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GENERAL INFORMATION 

Rapid assessment of District Heating System in Belgrade is prepared under the GEF project “Increasing 

Investments in District Energy Systems in Cities – a SE4All Energy Efficiency Accelerator”. 

The document is prepared by UN Environment in cooperation with Copenhagen Centre for Energy Efficiency.  

This document does not in any way reflect the official opinion of UN Environment on any matter described in 

the document.  
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1. INTRODUCTION 

The District Energy Systems Initiative (“the Initiative”) is a multi-stakeholder partnership coordinated by UN 

Environment that assists developing countries and cities to accelerate their transition to lower-carbon and 

climate resilient societies through promoting modern district energy. District energy is a proven energy 

solution that has been deployed for many years in a growing number of cities worldwide. The ability of district 

energy systems to combine energy efficiency improvements with renewable energy integration has brought 

new relevance to these technologies. The Initiative is an accelerator of the Sustainable Energy for All Energy 

Efficiency Accelerator Platform and aims to double the rate of energy efficiency improvements for heating and 

cooling in buildings by 2030 and quantify the corresponding decrease in greenhouse gas emissions. The 

Initiative has a network of partners (“the Partners”) including manufacturers, operators, academia, NGOs, 

international organizations and finance institutions that have committed to provide international expertise to 

the Initiative’s work in pilot countries. Furthermore, the Initiative is one of the initiating organizations of the 

Global Alliance for Buildings and Construction and had a strong presence on the Lima Paris Action Agenda 

(LPAA) of both Buildings Day and Energy Day at COP21 in Paris. The global programme of the Initiative is 

financed by the Government of Denmark and the Global Environment Facility (GEF). 

As district energy is a local technology application, new tools, methodologies and best practice must be 

demonstrated at the city level within countries and then scaled-up nationally and regionally. As such, the 

Initiative will provide ‘deep-dive’ support to pilot cities in different countries using the ten district energy action 

modules defined in the UN Environment publication ‘District Energy in Cities: Unlocking the Potential of Energy 

Efficiency and Renewables’. The objective of this ‘deep-dive’ support is to demonstrate the costs and benefits 

of applying a modern district energy approach in each city and to ground-truth and adapt policy best practice 

to the country/regional context.  

Serbia has been selected by the Initiative’s Secretariat as one of the four pilot countries of the global GEF 

project “Increasing Investments in District Energy Systems in Cities – a SE4All Energy Efficiency Accelerator”. 

A National Project Steering Committee (NPSC) including representatives of ministries, the City of Belgrade 

(“the City”), professional associations, associations of local self-governments and the UN Environment is in 

the process of establishment. Local coordination multi-stakeholder group consisting of the representatives of 

the stakeholders entrusted to provide technical inputs has been nominated. The multi-stakeholder group aims 

to support and scrutinize the long-term development of district energy in Belgrade, ensuring multi-sector 

integration to deliver improved environmental standards, cost-effective district energy expansion and 

modernization and the accounting of diverse viewpoints in strategy and plan development. It also has an 

advisory role and will accompany and provide strategic and knowledge support to the City and the district 

energy utility company (“the Company”). 

In 2016, a detailed Development Strategy of the Company (“the DH Strategy") was developed for the period 

2015-2025 and has now been approved by the City. The analysis undertaken through the activities below will, 

in part, build upon the data and analysis contained within this DH Strategy as well as provide an Action Plan to 

address the priorities of the Strategy.  

The Initiative will also support the collection of good practices from the City of Belgrade to be replicated 

throughout Serbia and the region and will collect feedback from the activities in Belgrade and prepare for 

feeding into the national policy making processes of relevance for the expansion of modern and energy 
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efficient DH in Serbia. The main objective of the overall activities in Serbia is to provide analysis, training and 

support to the City and the Company to rehabilitate, modernise and expand district energy in Belgrade.  

The overall activities to be implemented by the Initiative in Belgrade include the following: 

 Support the establishment of a multi-stakeholder coordination group in Belgrade to provide input to 

assessments, policy design and strategy and to receive training; 

 Develop a Rapid Assessment (RA)of district energy in the City that will identify high-level options for 

rehabilitation, expansion and fuel switching which will then be prioritized in the deep-assessment and 

developed into a DES city-wide plan of policies and investments that is aligned with the city’s strategy 

and priorities; 

 In partnership with the Company, develop a detailed plan for the updated thermographic imaging of 

the City’s existing DH network and identify priority network renovations to inform the priority 

investment plan of the deep assessment;  

 Undertake a Deep Assessment of district energy in the City, including: a techno-economic assessment 

of the existing network; evaluation of the benefits and potential for modernization, rehabilitation and 

expansion; analysis of policy, regulatory, financial and institutional barriers; development of a priority 

investment plan including network rehabilitation; identification and pre-feasibility analysis of two high 

priority projects; 

 Support the City to prepare a Procurement Plan for the demonstration project dependent on the 

chosen business model for the project;  

 Building upon the existing DH Strategy and findings of the Deep Assessment, develop, in partnership 

with the City and the Company, a 10 to 20-year District Energy Action Plan of actions, policies and 

investments to deliver Belgrade’s full potential for modern and energy efficient district energy. Work 

with the City and the Company through tailored policy dialogues to ensure the adoption of the District 

Energy Action Plan and its integration into City planning processes; 

 Provide technical support to tailor a Monitoring, Reporting and Verification (MRV) framework designed 

by the Initiative to Belgrade and provide input to a training workshop to deliver its implementation; 

 Prepare synthesis reports with targeted policy and regulatory recommendations for the City, provincial 

and national officials that will address barriers documented in the Deep Assessment while also 

referencing similar barriers in other countries in the region;  

 Develop ‘train the trainer’ modules which will build capacity in the relevant institutions in Serbia on 

specific training topics. Train relevant institution(s) on the modules so that these institution(s) could 

then deliver training independently. 

In Belgrade, the RA will serve the purpose of identifying most relevant projects in the City that will provide 

opportunities for market transformation. The RA will provide the analyses of the following: 

 Estimations for current and projected impact of heating demand locally; 

 Identify potential modern district energy demonstration projects in the city and complete simple cost-
benefit analysis, including range of consumer groups;  

 Non-quantitative analysis of long-term district heating growth potential; 

 Simple analysis of long-term benefits of district energy to the city; 

 Potential to connect as part of the demonstration project a renewable source (e.g. biomass, 
geothermal) or waste heat source; 

 Whether city has the coordination and willingness to develop a demonstration project, in particular, 
the commitment to change local policy; 

 Barrier analysis (including: financial, political, capacity, regulatory, planning, etc.); and 
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 Interest for private sector participation in district heating development in the city. 
 

While undertaking data collection for the RA, whenever it is possible and/or relevant, the Initiative will aim to 

include sex-disaggregated data to understand the different impacts of relevant policy changes on men and 

women. 
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2. ASSESSMENT OF THE CURRENT STATUS OF DISTRICT HEATING IN 

BELGRADE 

In 2013 the emissions from the energy sector in Serbia amounted to 79.4% of total national GHG 

emissions. The gross final energy consumption is expected to increase by 12.9% by 2020 compared to 

2009, if no energy efficiency measures are applied. The majority of this consumption is connected to 

the heating and cooling sector and is projected to increase to 45.5% in 2020. As such, improving energy 

efficiency and decarbonizing the heating and cooling sector is a national priority for Serbia. The current 

energy policy of Serbia focuses on increase of use of renewable energy sources through development 

and expansion of district heating (DH) systems based on renewables and combined heat and power. 

Specific measures include small biomass boilers; increase in renewables such as biomass, geothermal 

and solar, etc.  

Belgrade’s DH system is the largest in Serbia and one of the largest in Europe with a total length of 

1,420 km and a capacity of over 2,800 MW, almost half the total DH capacity in the country. District 

Heating Company (“the Company”) manages the DH system which supplies heat to approximately 50% 

of households in Belgrade, businesses and public buildings. The system’s priority is to switch heat 

sources from almost exclusively imported natural gas (€130 million/year) to a more diverse mix of 

fuels, including renewables and waste heat. The City of Belgrade (“the City”) is co-developing an Action 

Plan with the Initiative to ensure modernization, interconnection and expansion of DH to receive new 

low-carbon heat sources, improve efficiency and lower prices. Demonstration projects for low-carbon 

DH sources attracting investment are a priority.  

DH in 59 cities in Serbia has an aggregated heat production capacity of 6,700 MW. However, there is 

very low penetration of renewables and waste heat. Cities need support and funding to identify, plan, 

assess feasibility, procure and attract 3rd-party financing for such projects in order to meet national 

energy policy ambitions on renewable DH. Demonstration projects in Belgrade could help accelerate 

the market for such technologies in Serbia. 

So far, several assessments were made on the opportunities of solar, geothermal and waste heat. 

Serbia has average energy value of global solar radiation of 1,200 kWh/m2/year. The territory of 

Belgrade has significant underground water archives with its temperature reaching up to 25°C. The 

initiative to connect waste heat from the thermal power plant (TPP) “Nikola Tesla” to the DH system in 

Belgrade has started in 1980s. However, due to lack of investments no feasibility study has been 

undertaken up to date. 

2.1 CITY OVERVIEW 

2.1.1 LOCATION AND NATURAL ENVIRONMENT 

Belgrade lies 116.75 m above sea level and is located at the confluence of the Danube and Sava rivers. 

The historical core of Belgrade, Kalemegdan, lies on the right banks of both rivers. Since the 19th 

century, the city has been expanding to the south and east; after World War II, New Belgrade was built 

on the left bank of the Sava River, connecting Belgrade with Zemun. Smaller, chiefly residential 

communities across the Danube, like Krnjaca, Kotez and Borca, also merged with the city, while 

Pancevo, a heavily industrialized satellite city, remains a separate town. The city has an urban area of 

360 square km, while together with its metropolitan area it covers 3,223 km2. On the right bank of the 

Sava, central Belgrade has a hilly terrain, while the highest point of Belgrade proper is Torlak hill at 
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303 m. The mountains of Avala (511 m) and Kosmaj (628 m) lie south of the city. Across the Sava and 

Danube, the land is mostly flat, consisting of alluvial plains and loessial plateaus. 

Landslides encompass smaller areas, develop on the steep cliffs, sometimes being inclined up to 90%. 

However, the majority of the land movement in Belgrade, some 90%, is triggered by the construction 

works and faulty water supply system (burst pipes, etc.). The neighborhood of Mirijevo is considered to 

be the most successful project of fixing the problem. During the construction of the neighborhood from 

the 1970s, the terrain was systematically improved, and the movement of the land is today completely 

halted.  

Climate 

Belgrade has a humid subtropical climate with four seasons and uniformly spread precipitation. 

Monthly averages range from 1.4°C in January to 23.0°C in July, with an annual mean of 12.5°C. There 

are, on average, 31 days a year when the temperature is above 30°C and 95 days when the temperature 

is above 25°C. Belgrade receives about 691 mm of precipitation a year, with late spring being wettest. 

The average annual number of sunny hours is 2,112.  

The highest officially recorded temperature in Belgrade was 43.6°C on 24 July 2007, while on the other 

end, the lowest temperature was −26.2°C on 10 January 1893. 

