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Executive Summary 

Background 

This report presents the analyses of the opportunity to set up a biomass based small district heating plant in the 
village of YƻǎǘƻƧŜǾƛŏƛ in Serbia by a fuel-switch from heavy fuel oil to biomass at the existing district heating grid. 
In the second part of the report, the investigation results of the integration of a biomass CHP plant into that district 
heating grid is provided. Both systems are evaluated at a pre-feasibility level in this report. The data collected by 
the local bioenergy working group (LBWG), the assumptions made and the results calculated reflect the initial 
status of the assessed projects.  

The projects described here is expected by the LBWG to become viable. However, it might take a further year to 
substantiate a number of parameters that are sensitive with regard to economic results. There is a strong trade-
off between the district heating price (the economic viability of the plant) and its attractiveness for potential DH 
consumers. To substantiate a hopefully attractive DH price, an investor has to be identified, communication with 
potential consumers has to be intensified, an in-depth heat demand survey has to be conducted and, finally, an 
optimized technical planning and reliable cost surveys have to be performed. As soon as the actual heat demand 
and the cost figures are settled, the levelized cost of the DH generation and the DH price applicable to DH 
consumers can be substantiated. This is when DH consumers can take a decision on long-term connection. As it 
can be the case that fewer consumers connect than expected, the project can fail even at that advanced status.  

Hence, it is hard to predict in an early project phase whether a project is economic viable. The process of 
substantiating economic viability of the proposed centralized biomass projects is documented in the BioVill 
Deliverable 5.4. In the following, background information of the initial status of the projects assessed is given as 
well as the results of the DH and CHP pre-feasibility study are presented. 

Biomass DH plant 

The existing ŘƛǎǘǊƛŎǘ ƘŜŀǘƛƴƎ ǎȅǎǘŜƳ ƛƴ YƻǎǘƻƧŜǾƛŏƛ ǳǎŜǎ ƘŜŀǾȅ fuel oil for heat production to supply households and 
public buildings. This pre-feasibility study analyses the viability of a fuel switch to biomass, i.e. wood chips. Based 
on an increased utilization of the existing DH grid by re-connection of former DH consumers and connection of 
new consumers, the installation of new biomass boilers instead of a refurbishment of the existing oil boilers is 
planned.  

The total annual space heat demand of all 93 consumers was assumed to be around 8,842 MWh/a. The total 
connected consumer peak load is 1.4 MW. For the existing DH grid with a trench length of 2,900 m, losses of 25% 
of heat produced were assumed after reconnection. The DH plant has to compensate the supplied heat load for 
the grid losses. It is also taken into account that the cumulated consumer peak load is never demanded at the 
same time. Considering the assumed grid losses and the simultaneity factor (60% of load is required at one time), 
the district heating plant needs to supply a peak load of approximately 1,120 kW at the boiler fringes. 

The 1,120 kW peak load of the DH plant is not fully covered by wood-chip boilers to allow longer operation of 
smaller, cheaper biomass boilers. Therefore, the capacity of the two new biomass boilers is planned with 500 and 
200 kWth (due to load management and cost optimization reasons), whereas the capacity of one of the two existing 
heavy fuel oil boilers accounts for further 750 kWth (for peak load and back-up purposes). The latter boiler, due to 
sizing of the biomass boilers, will cover less than 10% of the total annual heat supply of the DH grid.  

The total investment sum for the new biomass DH plants adds up to 280,000 EUR (excl. VAT). The refurbishment 
of the existing fossil-fueled plant would need an investment of only 20,000 EUR (excl. VAT). The latter is called the 
fossil-fuelled reference system. Its economics is compared to those of the alternative biomass system. The 
financing of both systems is based on 30% equity from own funds and 70% from a credit line. No investment 
subsidies were included in the analysis. The average cost of capital (WACC, pre-tax) was set to be 3.51% for both 
systems. The biomass costs were assumed with 15.6 EUR/MWh in 2019 (excl. VAT), while the heavy fuel costs 
were set to 40 EUR/MWh (excl. VAT). All outgoing payments and the incoming revenues (DH sale revenues) were 
indexed over service life. 

