, and domestic hot water (DHW) was supplied through a mixing valve system. 
Almost all heating units used a mixing valve system, and the DHW system was open. In 
1996–1997, the city implemented a programme to replace mixing valve heating units in 
houses. 270 automated heating units were installed, and the domestic hot water system was 
rerouted into an independent circuit. Over the past 20 years, quite a few new DH consumers 
have been added to the system.  
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TABLE 2. ANALYSIS OF FACTORS AFFECTING DH SYSTEMS 

Factor Estonia Serbia Impact on DH development. 

Climate factors Cold climate Warmer climate  In warmer climates, annual heat 
consumption and peak heat load are lower.  
DH improvement does not always have high 
feasibility. In warmer climates, heat loss is 
lower, while distribution efficiency is 
higher.  

Local fossil fuels Oil shale, Shale oil Coal When local fossil fuels are available and at 
lower prices, it is more difficult to 
implement renewable energy sources for 
heat production. 

Renewable energy 
availability 

Biomass availability 
is high. Wood chips 
are available in 
sufficient quantities.  

Biomass 
availability is 
lower, but still 
available, as well 
as geothermal 
energy. 

Biomass availability allows to produce heat 
from renewable energy sources 

Legislative and 
regulatory 
instruments 

Electricity market 
act: feed-in premium 
tariffs for biomass 
CHP 

National plans to 
increase the share 
of renewable 
energy  

Specific support mechanisms introduced in 
2007 over the course of several years led to 
an increase in renewable electricity in 
Estonia from 2 % to 15 % due to the 
installation of a new biomass CHP. Only 
clear and consistent support mechanisms 
with a long-term perspective have an impact 
on DH.  

Emission regulations CO2 emission taxes Only planned, no 
restrictions 

There are no financial benefits in Serbia to 
replace fossil fuels with renewable energy. 
The renovation is mainly focused on 
replacing coal boilers with gas boilers.  

District heating 
regulations 

District heating act: 
DH regions 

No specific DH 
regulations 

Estonian DH operators have guarantees that 
there will be heat consumers in the future.  

Tariff system Tariff stimulates 
system improvement 

Every authority 
has its own tariff 
system.  

DH tariffs are competitive with other 
heating options 

Prices compared to 
other fuels, 
electricity, etc. 

Competitive or lower Higher than other 
options  

In Serbia, consumers often prefer other 
heating options.  

Unfortunately, it was not possible to obtain the necessary data from the DH company 
because this data was not collected or not provided. Even heat losses could not be compared.  
That is why it is rather difficult to compare the two systems. Smaller number of substations 
in Narva can be explained by colder climate and higher heat consumption per each substation. 
Another factor is that 9-floor large multifamily buildings are the main DH consumers in Narva 
city, and in Kragujevac smaller 3–5 floor buildings are more typical, as DH consumers. Larger 
number of employees in Kragujevac can be explained by the fact, that the DH company 
employs production, distribution and repair workers, but in Narva DH company employs only 
production and distribution workers.  
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TABLE 3. COMPARING OF KRAGUJEVAC AND NARVA DH SYSTEMS 

Parameter Kragujevac Narva 

Total nominal installed capacity 432.65 MW 160 MW (Power plant) + 
240 MW (gas boiler house) = 
400 MW 

Heat generation units coal boilers  
heavy oil/gas boilers  

oil-shale/biomass power plant 
natural gas boilers 

Heat production (2017) 385 000 MWh 389 000 MWh 

Fuel 63 % coal,  
24 % heavy oil 
13 % natural gas 

  49 % Oil shale, 1 % Shale oil, 
  25 % biomass 
  25 % natural gas 

CO2 per MWh produced 0.39 tCO2/MWh 0.26 tCO2/MWh 

Share of remote metering 0 % 99 % 

Number of separate DH districts 3 1 

Tariff (for a 50 m2 apartment) per MWh 28.4 Euro/MWh for fix and 59.5 
Euro/MWh for variable tariff 

35.33 Euro/MWh 

Tariff compared to electric heating  
DH tariff/Electricity tariff 

28.4/70 = 0.41 and 
59.5/70 = 0.85 

0.36 

Number of employees 300 50 

Total number of substations 2095 724 

Total length of heating pipes 81 km 77 km  

Key issues Water leakage  
Low efficiency 
Destimulating tariff system 

High share of fossil fuel  
High CO2 emission taxes 
Some consumers refuse DH 
High return temperature 

As for tariffs, Kragujevac DH tariffs comparing with Narva DH tariffs are lower in 
Kragujevac when fixed tariff is applied and higher, when variable tariff is applied. It should 
be noted that Narva DH tariffs are the lowest in Estonia. If we compare the DH tariffs with 
local electricity prices, relation between heat and electricity prices is lower in Narva and this 
way of heat supply is more preferable, then electricity.  This can be explained by the fact that 
Estonia’s policy and support mechanisms are working well, which leads to system 
improvement.  

5. DISCUSSION AND CONCLUSIONS 

There are variable factors that affect DH improvement. During the implementation of DH, 
the determining factors are climate and types of buildings, but economic factors are more 
significant for DH improvement regulation. To assess the importance of these factors, factors 
affecting DH in Estonia and Serbia were compared. In addition, DH systems of Estonian 
Narva and Serbian Kragujevac were compared. The DH system in Narva has better operation 
efficiency parameters and environmental aspects, considering that Narva DH system is only 
supplied by an oil shale power plant.  

Based on these analyses, the following recommendations can be made to improve DH 
systems in Serbia, including Kragujevac:    
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− CO2 taxes will increase the use of renewable energy for heat production;   
− Changes in the DH tariff system in Serbia can motivate both consumers and companies 

to increase energy efficiency;  
− Obliging the DH operators to increase energy efficiency greatly affects system 

improvement; 
− With the improvement of DH systems, the concept of DH regions can be implemented 

to give DH operators guarantees of base heat loads.  
Strong and consistent government support, both through regulations and financial aid will 

lead to increased energy generation, distribution, and consumption efficiency in DH systems. 
In addition, the possibility of a wider use of geothermal energy for DH should be investigated. 
If these conditions are met, DH can significantly contribute to increasing the share of 
renewable energy and CO2 emission reduction in the Serbian energy sector.   
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