 

Figure 1. Climate data for Belgrade (1981-2010) 

2.1.2. SOCIO-ECONOMIC STATUS 

Belgrade is the capital of Serbia and has a special administrative status and it is one of five statistical 

regions of Serbia. Its metropolitan territory is divided into 17 municipalities, each with its own local 

council. The City covers 3.6% of Serbia's territory, and around 24% of the country's population lives 

within its administrative limits. It is classified as a Beta-Global City. 

According to the 2011 census, the City has a population of 1,166,763, while the urban area of Belgrade 

(with adjacent urban settlements of Borca, Ovca, and Surcin included) has 1,233,796 inhabitants, and 

the population of the metropolitan area (the administrative area of the City of Belgrade) stands at 

1,659,440 people. 

Belgrade is the financial center of Serbia and Southeast Europe, with a total of 17 million m2 of office 

space. It is also home to the country's Central Bank. Currently, over 600,000 people are employed in 

120,286 companies, 60,000 enterprises and 50,000 shops. The City of Belgrade itself, owns 267,147 m2 
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of rentable office space. 

As at 2009, Belgrade contained 31.4% of Serbia's employed population and generated over 38% of its 

GDP. The City's nominal GDP in 2014 was estimated at USD 16.97 billion, amounting to USD 10,086 per 

capita. GDP at purchasing power parity was estimated at USD 36.1 billion, which was USD 31,461 per 

capita in terms of purchasing power parity. 

New Belgrade is the country's main business district and one of Southeastern Europe's financial 

centers. It offers a range of facilities, such as hotels, congress halls (e.g. Sava Center), Class A and B 

office buildings, and business parks (e.g. Airport City Belgrade). Over 1.2 million m2 of land is currently 

under construction in New Belgrade, with the value of planned construction over the next three years 

estimated at over EUR 1.5 billion. The Belgrade Stock Exchange is also located in New Belgrade and 

has a market capitalization of EUR 6.5 billion (USD 9 billion). 

In September 2013, the average Belgrade monthly salary stood at USD 635 in net terms, with the gross 

equivalent at USD 877. The 2013 Annual Economist Intelligence Unit Survey ranked Belgrade the 86th 

most expensive out of 131 world cities. 

2.2. CITY STRATEGIES AND INITIATIVES 

There are several strategies on the level of the City that promote energy efficiency and solutions that 

entail further development of district energy systems.  

Belgrade Development Strategy 2011 

In regard to the development vision of the City, strengthening its sustainability, competitiveness, identity 

and improvement of management of the City are the top priorities. Based on the Belgrade Development 

Strategy 2011, sustainability is the main development principle and key measure for community 

operation and future quality development.  

Belgrade Energy Strategy 2008 

Main goals of the Energy Strategy until 2030 include the following: 

1. Increasing of energy efficiency in production, conversion, transmission and transport, 

distribution and consumption of energy 

2. Ensuring enough energy for safe distribution of all consumers with diversification of energy 

sources 

3. Protection of environment with use of more ecological energy sources in compliance with 

technology developments 

4. Ensuring higher degree of independence from imported energy by incentivizing of local energy 

sources 

5. Achieving more affordable conditions for energy development investment 

6. Support to research, development and implementation of new, clean and efficient technologies 

Belgrade Air Quality Strategy 2016 

The Strategy sets 6 goals that need to be achieved in order to tackle air pollution issues in Belgrade: 

- Reduce air emission of harmful pollutants from heat plants and individual boilers 

- Reduce emissions from thermo-energy complex (TTP) to a level below marginal value 

- Reduce air emission of harmful pollutants from traffic 

- Establish an efficient system for monitoring and reporting on air quality in Belgrade 
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- Establish an efficient system for respecting the principle of environmental protection in 

Belgrade 

- Reduce the impact of re-emission of suspended particles on air pollution  

Belgrade Environment Protection Program 2015-2025 

The Environmental Protection Program has developed 28 priority measures. The following ones deal 

with energy efficiency and renewable energy sources (RES): 

- Undertake systemic research of potential for RES in Belgrade 

- Increase use of RES in Belgrade 

- Increase energy efficiency and reduce consumption of energy in buildings (households and 

public sector) 

Belgrade Development Strategy of the Company 2016 

In 2016, a detailed Development Strategy of the Company (“the DH Strategy") was developed for the 

period 2015-2025 and has now been approved by the City. The analysis undertaken through the 

activities below will, in part, build upon the data and analysis contained within this DH Strategy as well 

as provide an Action Plan to address the priorities of the Strategy.  

2.2.2. STRATEGY AND DEVELOPMENT PROJECTION OF DISTRICT HEATING SYSTEM 

IN BELGRADE 

Heating in Belgrade  

Belgrade’s citizens have the following sources of heat at their disposal:  

1. District heating system in areas where heating installation is in place  

2. Electricity  

3. Natural gas in areas where gasification is performed  

4. Other, individual systems (coal, wood, RES)  

The Company is the sole provider of district heating service in Belgrade. The General Urbanistic Plan of 

City of Belgrade does not have a defined relation to the City’s energy resources. Through definition of 

this relation, planning of necessary infrastructure construction would be enabled as well as optimal use 

of energy resources.  

District heating system and its development  

On the territory of the City, beside the DH system in the City’s central municipalities which is managed 

by the Company (including the Mladenovac municipality), there are DH systems in municipalities of 

Lazarevac, Obrenovac and Grocka (which do not belong to the Company), while Surcin and Sopot 

municipalities do not have such systems nor appropriate public utility company with this activity. 

According to the views of the City’s Secretariat of Energy, it is in the City’s and the Company’s interest 

that DH system is expanded to these municipalities as well. The expansion on these municipalities is 

planned by 2025. The Secretariat is considering the possibilities of one joint company on the City level 

which would have as its activity providing DH on the entire City’s territory.  

DH development 
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The development of the Company’s DH system in a new area of the City starts with permits for 

urbanistic or planning document for the given part of the City to the Company. In this process other 

public authorities for management of infrastructure also take part. The City secretariats which directly 

take part in the development of a relevant urbanistic-planning act are the Secretariat for Urbanism, 

Secretariat for Environmental Protection, and the Secretariat for Energy. Secretariat for Energy has 

jurisdiction of rational energy resource management in the City. Although the expansion of DH system 

would take place in the current municipalities and the above stated suburban municipalities, there is no 

plan that DH system is a mandatory heat source in any of the City’s parts.  

Currently within the DH system approximately 305,000 households are connected, that is about 50% of 

all households in Belgrade, which provides sufficient possibility for DH system consumption expansion. 

By 2025 the goal is to have at least 360,000 households connected to DH system, which represents a 

compound annual growth rate (“CAGR”) of 1.7%. In the previous 20 years the CAGR of households 

connected was 2.5%. Also, with the construction of a large number of new residential and office objects 

an increase in the expected potential consumption is expected.  

The development of TPP heat pipeline, which enables the use of cogeneration energy from TPP Nikola 

Tesla for the DH system, as well as the systematic heat pipeline network replacement, which are the 

main projects according to the representatives of the Secretariat of Energy, would increase the DH 

system efficiency through the increase of the degree of primary energy utilization, reduced heat 

production cost and heat losses.  

The current goals of the DH system according to the Energy Development Strategy of Belgrade for 2030 

are the following:  

1. Costumers shift from using electricity for heating to using DH system for heating  

2. Increase in energy efficiency of heat production and distribution  

3. Reduction of negative environmental impacts caused by energy production and 

consumption  

Heat price 

Heat price is determined according to the Directive of Government of Republic of Serbia which 

prescribes the maximum allowed heat price. The final decision on the price of heat is made by the City 

of Belgrade. The price is defined through the so-called cost-plus model which compensates the variable 

and fixed costs of heat production and ensures a return on the fixed part of the costs. Obtaining 

earnings above the prescribed price by the Directive in one season results in decrease of the heat price 

in the next heating season. 

This way of determining the price does not encourage the investment in higher production efficiency or 

the investment in RES technology, since through these investments a higher heat production efficiency 

would be achieved which would result in higher than prescribed earnings, which would subsequently 

result in a below-economic price in the next heating season. 

Energy holding 

According to the views of the Secretariat of Energy representatives, creation of an energy holding as a 

parent company to the existing Company would result in the development of the Company and, in 

general, the development of the energy sector but also of the City itself. The creation of the energy 

holding would enable centralized management of energy resources in the City’s territory. 
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The integration of resources would also prevent an overlap of infrastructures necessary for heat 

delivery, the natural gas, but also of electricity for heating needs. This can lead to zoning of given 

resources for heating needs. 

The holding as a parent company would represent the City’s interests in different projects. The City 

would have a 100% ownership in the parent company, while the holding would have different stakes in 

the subsidiaries of such a company. 

2.3. POLICIES AND LEGAL FRAMEWORK 

2.3.2. PLANNING AUTHORITY AND FRAMEWORK 

The energy sector regulator in Serbia is the Energy Agency of the Republic of Serbia (AERS) under the 

responsibility of the Ministry of Energy and Mining. The regulator approves prices for electricity and gas 

and is responsible for the grid code. DH is under responsibility of the municipality, so the role of the 

regulator is to expand DH operations with the opening of the natural gas market and increasing focus 

on renewable energy. Final approval responsibility for the tariffs is under the local assembly and 

municipalities have operational responsibility for all DH sector. In Serbia the regulatory responsibility 

for the DH sector is not separated from the ownership of DH Company and this will change following 

the recent revision of the Energy Law. Taking into consideration regulatory and legal and institutional 

framework for the DH sector defined by key legal acts for District Heating Energy Law (2011/13/14) 

and Law on the Efficient Use of Energy (2013), the Legislative framework allows for private sector 

participation in the DH sector and PPP has high potentials. 

Table 1. Institutional and regulatory framework for responsibility over the DH system in Serbia 

2.3.3. BUILDING REGULATIONS AND CERTIFICATION 

As a member of the Energy Community and European Union (EU) candidate country Serbia has started 

the process of embedding EU regulations, such as the EU Energy Performance of Buildings Directive 

and the EU Energy Efficiency Directive into national law. Serbia’s approach is set out in its Third National 

Energy Efficiency Action Plan (for the period to 2018). As well as the Law on the Efficient Use of Energy, 

the Law on Planning and Construction covers policies related to the energy performance of buildings. 