Fehler! Verweisquelle konnte nicht gefunden werden. shows a comparison of the economic indicators between 
the new biomass DH system and a refurbishment of the existing heavy oil DH system. The levelized biomass DH 
generation costs in 2019 are 48.4 EUR/MWh. The DH generation costs of the fossil-fueled reference system are 
66.8 EUR/MWh. With an assumed DH price of 50.30 EUR/MWh starting in 2019 (first year of operation) and 
increasing with 2% p.a. over the calculated service life of 25 years, the refurbished fossil-fueled DH system does 
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not pay off (amortize) at all. The new biomass DH system amortizes dynamically within 10.5 years. The internal 
rate of return of the biomass DH system reaches 8.66%; the net present value is 56,000 EUR. 

 

Figure 1: Economic Efficiency ς Profitability Calculation Using the Discounted Cash-Flow Method 

Thus, the fuel switch to biomass is beneficial to the DH consumers if the consumers, who would need to reconnect 
and connect newly to the existing DH grid, accept a DH price of 50.3 EUR/MWh for 2019. 

The comparison includes a re-investment of the boilers and the related electric and hydraulic equipment for both 
systems after 20 years of operation (see the development of the cumulated net present value after 20 years of 
operation in the graph above). Even though this is a large investment for the biomass system, it is obvious that a 
new biomass DH system is economically advantageous compared to a refurbishment of the existing fossil-fueled 
DH system. In addition, the new biomass DH system, compared to the refurbished fossil-fueled DH system, avoids 
the thermal utilization of 2.65 GWh/a of heavy fuel oil and the emission of 798 t/a of CO2 (equivalent). 

Biomass CHP plant 

The second part of this report refers to the assessment of the viability of the installation of a biomass CHP plant, 
which injects part of its heat produced into the existing grid of the DH plant assessed before. This assessment is 
based on an Organic Rankine Cycle (ORC) CHP plant with an electrical capacity of 130 kWel and a thermal capacity 
of 630 kWth.1 In the aforementioned scenario including the stand-alone biomass DH plant, two biomass boilers, 
one with 500 kWth and another with 200 kWth, as well as a 750 kWth fuel oil peak/back-up load boiler, have been 
planned. In the newly defined άbiomass DH + biomass CHPέ scenario, the DH plant would have a 170 kWth biomass 
boiler and the 750 kWth fuel oil peak/back-up load boiler, as 630 kWth injected into the grid are delivered by the 
biomass CHP in order to cover 1.12 MW peak load supplied in the DH grid. In this scenario, the following amounts 
of heat derived from biomass would be injected into the DH grid: 

Á 482.1 MWh/a delivered from the biomass boiler, standing in the DH plant 

Á 1,786.8 MWh/a delivered from the biomass CHP (i.e. 2,836 full load hours of CHP operation), which shall 
be located close to a new company, which needs heat during summer and transitional seasons for cold 
or process heat purposes 

 

Assuming the same DH price of 50.3 EUR/MWh sold and heat generation costs of 48.4 EUR/MWh for 2019 for the 
combined DH + CHP plant as for the stand-alone DH plant, the maximum price for the heat directed from the 

                                                                 

1 ORC was selected as it is an efficient CHP technology, especially for smaller plant capacities below 500 kWel. Beyond this 
threshold capacity, the more widespread water steam turbines become viable from an electrical efficiency point of view. 

7045 Discounted Cash-flow analysis (based on VDI 2067) - Results

7046 Biomass Heating System Fossil Fuelled Reference System

7047 Discounted Payback Time 10.5 a Discounted Payback Time > 25,0 a

7048 55,932 EUR -490,953 EUR

7049 8.66 % #ZAHL! %

7050
48.42                    EUR/MWhsold 66.76             EUR/MWhsold

7052 Energy and greenhouse gas related impacts of the bioheat plant Reduction compared to fossil fuelled Ref-System

7053 2,649.3 MWh/a 90.3 %

7054 798.2 t CO 2 -eq/a 89.2 %

7055 -84.4 MWh/a -2.9 %

7057 Figure(s): Development of the NPV for a calculated service life of 25 years - visualization of the dynamic payback time.
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biomass CHP plant into the DH grid would be 33.2 EUR/MWh for 2019. This calculation accounts for less personnel 
and biomass fuel demand and investment at the biomass DH plant compared to the stand-alone biomass DH plant 
scenario.  