The Law on Planning and Construction legally defined for the first time the term energy performance of 

a building, alongside an obligation for Energy Performance Certificates for buildings. Underpinning this 

are two sub law rulebooks: 

 Rulebook on energy efficiency in buildings (explaining the general procedures and principles 

for calculation with the list of applicable standards)  

Regulators 
should be 

independent 
from 

ownership 
and 

management 

Regulatory 
and tariff 
approval 
process 

should be 
transparent 

and 
documented 

The 
approved 

tariffs 
should 
allow 

investors 
to cover 

full 
costs 

Regulation 
should provide 
incentives for 

efficiency 
improvements 

Policy 
instruments are 

used 
to support the 

use of DH/CHP 
(financial and 
fiscal support 
mechanisms, 
market-based 
mechanisms, 

interconnection 
policies) 

Social 
protection of 

DH 
customers 

against price 
increases 

should 
explicitly 

target low-
income 

households 

Investment 
decisions 
consider 

the interests of 
consumers (by 
promoting low-

cost, reliable 
heat supply) 

Legislative 
framework 

allows 
for private 

sector 
participation 

in the DH 
sector 

Partially Partially Partially Partially Yes Partially Yes Yes 
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 Rulebook on conditions, content and method of issuing energy performance certificates 

(defining the types of EPCs and procedures for issuance)  

Adoption of regulations started in 2011 and became obligatory from 2012. Rulebooks currently only 

address the building envelope, heating system and hot water preparation, but are currently under the 

revision and will include cooling, ventilation and lighting as part of the revision process. 

Maximum energy performance values of new buildings and for existing buildings undergoing 

renovation are defined by the Rulebook on energy efficiency in buildings. Specific values of maximum 

allowed energy need for heating are defined for each building type.  

The Law on Housing and Maintenance of Buildings adopted in 2016 made a significant change for 

residential sector. For the first time, improvement of energy efficiency was declared to be a matter of 

public interest, thus, the national government can now provide state budget funds for this purpose in 

the residential sector. This enabled the creation of the funds such as the City of Belgrade Budget Fund 

for Energy Efficiency.  

2.3.4. LEGISLATION RELATED TO DISTRICT HEATING 

In Serbia the legislation in electricity and gas sectors is much more developed than for the DH sector. 

There are no obligations to use building level or individual final customer (or "flat level") heat meters. 

On November 7, 2007, Serbia initiated a Stabilization and Association Agreement (SAA) with the EU and 

Serbia officially applied for the EU membership on 22 December 2009. Serbia is in the negotiations 

process and regardless of not being officially one of the EU member countries, it takes into 

consideration the EU Directives for the development of strategies or other documents.  

By adopting the Energy Community Treaty from 2015, Serbia made legally binding commitments to 

adopt core EU energy legislation, the so-called "acquis communautaire”. The Treaty acquis evolve 

constantly to incorporate new sectors, also to update or replace older acts. To stay on track with the 

evolution of EU law, the Treaty allows the adaptation of the acquis and implementation of possible 

amendments to ensure that Serbia keeps pace with EU developments. In that way, Serbia’s regulatory 

framework in energy and related sectors is continuously aligned with EU. After the adoption of the 

Energy Community Treaty Serbia has taken into consideration the implementation of 2012/27/EU 

Energy Efficiency Directive until 15 October 2017, while the implementation deadline for individual 

metering regulations is foreseen for 30 November 2019. Article 7 of 2012/27/EU Energy Efficiency 

Directive is a key energy saving measure and contributes to the EU energy efficiency target. The savings 

reported by European Commission in 2017 assessed the progress made by Member States towards 

the national energy efficiency targets for 2020 and towards the implementation of the Energy Efficiency 

Directive (Brussels, 23.11.2017) for 2015 (28.5 Mtoe in cumulative terms), which indicate good 

progress in the implementation of Article 7 across the EU member countries.  

The list of key legislation governing the DH sector in the Serbia is following: 

 Energy Law (Official Gazette of the Republic of Serbia, nos. 57/11, 80/11 – corrections 93/12, 

124/12, and revised 29/12/2014) 

 Law on the Efficient Use of Energy (Official Gazette of the Republic of Serbia, no. 25/13) 

 Public Debt Law (Official Gazette of the Republic of Serbia, nos. 61/05, 107/09, 78/11) 

 Draft Energy Sector Development Strategy of the Republic of Serbia for the period to 2025 with 

projections by 2030 (Ministry of Energy, June 2013) 

 Regulation about incentives for privileged electricity producers 
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 Regulation about the method of calculation and manner of distribution of funds collected for 

fees for privileged electricity producers 

 Regulation on the conditions and procedure of acquiring the status of privileged electricity 

producers 

Serbia's legislation when connecting buildings to the DH systems obliges the heating distributors the 

following: 

- For buildings already connected to DH network and with installed heat substations, the heating 

distributor is obliged to install heat meters before the inner installations of the building and: 1) 

to install heat metering device enabling energy quantity metering and recording the time it was 

consumed, 2) to install the device for automatic regulation of the delivered heat to the building, 

3) to perform regular control of the installed equipment.   

- For buildings already connected to DH network and based on the request of the building owner 

or owners of building parts, when building is a single metering point: 1) to provide offer to 

owners if it is technically possible and if economically feasible, to equip the internal heating 

systems installation with the equipment for metering, as well as with the equipment for 

regulation of heat on every single heating body, or perform technical review and acceptance of 

such equipment installed buy the third party.  

- DH distributors are obliged to apply the heat energy tariff system within the time frame 

prescribed by the local self-governments after the entry into force of the Serbia's Law on 

Efficient Use of Energy (2013). 

Local self-government is obliged to include metered and delivered consumption as one of the elements 

of the tariff systems for district heating. 

Investors for the new constructed buildings are obliged to supply every new building with:  

1) Supplied energy control and regulation and heat metering devices for buildings 

2) Heat metering devices for every part of the building 

3) Supplied energy control and regulation devices for every heat energy source 

Ministry of Energy in Serbia prescribes the conditions under which installation of the metering 

equipment would be deemed technically non-feasible or economically non-feasible taking into account 

the long term projected savings and the type of the building for which legal obligations are applicable. 

In addition, there is a strong influence of international organizations, such as UN Environment or 

monetary funds, working in the energy efficiency, climate change and greenhouse gas emissions 

reduction sector to facilitate the technological upgrade of the DH sector and metering is being a part 

of that.     

2.4. GENERAL ASSESSMENT OF THE DISTRICT HEATING SYSTEM 

The DH sector in Serbia consists of 59 District Heating networks with total 6,000 MWth capacity. The 

four most populated cities, including Belgrade, Novi Sad, Nis, and Kragujevac are contributing to 60% 

of total installed capacity.  
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Table 2. The share of DH sector in Serbia 

No. City 
No. of 

connections 
Annual sales, 
EUR million 

1. Belgrade 300,000 276 

2. Novi Sad 85,000 78 

3. Nis 28,000 20 

4. Kragujevac 18,000 20 

5. 
Other cities (Zrenjanin, Subotica, Pancevo, Bor, Krusevac, 
Sabac, Kraljevo, Cacak, Uzice, and Jagodina) 

N/A > 4 

Belgrade’s DH system is one of the largest in Europe with: 

 Installed power     2,850 MW 

 Length of the DH Network    1,460 (730+730) km 

 Number of Heat Substations    8,700 

 The total heated area of consumers  22 million m2 

The Company operates with 61 heat sources (14 power plants and 47 boiler houses) with a total 

installed thermal capacity of 2,819 MW. The economizers give an additional 34 MW of thermal capacity. 

Belgrade’s DH system is not uniform, it is distributed in separate districts. The annual consumption of 

heat energy is 3,500 GWh. The sanitary hot water production is ensured from 10 different power 

generation sources with 70 MW installed capacity. 

89% of heat energy produced in the Company is from natural gas. Heavy oil is secondary fuel with a 

tendency to be eliminated. RES makes 0.38% of produced energy. During the 2014/2015 heating season 

RSD 14.1 billion (USD 0.14 billion) was expensed for the fuel acquisition.  

The total heating area covered by the Company in February 2016 was 21,882,862 m2, with 81% occupied 

by the residential area (305,000 consumers) and 19% by the commercial area (15,500 consumers). The 

heating area has a tendency to grow. 

The main Company’s activities include: 

1) Production and distribution of heat energy for the heating needs of its consumers 

2) Delivery of Sanitary Hot Water (“SHW”) 

3) Distribution of electric energy 

4) Natural gas distribution 

5) Development and maintenance of heat and gas facilities, and 

6) Technical testing and analysis 

The Ministry of Energy and Mining in Serbia is responsible for the DH sector and the DH companies in 

Serbia are owned by the local authorities. The regulator defines a common methodology for heat tariffs 

and municipalities approve them (0.06 EUR/kWh in season 2017-2018). The Law on Energy includes 

feed-in tariffs for electricity produced by combined heat and power (CHP), RES and waste incineration. 

The renewable based heat-only generation is not covered under the Law. The heating sector in Serbia 

is illustrated in picture below by the example of Belgrade. 
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Figure 2. Decision making framework for DH system in Serbia 

2.4.1. DISTRICT HEATING SYSTEM ANALYSIS 

On the territory of City of Belgrade, besides the DH system in the City’s central municipalities which is 

managed by the Company (including the Mladenovac municipality), there are DH systems in 

municipalities of Lazarevac, Obrenovac and Grocka (which do not belong to the Company), while Surcin 

and Sopot municipalities do not have such systems nor appropriate utility with this activity. According 

to the views of the Secretariat of energy representatives it is in the City’s and Company’s interest that 

DH system is expanded to these municipalities as well. The expansion on these municipalities is 

planned by 2025. Secretariat is considering the possibilities of one joint company on the City level which 

would have as its activity district heating on the entire City’s territory. 

The development of the Company’s DH system in a new area of the City starts with permits for 

urbanistic or planning document for the given part of the City to the Company. In this process other 

public authorities for management of infrastructure objects and pipelines also take part. The 

secretariats which directly take part in the development of a relevant urbanistic-planning act are the 

Secretariat for urbanism, Secretariat for environmental protection, and the Secretariat for energy with 

jurisdiction of rational energy resource management in the City. Although the expansion of the DH 

system would take place in the current municipalities and the above states suburban municipalities, 

there is no plan that DH system is a mandatory heat source in any of the City’s parts. 

Currently on the DH system approximately 305,000 households are connected, that is about 50% of all 

households in Belgrade, which provides sufficient possibility for DH system consumption expansion. 

By 2025 the goal is to have at least 360,000 households connected to SDH, which represents a 

compound annual growth rate (“CAGR”) of 1.7%. In the previous 20 years the CAGR of households 

connected was 2.5%. Also, with the construction of a large number of new residential and office objects 

an increase in the expected potential consumption is expected. 

The development of TPP heat pipeline, which enables the use of cogeneration energy from TPP Nikola 

Tesla for the Company’s DH system, as well as the systematic heat pipeline network replacement, which 

are the main projects according to the representatives of the Secretariat, would increase the DH system 

efficiency through the increase of the degree of primary energy utilization, smaller heat production cost 
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and smaller heat losses. 

The current goals of the DH system according to the Energy Development Strategy of Belgrade until 

2030 are the following: 

1. Users’ change from using electricity for heating to using DH system for heating 

2. Increase in energy efficiency of heat production and distribution 

3. Reduction of negative environmental impact 

2.4.2. HEAT GENERATION 

Heat energy is not produced in one location in Belgrade - there are a lot of heat production power plants 

with rating from low to average efficiency. The reconstruction of old power plants has a positive trend. 