A biomass based CHP plant below 1 MW in Serbia currently is granted with a maximum electricity remuneration 
of 13.26 eurocents/kWhel for a period of 12 years. Thus, the biomass CHP plant would have to sell another 1,791.6 
MWh/a of heat on top of that supplied to the existing DH grid (i.e. during summer and transitional seasons) with 
net revenues of 50.3 EUR/MWh in order to become economic viable. If the biomass based CHP plant is able to 
utilize an average of 80% of the heat produced over the year, it would have to run 7,100 full load hours to gain 
the electricity and heat revenues needed for becoming economic viable. The joint stock coƳǇŀƴȅ ά9ƭŜƪǘǊƻƳǊŜȌŀ 
{ǊōƛƧŜέ ό9a{ύ ƛǎ ƻōƭƛƎŜŘ ǘƻ ǘŀƪŜ ƻǾŜǊ ŀƴŘ ǊŜŦǳƴŘ ŀƭƭ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴƧŜŎǘŜŘ ƛƴǘƻ ǘƘŜ ǇǳōƭƛŎ ƎǊƛŘ ǘƘŀǘ ƛǎ ǇǊƻŘǳŎŜŘ ǳǎƛƴƎ 
renewable energy sources.  

It was estimated that the biomass CHP plant would cost about 0.88 million EUR and 20% investment subsidies 
were assumed. The average cost of capital (pre-tax) was set to 4.13%. In the model case a high utilization of the 
plant with 7,100 full load hours of plant operation and 5,680 full load hours of heat sales and net heat revenues 
of 41.7 EUR/MWh on average were assumed. The mixture of electricity and heat production full load hours serves 
an annual fuel conversion efficiency of 60.8% (incl. plant own electricity demand). It was assumed, that the CHP 
plant consumes 13% of the electricity production itself. For the economic assessment, a full cost annuity 
calculation was performed with a calculated service life of 12 years. The biomass costs were set to be 
15.6 EUR/MWh (excl. VAT). All outgoing payments and the incoming revenues (neat heat revenues) were indexed 
over service life. Considering the assumptions made, the economic ŀǎǎŜǎǎƳŜƴǘǎΩ results show that levelized cost 
of electricity in the amount of 12.4 eurocents/kWh (124 EUR/MWh) can be achieved (see Figure 2). 

 

Figure 2: Levelized Cost of Electricity 

The remaining question is, if a commercial heat consumer can be found, who is able to take over an additional 
1,791.6 MWh/a at a price of 50.3 EUR/MWh on top of the heat injected into the existing DH grid. The heat with a 
load of 630 kWhth/h would have to be purchased outside the heating season of the DH grid enabling another 2,836 
full load hours of the CHP during summer and transitional seasons. The municipality hopes that investors of the 
food or wood processing branch, who would need such a quality and quantity of heat and who would pay 50.3 
EUR/MWh, Ŏŀƴ ōŜ ǿƻƴΦ tƻǘŜƴǘƛŀƭ ŎŀƴŘƛŘŀǘŜǎ ŀǊŜ ǘƘŜ ŘƛǎǘƛƭƭŜǊȅ άDƭƻōŀƭέ ŀƴŘ ǘƘŜ ŎƻƭŘ ǎǘƻǊŜ άIƭŀŘƴƧŀőŀ ς Mileta 
aƛǘǊƻǾƛŏέΦ  
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1. Introduction 

1.1 The BioVill Project 

BioVill is a three years project supported by the European Union's Horizon 2020 research and innovation 
programme with a budget of around 1.99 Mio EUR. The project started in March 2016 and is implemented by the 
Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) GmbH in collaboration with eight partners from 
the BioVill target partner countries Croatia, Macedonia, Romania, Serbia and Slovenia, as well as from Germany 
and Austria. 

Many South East European countries have high biomass potentials, but they are often not or only inefficiently 
used for local energy supply and regional economic development. Thus, the overall objective of the BioVill project 
is to support the development of regional bioenergy concepts and the establishment of bioenergy villages in 
Croatia, Macedonia, Romania, Serbia and Slovenia. This will be achieved by identifying suitable biomass value 
chains according to local and regional needs and transferring existing experiences in Austria, Germany and other 
European countries to the South-Eastern European partners. Thereby the market uptake of domestic bioenergy 
supply chains will be increased and the role of locally produced biomass as a main source of energy supply and 
added value for the local and regional economy will be strengthened. 

Core activities of the BioVill project include national and local framework analyses, technological and economic 
assessments of local bioenergy value chains, development of the institutional set-up and energy management 
concepts for the potential bioenergy villages as well as capacity building on financing schemes and business 
models. As a key factor of success, the BioVill project uses a multi stakeholder approach fostering the involvement 
and active participation of the citizens and all relevant stakeholders in the planning and implementation process. 

Major results of the BioVill project will be the initiation of at least five bioenergy villages in the target partner 
countries up to the investment stage for physical infrastructure, the raise of public acceptance and awareness of 
a sustainable bioenergy production and its commercial opportunities as well as increased capacities of users and 
key actors in business and legislation to sustainably manage bioenergy villages and to enact national and EU 
legislation. Altogether, the BioVill project will contribute to the expansion and sustainability of the bioenergy 
markets in Europe and the European Union. 

1.2 Scope of the Deliverable 

The deliverable D4.2 includes seven reports, one per target village, on the opportunities to set-up biomass based 
CHP plants and small DH networks in the seven target villages of the five BioVill partner countries (HR, MD, RO, 
RS, SL). As a part of D4.2, this report presents in detail the results of the analyses and calculations, which were 
done in the target village of YƻǎǘƻƧŜǾƛŏƛ ƛƴ {ŜǊōƛŀΦ The general structure and content of all seven reports is similar, 
but was adjusted to the local conditions by the responsible partner in the partner country.  

Every report presents the specific potential solutions for pooling the heat demand and developing and 
implementing the necessary infrastructure measures to establish a heat-only biomass based DH system for the 
respective target village. In addition, five of the reports also contain an assessment of the potential establishment 
of a biomass based CHP plant, either tailor-made for the specific situation in the target village or as a model, in 
case heat load and especially the annual hours of heat load demand are not sufficient (e.g. > 6.000 h/a) for 
establishing a CHP plant. Furthermore, pre-feasibility statements were made regarding the economic and 
technical viability of the selected solutions, taking into consideration actual costs and saving potentials as well as 
the potential market development. The analyses and calculations were done by the target country partners and 
were ǎǳǇǇƻǊǘŜŘ ōȅ ǘƘŜ !ǳǎǘǊƛŀƴ 9ƴŜǊƎȅ !ƎŜƴŎȅΣ Ƴŀƛƴƭȅ ǳǎƛƴƎ !9!Ωǎ ŎŀƭŎǳƭŀǘƛƻƴ tools and templates.  
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2. Bioenergy Village 

2.1 What is a bioenergy village? 

A bioenergy village is a village, municipality, settlement or community, which produces and uses most of its energy 
from local biomass and other renewable energies. Biomass from forestry, agriculture and waste is used in a 
bioenergy village to generate electricity and heat. This is usually implemented by several technologies of different 
sizes, such as woodchip boilers, pellet stoves, logwood boilers, biogas plants, combined heat and power plants 
using woodchips etc. They usually supply a small district heating grid of the village in order to distribute the heat 
to the consumers. The planning and installation of renewable energy technologies is often accompanied with 
energy efficiency measures. Besides supporting an increased use of renewable energies and its positive effects on 
climate and environmental protection, a central objective of a bioenergy village is to strengthen the local economy, 
as the expenses for energy remain in the region. 