 

 

Figure 3. Belgrade DH network and system 

The main fuel in Belgrade is gas, heavy fuel oil (mazut) and renewables. Today Belgrade uses 89% of 

gas. 
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Figure 4. Fuel share in Belgrade 

Fuel diversification is very important and has a big potential in Belgrade as energy produced by gas is 

the most expensive. Energy prices according to fuel source in Belgrade are as follows: 

 Natural gas       45 € / MWh 

 Waste heat        <25 € / MWh 

 Heat from the incinerator     30 € / MWh 

 Solar thermal - Before payback     35-40 € / MWh 

 Solar thermal - After payback      3 € / MWh 

 Biomass        35 € / MWh 

 Heat pumps        35-40 € / MWh 

 Geothermal       N/A € / MWh 

 

Fuel diversification should be done in the following years and the share of biomass and renewables 

should be increased. The location of different fuel sources should be distributed in the City uniformly. 
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Figure 5. Potential fuel diversification and its location for 2030 in Belgrade 

 

Figure 6. Potential share of fuel diversification for 2030 in Belgrade 

2.4.3. DISTRICT HEATING NETWORK 

The DH network in Belgrade can be described as a closed-loop network. Total length of the network is 

1,460 km (both ways). The hot water production using electricity inside individual flats/households is 

common, so the DH network mainly covers only heat load. The main facilitator for domestic hot water 
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production is low electricity prices. 

The pipes of DH network have old inefficient insulation, so the DH network losses can be dramatically 

reduced. 

 

Figure 7. Water leakage in the DH network wells 

 

Figure 8. DH network pipes have poor thermal insulation 

 

Figure 9. Water leakages in the DH network 
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2.4.4. SYSTEM REGULATION 

Heat production in new reconstructed power plants are managed and operated with the assistance of 

installed computer software. The operator monitors automatic heat production processes in the 

computers screens to increase energy production efficiency. 

 

Figure 10. Energy production management and operation 

The energy production is based on the qualitative energy supply principles proportionally increasing the 

DH network supplied temperature then the outside air temperature drops. There is a possibility to 

manage amount of supplied heat keeping the same supplied temperature but changing water flow 

volume in the DH network, decreasing overall pipe network heat losses. 

 

Figure 11. Supply temperature dependence upon outside air temperature 

2.4.5. DEMAND SIDE MANAGEMENT 

The heat from the DH network is supplied to the building with the help of heat substations. In old 

buildings, the regulators have been installed to regulate the temperature supplied to the building’s 

internal heating system according to outside air temperature but today the most of regulators are not 

working, so the main temperature regulation comes from the power plant. That can lead to lack of 

precision in supplied temperature, and the premises can be overheated. As the main billing for heat 

energy for residential sector is not consumption based but square-meter based, overheating does not 
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influence directly the final bill of buildings.    

 

 

Figure 12. Heat substation and old equipment 

To increase energy efficiency demand side management should be applied, the square-meter based 

billing should be switched to actual consumption-based billing. The heat meters should be installed in 

all buildings and existing non-working equipment should be repaired, non-reconstructed heat 

substations should be reconstructed to independent connection type with heat exchangers.
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Figure 13. Heat meters in a substation 

Heat substations in new constructed buildings are designed well and are in good operation shape.  

 

Figure 14. Heat substations in new buildings 

After implementation of demand side management in every building, it should be upgraded to the level 

of individual customer consumption and if not possible, by installing heat costs allocators for every 

final customer/apartment. Demand side management will increase overall efficiency of the DH system 

by proper load management by shifting heat load control to flat as much as possible.
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Figure 15. Demand side management 

2.4.6. TARIFF MODEL 

Belgrade has the highest revenue from DH systems per household comparing to other cities in Serbia 

and many other cities in neighboring countries. 

 

Figure 16. Regional and National Differences in Tariff Levels. DH revenue is USD 1,000 per household per year 

Current heat tariffing in Belgrade is presented in the table below. 

Table 3. Overview of heat tariffs in Belgrade 

Support mechanisms influence the DH market, so the support policy plays a very important role. 

Financial and fiscal support mechanisms include feed-in tariffs for electricity from renewables and 

cogeneration. The new energy law foresees similar incentives for heat production (Article 62). Financial 

support mechanisms have feed-in tariffs for the CHP electricity that is exported to the grid but have not 

Unmetered 
household tariff 

Unmetered 
commercial tariff 

Metered 
household tariff 

Metered 
commercial tariff 

Notes 

1.00 Eur/m2 per 
month + 27.80 

Eur/kW per year 
N/A 

60.87 Eur/MWh + 
0.36 Eur/m2 per 

month 

74.47 Eur/MWh 
 

Included 10% VAT 

1.6 

 

1.4 

 

1.2 

 

1.0 

 

0.8 
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implemented specific feed-in tariffs for heat production from cogeneration or RES. Regulatory 

mechanisms are applied for privileged electricity producers (access to feed-in tariffs and not paying 

balancing service) and the new energy law foresees similar incentives for heat (Articles 57–58 and 

365–366). Interconnection policies foresees preferential access for the privileged producers. Overview 

of feed-in tariffs for renewable energy is presented in the table below. 

Table 4. Overview of feed-in tariffs EUR cents/kWh for renewable energy 

2.4.7. FINANCIAL ASSESSMENT AND BUSINESS MODELS 

2.4.7.1. FINANCIAL ASSESSMENT 

Description of the financial operation 

70% of the revenue of the Company in Belgrade comes from heat energy supply for customers. The City 

founded a legal entity Public Utility Company (PUC) “Infostan tehnologije” for the payments collection 

and billing procedures. The Company pays a monthly RSD 44 million (USD 0.43 million) fee for the PUC 

services.  

City of Belgrade defines the annual heat energy tariff which has for the last 5 years increased by 7,4%. 

The main constituent part of heat energy price structure goes to fuel. The gas in fuel balance makes 

80% and heavy fuel oil 15%. The main gas supplier is Srbijagas and Gazprom Neft for the delivery of 

heavy fuel oil. The Company get subsidies from the City for the most sensitive consumer groups.  

The analysis of Income Statement 

The financial flows are mainly influenced by the heat price, price of gas and climatic weather conditions. 

During the last 6 analysed fiscal years the growth of revenue was 12.3% and for the first time in 2012 

there was a positive profit statement. In 2015 the dividends of RSD 3,080 million (USD 30.31 million) 

were paid. The subsidies paid by the Company were RSD 3,160.7 million (USD 31.13 million) in 2013. 

CHP (coal) CHP (gas) Biomass Geothermal Hydro Solar PV Wind Waste 
Duration of feed-
in tariffs, years 

8.7 9.6 14.0-17.3 7.5-10.4 8.0-13.3 17.5-22.2 9.9 9.21 12 
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Table 5. Profit and Loss Statement (in RSD million) 

 

The graph below shows that the revenue growth has been more influenced by the increase in heating 

price and that the influence of heating area growth had less effect. 

 

Figure 17. Revenues from costumers 

 

Figure 18. Costs of gas 
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The energy costs are determined by the market fuel price and the climatic weather conditions which 

impact the amount of used fuel during the heating season. The climatic conditions with colder winter 

in 2012 has led to increase of natural gas price. Between 2012 and 2014 winters were milder, so the 

increase of payments was neutralized by the reduced energy consumption. The cold winter of 2015 and 

increase of natural gas price led to 39% heat price increase.  

Table 6. Quality of income (in RSD million) 

 

 

 

 

Figure 19. Normalized EBIDTA of fiscal 2010-2015 years 

The increase of heat price with stable gas costs during mild winters from 2011 to 2014 led to EBIDTA 

growth1. In 2015 EBIDTA has decreased due to colder winter, higher gas consumption and higher gas 

price. 

Balance sheet analysis 

Positive cash flows during 2010-2015 led to increase of assets by RSD 6.7 billion (USD 0.066 billion). 

The buildings and land take 18.1% of total PPE value in the 2010-2015 periods, equipment takes 76.8% 

of total value.  

                                                           
1 Earnings before interest, taxes, depreciation, and amortization 
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Table 7. Balance sheet 

 

The technical due diligence of the Company shows the necessity to invest into DH network in total of 

EUR 380 million (USD 441.66 million). Allocating these costs per 25 life cycle gives EUR 15.2 million 

(USD 17.67 million) of annual investments but the City Government has approved much less. The 

approved annual investments of EUR 1,195.78 (USD 1,389.87) for 2011-2015 were also too small 

compared to necessary actual investments to keep proper technical state. 

Net Debt Analysis 

Before 2014 the Company did not operate with any financial liabilities except for RSD 120 million (USD 

1.18 million) loan from the City. From 2014 the loan repayment for EBRD and AIK Banka investments 

influenced the net cash flows. The three remaining payments based on 2001 contract of EUR 4,345 

million (USD 5,049 million) with EBRD were paid from the City to the Company. The funding was directed 

to the program of the implementation of consumption-based billing for the DH system and the 

rehabilitation of the network. 

During 2014 the refinancing of the penalty for delivered natural gas between 2010 and 2015 was made 

by the AIK Bank. The refinancing was due to unpaid financial obligations of RSD 1,900 million (USD 

18.69 million). On December 31, 2015 the remaining financial liabilities were RSD 1,330 million (USD 

13.8 million). The last foreseen payment was on 20 July 2016. 

The relevant adjustments of net debt are presented in the table below.  
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Table 8. Adjusted Net Debt 

 

The table below shows the summary of normalization adjustments of net working capital. Adjustments 

mainly refer to the interest to Srbijagas since a default interest is rather a source of financing than an 

operating liability, as well as additional impairment of receivables.  

Table 9. Net working capital - normalized 

 

2.4.7.2. DH SYSTEM AND PUBPLIC PRIVATE PARTNERSHIPS 

The DH system in Belgrade is managed by the City. Management by only local government has some 

disadvantages, for example lack of finances for large scale DH rehabilitation projects. However, 

involving technical and business development experience from private sector can find ways to attract 

finance and investment in energy efficiency projects even without full privatization scenarios as 

different business models can be chosen. Options for improvement of the DH system in Belgrade show 

that Belgrade is ready for immediate all private sector participation models (Management agreements, 

Leasing, Concession agreements, Heat entrepreneurship, ESCO), except privatization which can take 

longer. 

Table 10. Options for improvement of District Heating systems in Belgrade 

No. 
Private sector 
participation 

models 

Operation 
and 

management 

Payment for 
the services 

Investment Ownership 
Readiness of private 
sector participation 

1. 
Management 
agreements 

Private Public Public Public Immediate 

2. Leasing Private Private Public Public Immediate 

3. 
Concession 
agreements 

Private Private Private Public Immediate 

4. Privatization Private Private Private Private Long 

5. 
Heat 
entrepreneurship 

Private Public/Private Public/Private Public/Private Immediate 
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No. 
Private sector 
participation 

models 

Operation 
and 

management 

Payment for 
the services 

Investment Ownership 
Readiness of private 
sector participation 

6. ESCO Private Private Private Public/Private Immediate 

2.4.7.3. LEGAL FRAMEWORK FOR PUBLIC PRIVATE PARTNERSHIPS 

From 2011 the new Public Private Partnership (PPP) law in Serbia is in compliance with international 

best practice. Ministry of Finance has established a PPP unit (PPP Commission) and published a 

practical guide and template titled Heads of Agreement. The PPP unit has worked on 21 new projects, 

where they gave a positive opinion. The PPP projects include two small district heating projects.  