The involvement and participation of a broad range of local stakeholders and consumers is crucial for the success 
of a bioenergy village. Ideally, biomass suppliers and energy consumers are shared owners of the necessary 
installations. The concept to set-ǳǇ ōƛƻŜƴŜǊƎȅ ǾƛƭƭŀƎŜǎ ǿŀǎ ŘŜǾŜƭƻǇŜŘ ǘƘǊƻǳƎƘ ŎƻƴŎŜǊƴŜŘ ŎƛǘƛȊŜƴǎΩ ƳƻǾŜƳŜƴǘǎ 
aiming to contribute in making the energy sector environmental friendlier. Initiatives like Jühnde in Germany, 
Güssing in Austria and Samsø in Denmark are well-known bioenergy villages that contributed to this development. 
Today, several hundred bioenergy villages exist in these countries. 

What are the objectives of a bioenergy village? 

There is nƻ άƻŦŦƛŎƛŀƭέ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ŀ ōƛƻŜƴŜǊƎȅ ǾƛƭƭŀƎŜ ƛƴŎƭǳŘŜŘ ƛƴ ƭŜƎƛǎƭŀǘƛƻƴǎ ƻǊ ǎƛƳƛƭŀǊΦ IƻǿŜǾŜǊΣ ǎŜǾŜǊŀƭ ǇǊƻƧŜŎǘǎ 
and networks describe key parameters of a bioenergy village. The objectives include: 

Á The biomass feedstock is produced locally and in a sustainable way. 

Á The power supply from local renewable energies is at least as high as the energy demand of the village. 

Á The heat is provided by locally produced biomass or other renewable energies. 

Á The business model allows also consumers, farmers and forest owners to become shared owners of the 
installations. 

Á The creation of the bioenergy village is based on a high level of public participation. 

2.2 Background information on YƻǎǘƻƧŜǾƛŏƛ in Serbia 

YƻǎǘƻƧŜǾƛŏƛ ƛǎ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ ƳǳƴƛŎƛǇŀƭƛǘȅ ƻŦ .ŀƧƛƴŀ .ŀǑǘŀΣ ƛƴ ²ŜǎǘŜǊƴ {ŜǊōƛŀΦ YƻǎǘƻƧŜǾƛŏƛ ƛǎ ŀ ǎƳŀƭƭ ǾƛƭƭŀƎŜΣ ōǳǘ ƛǘ Ƙŀǎ 
some urban characteristics and is surrounded by wooded mountains. The local school and 40 households in the 
village are heated by a district heating system based on heavy fuel oil. In the surroundings of the village (e.g. Tara 
Mountains)Σ ǘƘŜ ǘŜǊǊƛǘƻǊȅ ƻŦ ǘƘŜ ƳǳƴƛŎƛǇŀƭƛǘȅ ƻŦ .ŀƧƛƴŀ .ŀǑǘŀ ƛǎ ǊƛŎƘ ǿƛǘƘ ǿƻƻŘǎ ǇǊƻǾƛŘƛƴƎ ƎƻƻŘ ǇǊŜŎƻƴditions to 
replace the crude oil with biomass as main energy source. In addition, a certain number of wood processing 
facilities exist that can be included in the process in a proper way. By using the available local renewable energy 
sources more efficiently and expanding the local district heating system, it is possible to connect more local 
institutions (health centre, library, pharmacy, veterinary station) and 40 additional households to the heating 
system. The local district heating system could be additionally improved through connections with the local 
business sector (producers of beverages, small trade and car repair shops). Further background information on 
YƻǎǘƻƧŜǾƛŏƛ ƛǎ ŀǾŀƛƭŀōƭŜ ƛƴ 5ŜƭƛǾŜǊŀōƭŜ пΦм ƻŦ the BioVill project.  
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3. Fuel Switch of the existing fossil fuelled District Heating Plant 

District heating in the Republic of Serbia exists in 57 cities/municipalities, and their total nominal installed capacity 
is 6,700 MW (Banjac et al. 2015). Produced heat is mainly used in households (56%), after that in industry (33%) 
and eventually in the public and commercial sector (11%). Natural gas is the dominant fuel in district heating plants 
with a share of 76.5%. Heavy fuel oil and fuel oil accounts for 13.2% and coal for 10%. The share of wood fuels 
used in district heating plants is only 0.3%. However, a strategic goal of the Serbian energy sector is the change of 
the structure of fuels used in district heating systems. The reduction of the coal and liquid fuels (heavy fuel oil and 
fuel oil) share in heat production should be followed by increasing the biomass share to 12.1% by 2025.  