Today there is a lack of successfully implemented PPP projects. Three small scale DH projects failed 

due to inadequate cost recovery, as cost-covering tariffs were not implemented, and the assets were 

reverted to the municipalities. The PPP project development, procurement and award process in Serbia 

is illustrated in the figure below. 
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To facilitate the PPP in Serbia, the government should consider developing a pipeline of 

Private Party 
suggests PPP 

project to State body/ 
State body initiates PPP 

State body prepares 
The Concession Proposal 

PPP 
Commission provides Opinion, 

Relevant Authority provides 
Approval 

State body 
delivers 

Concession 
Act 

Procedure for granting 
Concessions is initiated 

(Public Call in the Official 
Gazette) 

Private bodies bid 
(within at least 60 days) 

Concession 
is awarded 
(within 60 

days) 

Standstill period / 
possible 

Request for protection of rights 
(15 days) 

Public 
Agreement 

On Concession 

Figure 20. PPP process 
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pilot/demonstration projects for PPP in municipal services including DH sector. The government should 

address the inevitable conflict between affordability concerns and financial viability upfront through 

structured, performance-based subsidies from local governments to DH companies and seek 

international assistance for transaction structuring of the pilot projects. 

Social concerns are significant approving tariffs and independent approval procedure by the regulator 

would be likely to provide a better framework and ensure financial viability for development of the 

sector. 

The Ministry of Energy and Mining has taken over responsibility for the DH sector and it will now be a 

part of the Energy Strategy. After the adoption of the new Energy Strategy for Serbia the implementation 

program has to be prepared considering private sector participation in the continuous modernization 

and rehabilitation of existing DH systems, in fuel switching by increasing the use of biomass, municipal 

waste and CHP, and in energy efficiency increase for the end-users. 

The list of key legislation governing PPP in Serbia is the following: 

 PPP Act (Official Gazette of the Republic of Serbia, no. 88/11) 

 Public Procurement Act (Official Gazette of the Republic of Serbia, no. 124/12) 

 Public Utilities Act (Official Gazette of the Republic of Serbia, no. 88/11) 

 Construction and Spatial Planning Act (Official Gazette of the Republic of Serbia, nos. 72/09, 

81/09, 64/10, 

 24/11, 121/12, 42/13, 50/13) 

 Labor Act (Official Gazette of the Republic of Serbia, nos. 24/05, 61/05, 54/09, 32/13, 75/14) 

 Civil Servants Act (Official Gazette of the Republic of Serbia, nos. 79/05, 81/05, 83/05, 64/07, 

67/07, 116/08, 

 104/09, 99/14) 

 Privatization Act (83/14) 

3. ANALYSIS OF THE DISTRICT HEATING SYSTEM MODERNIZATION 

3.1. STAKEHOLDER MAPPING 

Below is the diagram with list of key stakeholders related to district energy management and decision 

making in Belgrade. 
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Figure 21. Key stakeholders in DH 

City level 

On the city level, key stakeholders include the City of Belgrade and particularly the three secretariats: 

Secretariat for Environmental Protection, Secretariat for Energy and Secretariat for Communal and 

Housing Affairs. Further, main stakeholder on city level is the DH Company.  

National level 

On the national level, key stakeholders include the Ministry of Environmental Protection and the Ministry 

of Energy and Mining, which is the legal regulator in energy sector in Serbia. 

2.2 HEAT SOURCES 

Investments are necessary to replace burners in order to prolong their work life and reduce the 

possibility of malfunctions and heat supply stops. On the other hand additional investment would also 

increase the efficiency of the production process through new technology and process with a larger 

efficiency rate compared to the currently used. 

Besides investment in the prolongation of work life of current heat sources, investment is necessary to 

improve the efficiency of the production process. These investments would increase the usage of fuels, 

which is the amount of heat obtained in the production process compared to the primary energy of 

fuels. Currently the heat loss in the production process is approximately 12-14% and according to rough 

estimates of Company Management they can be reduced to a 10% level, which would result in 

significant annual savings for fuel costs compared to the level in 2015. The precise information on the 
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level of savings can be obtained through a more detailed study which would also provide the necessary 

investment to achieve the goal. 

Heat source efficiency can be improved with the installation of economizers, based on the existing 

excellent experience that the Company has with these projects. According to current analyses, there is 

a possibility to install 12 economizers (5 units of 6 MW capacity and 7 units of 3 MW capacity), with 

estimated costs of approximately EUR 6 million (USD 7 million). Company’s analysis show quick 

payback of such projects, and a significant impact on the increase of heat source energy efficiency. 

With the improvement of combustions systems, two goals can be achieved: 

- Increase of system’s energy efficiency 

- Fulfilment of ecological standards regarding the protection of the environment 

Obligations coming from the ELV Directive primarily regard boilers of capacity above 50 MW built after 

1992 but can also cover older boilers if they are connected to the same funnel as boilers built after 

1992. There are 20 such boiler units in the existing system. 

The Company is performing activities in order to develop a study which should offer the best solutions 

for reduction in NOx emissions that is the choice of optimal technical solution for reduction of nitrous 

oxide emissions in heat plants Novi Beograd, Dumav, Konjarnik, Vozdovac, Miljakovac, Mirijevo, 

Medakovic, Mladenovac, Banovo brdo and Batajnica. These include primary and secondary measures 

for reduction in NOx emissions. 

A small capacity cogeneration facility is planned within the heating substation (HS) Vozdovac. The 

capacity is planned up to 10 MW of electrical energy (and approximately 10 MW of heat), in such a way 

that the electric energy can be sold to the distributional network through feed-in tariffs. 

Heat storages at heat sources 

Heat storage would primarily be used to reduce peak productions in heat sources during the heating 

seasons, which would reduce the load of production capacities of the system, it would reduce the risk 

of malfunction and increase the reliability of the DH system. Energy is stored during low consumption 

periods and is used during periods of highest needs in order to reduce the use of boiler facilities. This 

way of exploitation is even more interesting in the case when heat is produced or bought from 

cogeneration sources. 

Current demand for heat is completely covered by currently installed capacities. Change towards a pay 

by consumption system, from a flat rate, for a larger ratio of users, would change their habits and the 

way they consume energy, which can lead to a situation where current heat sources would not be 

enough in order to satisfy the needs of users in the peak consumption periods. In this case heat 

storages can serve as heat back up. Heat storages can represent a cheaper solution compared to boiler 

facilities with regard to CAPEX and OPEX. Central (large dimension) heat storages are modular and can 

be combined in order to better serve the needs. One of the solutions contains a storage of 800 m3 

which can store up to 50 MWh and supply up to 40 MWh (@120/70°C) and costs around EUR 1 million 

(USD 1.17 million) (the estimate is based on material and labor costs within the EU, operating costs not 

included). Heat storage stores heat through heating or cooling of the center of the storage, in such a 

way that the energy can later be used for heating or cooling and generation of electric/thermal energy. 

Storage can, thus, help to balance the energy demand and consumption on a daily, weekly or seasonal 

level. Also they reduce the maximum demand, energy consumption, CO2 emissions, as well as costs, 

while at the same time increasing the efficiency of the energy system. Additionally, the conversion and 

storage from various RES (e.g. wind and sun) in the form of heat can also help to increase the share of 

RES in the entire energy portfolio. 
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3.2. LEAST COST ANALYSIS 

Heat price is determined according to the Directive of Government of Republic of Serbia which 

prescribes the maximum allowed heat price. The final decision on the price of heat is made by the City 

of Belgrade. The price is defined through the so called cost plus model which compensate the variable 

and fixed costs of heat production and achieves a return on the fixed part of the costs. Obtaining 

earnings above the prescribed level by the Directive results in the decrease of the heat price in the 

following heating season. 

This way of determining the price does not encourage the investment regarding higher production 

efficiency or the investment in RES technology, since through these investments a higher heat 

production efficiency would be achieved which would result in higher than prescribed earnings, which 

would result in a below-economic price in the next heating season. 

Currently, natural gas is being used to up to 85%, heavy fuel oil to 13%, coal to 0.4%, while biomass 

represents 0.4%.  

Starting in 2019 there is a risk of gas pipeline shut down from Russia through Ukraine which would 

certainly lead to natural gas price increase and can lead even to disturbances in the supply of this main 

fuel. Because of this for development of the Company it is of great importance to secure fuel supply 

and reduce the price of produced heat, and decrease in delivered heat price to the users. Decrease in 

heat price would secure greater competitiveness of the Company, growth of the consumption but would 

also provide the preconditions for a change to pay by consumption currently on flat rate payment 

system. 

Starting in 2008 wood biomass (briquettes and pellets) is used in several boilers, instead of previously 

used coal, by virtue of own technical solutions and reconstruction of boiler system parts. The use of 

wood biomass, in the total fuel used for heat production was in the range 2-5 ‰, and the limiting 

circumstance for wider use of wood biomass was primarily the large price of this fuel. 

3.3. BUILDING SECTOR IN BELGRADE 

Available data on the structure, composition and performance of both the national Serbian building 
stock and the Belgrade building stock is only limited. It is estimated that the housing sector accounts 
for 38% of total energy consumption in Serbia, and almost nine out of ten buildings were built before 
1991 (as shown below). 
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Figure 22. Share of residential buildings in Serbia by construction period 

Energy for heating is the largest energy demand in households. This is putting a considerable strain on 
the household income of many Serbian households. Eurostat estimates that more than 41% of the 
overall population in Serbia cannot pay their bills on time, while 26% live in very low-quality dwellings 
with serious defects, such as leaking roofs, damp walls and rotting floors. Consequently, one family in 
six is not able to keep their home adequately warm4 and experiences higher incidences of poor health 
and damp-induced illnesses and diseases. These energy poverty indicators are among the worst in 
Europe and provide a further dimension to the need to improve the energy performance and quality of 
the building stock in Belgrade.  

In addition to the generally poor quality of the building stock, poor air quality is a serious problem in 
many parts of the city and pollution levels are rising every year. Measures to reduce energy demand will 
also have a positive impact on the air quality. Gas dependency is a concern for Serbia, with 71% of gas 
used imported. Buildings are one of the biggest consumers of energy, particularly for heating and 
cooling, and in Serbia district heating is, to a large extent, supplied by gas. Therefore, renovation of 
buildings to reduce the demand for gas is crucial for energy security.  

The common building typologies vary across different districts. The Belgrade city centre has a 
combination of multi-family houses (MFH) (i.e. apartments) and single-family houses (SFH), while there 
are mainly single-family houses in Banovo Brdo and New Belgrade is characterised by multi-family 
houses.  

3.4. HEAT CONSUMPTION 

Production capacities of the Company have produced 2,923 GWh during 2015. For 2016 and the 

planned heat production a fuel consumption of 350 million m3 of natural gas, approximately 46,000 

tons of fuel oil, approximately 3,200 tons of coal, 500,000 liters of heating oil, about 2,000 tons of wood 

pellets and 1,500 tons of wood briquettes. Fuel consumption is planned based on the average annual 

energy consumption of 140 kWhm2 for residential objects. In the table below is the heat consumption 

for 2016.  
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Table 11. Heat consumption in 2016 

Heat sources Fuels MWh 

Sector Novi Beograd Natural gas, fuel oil – medium, heating oil - extra light 1,253,006 

Sector Dunav Natural gas, fuel oil – medium, heating oil - extra light, solid fuel 650,988 

Sector Konjarnik Natural gas, fuel oil – medium, heating oil - extra light 496,571 

Sector Vozdovac Natural gas, fuel oil – medium, heating oil - extra light 379,501 

Sector Cerak Natural gas, fuel oil – medium, solid fuel 629,165 

Total Natural gas, fuel oil – medium, heating oil - extra light, solid fuel 3,409,231 

4. RECOMMENDATIONS AND PRIORITY INVESTMENT OPTIONS 

4.1. GENERAL RECOMMENDATIONS 

There are substantial investment needs and opportunities in relation to continued network 

improvements to reduce heat and water losses and switch to cleaner fuels, as well as interconnection. 

There also are needs and opportunities for the use of waste heat, the use of solar and geothermal 

energy sources, increase of hot tap water share, energy efficiency investments at the end-user level and 

system expansion to replace other heat sources.  

Table 12. Options for improvement of the DH system 

No. Type of action Description 

1.  Fuel switching 
There are significant opportunities for fuel conversion from fossil fuels to renewable, solar 
thermal and geothermal.  

2.  
Interconnection of 
several DH networks 

The network is currently divided in several disconnected networks that inhibit higher 
reliability of the DH system. In addition, connection to alternative energy sources could 
further expand the reliability of the system. The interconnection also allows to use energy 
generation source with higher energy efficiency coefficient, so it has a potential to reduce 
energy consumption. 

3.  Waste heat  

Waste is presently landfilled, but difficulties in siting new facilities and the need to follow 
EU landfill Directives make waste incineration attractive source of energy.  
TPP in the vicinity of the DH system could offer 600 MW power to make the system more 
sustainable, reliable, fuels more diversified, decreased energy consumption by energy 
efficiency increase due to a free selection of more efficient energy generation sources and 
shut down of inefficient energy sources, and increased capacity for increased heating area 
in Belgrade.  

4.  
System expansion to 
replace other heat 
sources 

There are households within DH network area that presently have alternative heating 
solutions by electricity or other fuels and will connect to DH if a competitive service is 
provided and if pervasive cross-subsidies are removed. 

5.  
Utilisation of Solar 
Thermal energy 

There is potential in utilisation of solar thermal energy for the DH system. 

6.  Heat pumps Utilization of waste heat from cooling water or from industry, using river water. 

7.  Supplying hot tap water 

Some building engineering systems have no hot tap water production in the DH substations 
today. This potential is important for expansion of the DH switching to all-year operation. 
That creates a better basis for future production of CHP, also it is welcomed for production 
based on biomass fuels and/or waste incineration. 

4.2. PRIORITY INVESTMENT OPTIONS  
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The technical rehabilitation of DH systems in Belgrade covers the potential for the investments of over 

EUR 380 million (USD 443.57 million). Depending on the necessary investment, the required investment 

in heat sources could be financed in several ways or combined, mostly from the City and the Company, 

subsidies, loans and/or through a PPP model. 

4.2.1. SELECTION OF POTENTIAL KEY PRIORITY AREAS  

There are three main areas in Belgrade having highest technical-economical potential for 

implementation. That would need priority action in order to modernize the DH system: 

1. Interconnection of several DH networks in Belgrade; 

2. Waste heat utilization from Nikola Tesla power plant; 

3. Utilisation of solar thermal and geothermal energy. 

4.2.1.1. INTERCONNECTION OF SEVERAL DH NETWORKS IN BELGRADE 

Interconnection of the Belgrade DH System 

Belgrade’s DH system is made from separate districts not systematically connected between heat 

sources making a risk for secure supply of heat to the users. To increase DH network reliability and 

decrease a risk for consumers without building additional power generation sources, an 

interconnection between heat sources should be made. Interconnection gives a possibility to supply 

heat from multiple heat sources. The interconnection also gives a possibility to use these power 

production sources with cheapest energy price. The price of heat would be a key factor for determining 

which heat source and fuel would be used as base, and which as peak. Overall energy efficiency of the 

DH system will increase, and the operation costs will reduce.  

 

Figure 23. Belgrade DH system is not uniformed and distributed in separate districts 
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The DH network for interconnection can also serve as a heat storage when the energy consumption is 

low and the peak loads for some periods during heating season can be decreased. 

Potential interconnection form TPP Nikola Tesla to the power plant (PP) in Novi Beograd can be 

implemented. However, without interconnection of the network the impact of the TPP on the efficiency 

of the entire DH system would be much smaller. Management of this system would be more complex 

and would require essential changes in the way of planning, use of weather forecast, overview of certain 

heat source availability, coordination of technic system parts, and in which way information is collected, 

analyzed, reported, etc. 

The additional analysis and feasibility study should be made to identify the optimal technical solution 

for the interconnection and necessary level of investment. The studies should take into consideration 

that Belgrade has different altitude level, and that for ring type interconnections in order to keep the 

required pressure redesign of pump stations should be made. Through the interconnection the 

following heating areas could be connected: 

1. Obrenovac TPP – PP Novi Beograd, 

2. Connecting HS Novi Beograd with HS Dunav, 

3. Connecting HS Novi Beograd with HS Konjarnik, 

4. Connecting HS Novi Beograd with HS Banovo Brdo, 

5. Connecting HS Novi Beograd with HS Zemun, 

6. Connecting HS Novi Beograd with HS Vozdovac. 

If the waste treatment plant is developed, an additional interconnection would be possible depending 

on the location of the waste treatment plant: 

1. If the waste treatment plant is installed in Vinca: 

a) Connecting Vinca with PP Konjarnik, 

b) Connecting HS Konjarnik with HS Mirijevo, 

c) Connecting HS Konjarnik with HS Visnjicka banja, 

2. If the waste treatment plant will be installed in Cerak: 

a) Connecting HS Cerak with HS Banovo Brdo, 

b) Connecting HS Cerak with HS Miljakovac. 

Financial analysis of interconnection of Belgrade District Heating System 

For the interconnection pipeline diameters that can be considered are at least Dn600 - Dn750, so 

pipeline interconnection according to the Company in a rough estimate would lead to 1,100 Eur/m of 

pipeline costs. The basic interconnection would require 20-30 km of pipeline, so the required investment 

would be more EUR 25-35 million (USD 29-40 million). The reconstruction of pump stations due to 

different altitudes in the city are not included in this estimation. 

The financial analysis for the interconnection have been made with EUR 35 million (USD 40 million) 

investment costs. The payback period cannot be precisely calculated but the interconnection increases 

DH network reliability, also the savings can be earned utilising more efficient boilers with cheaper fuel. 

The analysis of Debt Service Account and influence on the final energy consumer energy price has been 



41 
 

made. The analysis is based on 0.06 internal rate of return. The analysis of Debt Service Account for 25 

years loan with 35 million investment shows that interconnection makes 0,001 Eur/kWh influences for 

the Belgrade final energy consumer energy price that is not a lot. The Debt Service Account is presented 

in the table below.
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Table 13. Debt Service Account for the DH network interconnection 

No. Project year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 Total

1. Interest rate 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06

2. CAPEX, Eur 35'000'000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2.1. Power Generation costs, Eur 0

2.2. District Heating Network costs, Eur 35'000'000

2.3. Heat Substations costs, Eur 0

2.4. Buildings Internal Heating System costs, Eur 0

3. Opening balance, Eur 35'000'000 34'362'065 33'685'854 32'969'070 32'209'279 31'403'900 30'550'199 29'645'276 28'686'057 27'669'286 26'591'508 25'449'063 24'238'072 22'954'421 21'593'751 20'151'441 18'622'592 17'002'013 15'284'198 13'463'315 11'533'179 9'487'234 7'318'533 5'019'710 2'582'958

4. Repayment of Principal, Eur 637'935 676'211 716'784 759'791 805'378 853'701 904'923 959'219 1'016'772 1'077'778 1'142'445 1'210'991 1'283'651 1'360'670 1'442'310 1'528'849 1'620'580 1'717'814 1'820'883 1'930'136 2'045'944 2'168'701 2'298'823 2'436'753 2'582'958 35'000'000

5. Closing balance, Eur 34'362'065 33'685'854 32'969'070 32'209'279 31'403'900 30'550'199 29'645'276 28'686'057 27'669'286 26'591'508 25'449'063 24'238'072 22'954'421 21'593'751 20'151'441 18'622'592 17'002'013 15'284'198 13'463'315 11'533'179 9'487'234 7'318'533 5'019'710 2'582'958 0

6. Interest payment, Eur 2'100'000 2'061'724 2'021'151 1'978'144 1'932'557 1'884'234 1'833'012 1'778'717 1'721'163 1'660'157 1'595'490 1'526'944 1'454'284 1'377'265 1'295'625 1'209'086 1'117'356 1'020'121 917'052 807'799 691'991 569'234 439'112 301'183 154'977 33'448'378

7. Total Debt Service, Eur 2'737'935 2'737'935 2'737'935 2'737'935 2'737'935 2'737'935 2'737'935 2'737'935 2'737'935 2'737'935 2'737'935 2'737'935 2'737'935 2'737'935 2'737'935 2'737'935 2'737'935 2'737'935 2'737'935 2'737'935 2'737'935 2'737'935 2'737'935 2'737'935 2'737'935 68'448'378
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4.2.1.2. WASTE HEAT UTILISATION FROM NIKOLA TESLA POWER PLANT 

Interconnection of pipeline TPP-Novi Beograd 

The waste heat from TPP of 600 MW can be utilized in the Belgrade District Heating network connecting it to 

PP Novi Beograd. The heat will be utilized from heat blocks A1 and A2 and in the next phase blocks A3-A6. 

This will give a possibility to shut down some inefficient heat production sources. 

To connect the TPP the 29 km pipe network have to be built. An under and above ground pipeline have to be 

installed on the left bank of river Sava from TPP in Obrenovac to PP Novi Beograd and then using existing 

bridges connection with PP Dunav and PP Konjarnik. Second pipeline would go across the Ostruznica Bridge 

and connect in underground way with PP Cerak, PP Miljakovac, PP Vozdovac and PP Konjarnik. The project 

can be implemented in 3 years.  

For the project realization the interconnection of Belgrade District Heating network should be done as the 

utilized heat should be used in all city districts and it would increase District Heating network reliability much 

more. The total Belgrade District Heating installed capacity is 3,000 MW and TPP is 600 MW, so the 

dependence on foreign natural gas for heat production would be decreased by about 30%.  

The required project investments are EUR 165 million (USD 191.89 million). Heat capacity of 600 MW during 

2,749 annual operating hours will result EUR 70.5 million (USD 81.99 million) revenue. The discounted payback 

period of invested assets according to one of models is 7.5 years and simple payback period of invested 

assets in the second model 3.6 years. After project implementation the EUR 29 - 34 million (USD 33-40 million) 

annual net profit will be ensured leading to heat price reduction through a lower heat production costs obtained 

from TPP and the Belgrade DH system will be more competitive compared to other energy sources. 

The Debt Service Account for 25 years loan with 0.06 interest rates have been made. It shows that the influence 

on Interest and Revenue on the final price will be 0.005 Eur/kWh. The Debt Service Account is presented in the 

table below.
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Table 14. Debt Service Account for the Interconnection of pipeline TPP to Novi Beograd 
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4.2.1.3. INCREASE OF SHARE OF RENEWABLES   

Multiple cities in Serbia face similar barriers to modernizing and expanding DH systems, which include lack of 

finance, institutional capacity, buildings’ thermal insulation, holistic planning in cities, resource mapping of 

renewable potentials, renewables and waste heat demonstrations, and technical expertise on renewables, 

PPPs and innovative business models. 

In Belgrade, significant investment of EUR 380 million (USD 443.57 million) is needed for the next 25 years to 

modernize and expand the DH network, diversify fuel sources whilst reducing tariffs to remain competitive. 

The City has significant potential for DH connected solar, geothermal, biomass, and waste heat although these, 

except a small biomass project, have not been developed beyond the pre-feasibility stage due to a lack of 

finance for project feasibility, local technical expertise on renewables and long-term action plan for DH 

identifying specific technologies.  

A full, independent feasibility study and procurement plan for a DH connected low-carbon heat source would 

transfer technical expertise, attract 3rd-party finance, demonstrate costs and viability for future projects and 

accelerate the technology in Belgrade and nationally. Inputs and review from the UN Environment-led DES 

Initiative and partners will ensure international best practices on technology, financing and project 

development are accounted for. The Action Plan for DH in Belgrade that is under-development will ensure 

scale-up of results in the city by identifying replicator projects to build on the demonstration over the next 15-

20 years and increase technical potentials for low-carbon sources through modernization and interconnection.  

This technical assistance builds on components 1 and 2 of the project ‘Increasing Investments in District 

Energy Systems in Cities”, adding the renewable and waste heat sources component which is not covered by 

the GEF project. This technical assistance shall thus help the city identify at least two potential projects of 

renewable and/or waste heat supply to the city’s district heating network. The pre-feasibility studies will 

provide enough techno-economic information to help select a “demonstration project”. The following stand-

alone investment-grade feasibility study will enable the City of Belgrade to enter detailed discussions with 

investors regarding implementation of identified technologies.   

4.2.1.3.1. GEOTHERMAL ENERGY UTILISATION   

A first assessment of geothermal resources has been made in 1989 for all of Serbia and shows that Serbia 

has favourable geothermal characteristics. Serbia can be divided into four geothermal provinces with most 

promising in the Pannonian and Neogen magmatic activation provinces. In Serbia there are more than eighty 

low-enthalpy hydrogeothermal systems and the most important are located at the southern edge of the 

Pannonian Basin. The reservoirs of these systems are in karstified Mesozoic limestones having more than 

500 m in thickness. Geothermal energy in Serbia is used in agriculture, for balneological purposes and for 

space heating by the help of heat exchangers and heat pumps with total installed power of 90 MWt.  

Considering the geologic composition and hydrogeothermal properties of rocks to a depth of 3000 m, in Serbia 

can be identified 60 convective hydrogeothermal systems, 25 of them are in the Dinarides, 20 in the Carpatho-

Balkanides, 5 in the Serbian-Macedonian Massif, and 5 in the Pannonian Basin under Tertiary sediments. 
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Figure 24. Heat flow density map for Serbia region (mW/m2) 

 

 

Figure 25. Map of geothermal resources for Serbia region 
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Utilization of Geothermal Energy 

The most common utilisation of geothermal energy in Serbia are balneology and recreation. Archaeological 

evidence indicates similar utilisation by the ancient Romans in the localities of the presently known spas of 

Vranjska Banja, Niska Banja, Vrnjacka Banja and Gamzigradska Banja. Today there are 59 thermal water spas 

used for balneology, sports and recreation and as tourist centres. Nine mineral water companies also bottle 

thermal waters. Nethertheless the potential is high, the utilization of thermal energy for space heating is under 

slow development. From 1981 was started direct utilization of thermal water from the hydrogeothermal 

system of the Pannonian Basin from 23 wells with total heat capacity of 24 MW. For heating of green-houses 

are used two wells, three wells heats pig farms, two used for industrial process as leather and textile 

production, three wells used for space heating, thirteen wells used for spas, sport and recreation facilities. 

Outside of the Pannonian Basin region the thermal waters are used for space heating in few locations. Forty 

years ago heating was started in Vranjska Banja and thermal water heats hotel, spa, flower green-houses, a 

poultry farm, a textile workshop. In Kursumlijska Banja a hotel and rehabilitation center with a swimming pool 

is heated also. In Niska Banja heat pumps of 6 MW directly utilize thermal waters of 25oC for the hotel and 

rehabilitation centre heating system. In Sijarinska Banja and Ribarska Banja also directly is utilized thermal 

heat for the hotels and recreation centres heating. Carpet industry in Lukovska Banja utilize thermal water. In 

Debrc direct gheothermal water is used for space heating and for drying wheat and other cereals. 

New Approaches in Utilization of Geothermal Energy 

All natural resources in Serbia before 2000 were state owned. Before this period only governmental companies 

could utilize geothermal energy and other natural resources. From the 1988 to 2007 the state investments in 

all geological exploration have decreased from 40 million euros to 1 million euros per year. Starting from 2000 

a new legislation gave a possibility to utilize geothermal energy for all type of companies, so private companies 

started to invest in geological exploration, especially in investigations of groundwater resources and 

geothermal energy. Private companies have drilled wells deeper than 1000 m, have built 25 ha of geothermally 

heated greenhouses and invested about 50 million euros in realization of geothermal projects. 

Future Prospects 

Geothermal energy use in Serbia for power generation can provide a significant component of the national 

energy balance. The prospective geothermal reserves in the reservoirs of the geothermal systems equal to 

400x106 tonnes of thermal-equivalent oil. There is a good potential to use heat pumps on pumped ground 

water from alluvial deposits along major rivers. West of Belgrade westward to the Drina, i.e. Posavina, Srem, 

and Macva have a highest potential for intensive use of thermal waters in aqua-cultures and in district heating 

systems. Reservoirs lie under Neogene sediments and are Triassic limestones and dolomites >500 m thick. 

The priority region is Macva with 400-600 m reservoir depths and 80oC water temperature. Thermal water in 

Macva can provide thermal energy for district heating system in Bogatic, Sabac, Sremska Mitrovica, and 

Loznica covering 150,000 population. The private sector is the main driving force for the utilization of energy 

from geothermal energy resources. 

4.2.1.3.2. SOLAR THERMAL UTILIZATION 

The large potential for solar thermal utilization in Serbia has already been identified. In Belgrade, a pre-

feasibility study has been done on possibilities for solar thermal district heating in two locations, Cerak and 

Batajnica. 
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Figure 26. Site view for solar thermal collectors’ installation in Batajnica 

The Company and IFC have requested to investigate the possibility of introducing solar DH in Belgrade. What 

is common for both locations, Batajnica and Cerak, is the cheap land and the lack of alternative possibilities 

to use any other fuel than solar energy, apart from natural gas. The conclusion for Batajnica and Cerak is that 

the solar heating plant is an interesting solution which should be further examined. 

The solar part would comprise about 10% and it would be an additional backup solution for the operation of 

boilers on natural gas. For Cerak, a larger solar share could be realized with the use of seasonal heat storage 

facilities, where the heat energy collected during the summer months would be used in the winter period.  

The Cerak solar heating project is a major solar district heating project and is much more complex due to the 

seasonal heat storage facility. The Cerak scenario shows better feasibility from the Batajnica project and has 

the potential to expand with a larger field of solar collectors and seasonal heat storage.  

Solar district heating is a low-risk technology, both in terms of technology and work. Commercial risk is limited 

due to low operational costs, including free "fuel". When solar district heating is combined with heat pumps, 

indirect fuel input (e.g. electricity) is obtained. In many locations there are solar district heating plants, 

especially in Denmark, where solar heating combines with other technologies, for example, boilers and heat 

pumps. The seasonal heat energy store is still not so widely used; a large reservoir of heat storage facilities 

proposed for Belgrade was applied to four locations in Denmark. Improvements were made from project to 

project, this technology is considered low-risk technology for which only the design at the given location is 

very important. 

Solar heating is a renewable energy source based on extremely low operational costs (in the range of 1 to 3 

Eur/MWh), which are fixed during the operating life of the facility (it does not depend on the fuel prices in the 

world markets). The price of solar thermal collectors has decreased significantly in the previous several years, 

so that the initial investment now is in the range of 300-400 Eur/kW. The technology of vacuum double glassed 

thermal collectors has been significantly improved and they are very efficient even at low temperatures, which 

enables its application during the entire year. 

Solar thermal utilisation in Cerak location 

The analysis of solar thermal potential in Cerak location in Belgade has been performed. The model includes 

solar thermal system connection to existing DH network with gas boiler. The analysis was based on Belgrade 

weather data considering 212,876 MWh yearly heat energy demand, 57/44o C supply/return temperatures 

during summer and 95/44o C supply/return temperatures during heating season and all year round everyday 

operation. The Cerak location can directly utilise 2 ha of land and additional 4 ha of land can be utilised at the 

south-west fence of power plant. 

In total installed 1,600 solar 12.60 m2 solar panels covering total 20,160 m2 net area (21,712 m2 gross area) 

would require 4,2 ha of land and will utilise 15'314 MWh of thermal energy per year. 
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Figure 27. Solar thermal collector for the Cerak location 

 

Figure 28. Location No.1 of 9,000 m2 and location No.2 of 9,000 m2 in Cerak 



51 
 

 

Figure 29. Location No.3 of 40,000 m2 in Cerak 

  

 

Figure 30. Site view of potential area for solar collectors in Cerak 



52 
 

 

Figure 31. Diagram of monthly actually supplied solar thermal heat (MWh) and solar thermal potential (%) 

 

 

Figure 32. Diagram of monthly heat production by power plant (MWh) and by solar thermal (MWh) 

Table 15. Total energy demand in Cerak and solar thermal production 

Month 
Total heat energy 

demand in Cerak, MWh 
Share from total heat energy 

demand in Cerak, % 
Solar thermal 

production, MWh 
Share of solar thermal 

production, % 

Jan 41,265 19% 440 1% 

Feb 32,281 15% 548 2% 
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Month 
Total heat energy 

demand in Cerak, MWh 
Share from total heat energy 

demand in Cerak, % 
Solar thermal 

production, MWh 
Share of solar thermal 

production, % 

Mar 24,380 11% 1,112 5% 

Apr 13,865 7% 1,485 11% 

May 3,188 1,5% 1,939 61% 

Jun 2,369 1,1% 1,949 82% 

Jul 1,992 0,9% 1,992 100% 

Aug 2,042 1,0% 2,042 100% 

Sep 2,488 1,2% 1,642 66% 

Oct 13,663 6% 1,170 9% 

Nov 29,620 14% 619 2% 

Dec 45,724 21% 376 1% 

Year 212,877 100% 15,314 7% 

Solar panels should be installed on the hammered profiles or concrete blocks on the ground. Each solar 

collector will have 1 balance valve, 1 shut-off valve with drain possibility and will be filled with glycol/water 

mix. The pre-insulated heating pipes should be placed underground between heat exchanger and individual 

collector field. The analysis has been performed with pre-insulated steel pipes. The heat exchanger 15.4 MW 

unit includes expansion valves, valves, particle filter and micro burble deaerator for the primary circuit, 6 bar / 

10 bar safety valves for primary/secondary circuits, by-pass for frost protection in primary circuit, outdoor 

collection tank for glycol, filling pump, flowmeters for primary and secondary circuits, temperature and 

pressure sensors, insulation. 

 

Figure 33. Steel profiles and concrete foundations for solar collectors 

    

Figure 34. Control unit with heat exchanger and other installations 

As the solar thermal system is designed for the high summer yield, the 2,500 m3 non-pressurised storage tank 

with nitrogen buffer at the top from corrosion is designed. It can store up to one day solar production during 

summer period. The seasonal heat energy storage in a pit storage is not foreseen as the seasonal energy cover 

by solar thermal energy makes 7% and that is less than 20% of annual energy demand in Cerak. The seasonal 
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energy storage can be discussed to install if the solar thermal cover makes more than 20% of annual heat 

demand. To cover 20% of annual demand by storage tanks three times bigger site area for solar thermal 

collectors’ installation would be necessary but there is no more land close today.   

   

Figure 35. Storage tank of 2,500 m3 for thermal storage in Cerak 

The control unit based on SCADA system with Ethernet will control solar radiation and temperatures, flow 

meters readings, filling pump data, primary/secondary pumps, storage tank and leakage data. 

Financial assessment of solar thermal installation in Cerak, Belgrade 

The estimated cost of initial investments for solar field makes 5,414,000 Eur, for storage tank 750,000 Eur, 

other costs 420,000 Eur and in total makes 6,311,000 Eur. The financial analysis was performed for project 

duration of 25 years and different 2-6% interest rate scenarios. Different combinations of debt length were 

analysed for 10, 15, 20 and 25 years scenarios. Below in the tables are presented different combinations of 

Debt Service Account and Cash Flow Statement scenarios.  

From these analyses can be concluded that: 

1. The project with 2% interest rate is viable with loans of 15, 20 and 25 years.  

2. The project with 6% interest rate is viable only with 25 years debt length as for 15 and 20 years 

scenarios the total Debt Service and OPEX costs are higher than the project Revenue. 

3. Selecting debt for 15 years, the 25 years project is viable with 3% interest rate without any subsidies 

and having IRR=8%.  

4. Such kind projects usually attract subsidies as they decrease air pollution, increase fuel diversification, 

there is no further fuel price increase due to inflation as the fuel source is solar radiation, so subsidies 

for interest or other type subsidies are desirable. 
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Figure 36. Profit after interest and taxes, Eur 

 

 

Figure 37. Cumulative profit after interest and taxes, Eur 
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Table 16. Debt Service Account for 3% interest and 15-year debt 

 

Table 17. Cash Flow Statement for 3% interest and 15-year loan 

Project duration, years 25

Debt period, years 15

No. Project year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1. Interest rate 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03

2. CAPEX, Eur 6'311'000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2.1. Incremental initial costs for solar field 5'141'000

2.2. Incremental initial costs for the tank 750'000

2.3. Incremental initial costs for the seasonal storage 0

2.4. Other cost 420'000

3. Opening balance, Eur 6'311'000 5'971'679 5'622'179 5'262'193 4'891'408 4'509'499 4'116'133 3'710'967 3'293'645 2'863'803 2'421'066 1'965'047 1'495'348 1'011'557 513'253

4. Repayment of Principal, Eur 339'321 349'501 359'986 370'785 381'909 393'366 405'167 417'322 429'842 442'737 456'019 469'699 483'790 498'304 513'253

5. Closing balance, Eur 5'971'679 5'622'179 5'262'193 4'891'408 4'509'499 4'116'133 3'710'967 3'293'645 2'863'803 2'421'066 1'965'047 1'495'348 1'011'557 513'253 0

6. Interest payment, Eur 189'330 179'150 168'665 157'866 146'742 135'285 123'484 111'329 98'809 85'914 72'632 58'951 44'860 30'347 15'398

7. Total Debt Service, Eur 528'651 528'651 528'651 528'651 528'651 528'651 528'651 528'651 528'651 528'651 528'651 528'651 528'651 528'651 528'651

Project duration, years 25

Debt period, years 15

Project year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 Total

1. Operating revenues, Eur 0 574'428 574'428 574'428 574'428 574'428 574'428 574'428 574'428 574'428 574'428 574'428 574'428 574'428 574'428 574'428 574'428 574'428 574'428 574'428 574'428 574'428 574'428 574'428 574'428 574'428 14'360'704

Cumulative operating revenues, Eur 574'428 1'148'856 1'723'284 2'297'713 2'872'141 3'446'569 4'020'997 4'595'425 5'169'853 5'744'281 6'318'710 6'893'138 7'467'566 8'041'994 8'616'422 9'190'850 9'765'278 10'339'707 10'914'135 11'488'563 12'062'991 12'637'419 13'211'847 13'786'275 14'360'704

2. OPEX, Eur 0 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 765'700

2.1.Land lease, Eur 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2.2.Operation and maintenance 0 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 30'628 765'700

3. Total Debt Service, Eur 0 528'651 528'651 528'651 528'651 528'651 528'651 528'651 528'651 528'651 528'651 528'651 528'651 528'651 528'651 528'651 0 0 0 0 0 0 0 0 0 0 7'929'763

3.1.Repayment of Principal (Capex), Eur 0 339'321 349'501 359'986 370'785 381'909 393'366 405'167 417'322 429'842 442'737 456'019 469'699 483'790 498'304 513'253 0 0 0 0 0 0 0 0 0 0 6'311'000

3.2. Interest payment, Eur 0 189'330 179'150 168'665 157'866 146'742 135'285 123'484 111'329 98'809 85'914 72'632 58'951 44'860 30'347 15'398 0 0 0 0 0 0 0 0 0 0 1'618'763

4. Profit before interest and taxes, Eur 0 15'149 15'149 15'149 15'149 15'149 15'149 15'149 15'149 15'149 15'149 15'149 15'149 15'149 15'149 15'149 543'800 543'800 543'800 543'800 543'800 543'800 543'800 543'800 543'800 543'800 5'665'240

4. Income tax 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

4. Profit after interest and taxes, Eur 0 15'149 15'149 15'149 15'149 15'149 15'149 15'149 15'149 15'149 15'149 15'149 15'149 15'149 15'149 15'149 543'800 543'800 543'800 543'800 543'800 543'800 543'800 543'800 543'800 543'800 5'665'240
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5. SYNERGY WITH BUILDING ENERGY EFFICIENCY  

Combining energy efficiency measures and district energy is often seen in the context of achieving deep 

decarbonisation in the most cost-effective manner. With high levels of energy demand savings on the building 

side through renovation, it can become more cost-effective to pursue sustainable energy supply options, like 

district energy based on renewable energy or excess heat, for the remaining energy demand. 

There are many benefits for owners and occupants of buildings, district energy utilities and public authorities 

that can be gained from combining and integrating the approaches.  

Benefits of an integrated approach for owners/occupants of buildings: 

Supports move to consumption-based billing 

Cost savings 

Alleviation of energy poverty 

Reduced sensitivity to fuel price increases 

Increased comfort 

Health benefits for occupants 

Higher productivity and reduced absenteeism among occupants of commercial buildings 

 

Benefits of an integrated approach for public authorities (including local municipalities and 
regional/national governments) 

Reduced energy bills for public buildings 

Contributes to achieving decarbonisation goals and energy efficiency and renewable energy targets 

Addresses air quality issues 

Prevents increased electricity demand and/or air pollution issues as a result of switches from district 
heating to electric heating or individual stoves 

Alleviates energy poverty 

Economic benefits 

Greater funding sources  

Increased resilience 

Reduced energy imports 
 

Benefits of an integrated approach for the district energy utility: 

Builds customer base without additional cost of extra fuel or increasing generation capacity 

Enables consumption-based billing (without the need for additional generation capacity or increase in 
bills)  

Mitigates potential loss of customers/disconnection due to move to consumption-based billing and the 
resulting potentially higher energy bills 

Reduces costs  

Supports modernisation of the district energy system  

Retains customers and attracts new customers by providing an energy service  

Reduces heat losses 

New business models 

Aligning district energy and energy efficiency is most effective if undertaken through a district approach. An 

integrated approach on the district level will allow for a more cost-effective and faster decarbonisation of the 

building stock. Renovation programmes often target single buildings in a fragmented way and do no exploit 
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the synergies between reducing delivered energy demand and primary energy demand. Shifting the 

perspective to a district system approach would help to capture interdependencies between supply and 

demand, which are traditionally treated individually. Combining the approaches to energy efficiency in 

buildings and the heating system on a district level can effectively match the supply and needs and thus avoid 

unnecessary investments and lock-in effects.  

One of the recommendations of the Belgrade district energy utility’s development strategy is for the City of 

Belgrade to establish a priority programme for renovation of the building stock, at least for buildings connected 

to the district energy system. This would help the utility to achieve its aims of increased efficiency, increasing 

numbers of connections, moving to consumption-based billing, overall decarbonisation and a move towards 

fourth generation district heating. BPIE estimates that a renovation programme focused on renovating the 

buildings connected to the district heating system in Belgrade, which would renovate 100% of these buildings 

by 2050 (and 40% by 2030)2, could reduce the energy consumption of the Belgrade building stock by 51.3 TWh 

between now and 2050. This would also help to foster the needed transition to billing based on actual energy 

consumption per household rather than billing by floor area. Consumption-based billing gives consumers a 

better understanding of their energy consumption and encourages more energy-efficient practices. There is 

concern that introduction of consumption-based billing in the existing (old) residential building stock, and 

particularly considering the number of buildings that are inefficient, would lead to significantly larger bills 

during the heating season. Consequently, many would request to be disconnected, which would reduce the 

efficiency of the system even further and could increase air pollution as a result of greater use of individual 

stoves and/or increase demand for electricity for heating. Renovation of these buildings would not only 

minimise this risk but should reduce energy bills. 

At the same time, the capacity for heat provision that is freed up as buildings become more efficient could be 

allocated to expanding the district heating system to provide heat to more buildings, without the need for 

additional generation capacity. This would also allow for a better integration of renewable and recovered 

energy sources, instead of the current reliance on gas incinerated in heat-only boilers, and facilitate the 

provision of energy at lower temperatures, leading to higher efficiency. This could contribute to a reduction of 

heating bills, and the utility’s ambition to connect a further 200,000 m2 to a more efficient and renewable 

district heating network. 

                                                           
2 It should be noted that the depth of renovation may vary in the buildings renovated, specifically in historic or special 

architectural buildings. 
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Figure 38. Thermal image of a building in Belgrade showcasing poor efficiency 

 