A fuel switch in the ŜȄƛǎǘƛƴƎ ŘƛǎǘǊƛŎǘ ƘŜŀǘƛƴƎ Ǉƭŀƴǘ ƛƴ YƻǎǘƻƧŜǾƛŏƛ, i.e. using biomass as a fuel instead of heavy fuel 
oil, is in line with this strategic aim.   

The dƛǎǘǊƛŎǘ ƘŜŀǘƛƴƎ ǎȅǎǘŜƳ ƛƴ YƻǎǘƻƧŜǾƛŏƛ has been operating since 2007 as a part of the public utility cƻƳǇŀƴȅ ά.. 
ǘŜǊƳέ ŦǊƻƳ .ŀƧƛƴŀ .ŀǑǘŀΦ A boiler plant (Figure 3) and a separate warehouse with a 100 t tank for heavy fuel oil 
storage (Figure 4) are located in the local schoolyard. 

 

 

Figure 3: Boiler Pƭŀƴǘ ƛƴ YƻǎǘƻƧŜǾƛŏƛ όϭ {ƭƻōƻŘŀƴ WŜǊƻǘƛŏύ 

 

Figure 4: Warehouse with a 100 t tank for Heavy Fuel Oƛƭ όϭ wŀŘƻǾŀƴƻǾƛŏΣ нлмтύ 

 

 

 

 

 

 

  



BioVill ς D4.2: Report on the opportunities to set up biomass based CHP plants and small district heating networks in  
YƻǎǘƻƧŜǾƛŏƛΣ {ŜǊōƛŀ 

 

 

 13 

 

 

Figure 5: Boilers and BǳǊƴŜǊǎ ƛƴ YƻǎǘƻƧŜǾƛŏƛΩǎ School Boiler Pƭŀƴǘ όϭ wŀŘƻǾŀƴƻǾƛŏΣ нлмтύ 

The total capacity of the boilers adds up to 1.5 MW. There are two άIvarέ boilers with άWeishauptέ burners, each 
with a power of 750 kW (Figure 5). The system regularly operates with one boiler, while the second boiler is the 
reserve in case of failure of the first one. The fuel that is now being used is heavy fuel oil (Low HV = 11.21 kWh/kg). 
The district heating network is 2.9 km long and it is made of reinsulated steel pipes. A sketch of the heating network 
is presented in Figure 6 (the DH pipes are shown by red lines). 

 

 

Figure 6: IŜŀǘƛƴƎ bŜǘǿƻǊƪ ƛƴ YƻǎǘƻƧŜǾƛŏƛ όϭ .. ¢ŜǊƳΣ .ŀƧƛƴŀ .ŀǑǘŀύ 

The system was designed to operate as a water heating system in the 90°/70°C temperature regime. It is a direct 
system without any substation. The system is also not equipped with any measurement devices, neither at the 
side of heat production, nor at the side of heat consumption. The only reliable measurement refers to the fuel 
consumption of the system. Further information on the system is included in D4.1 of BioVill. 

The maximum heating area was 3,474 m2 in the period of 2008-2010. Then, 38 households (2,230.25 m2) as well 
as the local school (1,128 m2), the ambulance (50 m2) and some commercial facilities were connected to the grid. 
The maximum number of ever-connected consumers was 42. However, meanwhile some customers decided to 
switch to individual heating systems, mostly using their own firewood. Presently, only 25 households with an area 
of 1,262.25 m2 (located in one multistorey building with 12 apartments and 13 private owned houses), the local 
school and the ambulance use a centralized heating system. 
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Detailed data about the ŘƛǎǘǊƛŎǘ ƘŜŀǘƛƴƎ ǎȅǎǘŜƳ ƛƴ YƻǎǘƻƧŜǾƛŏƛ ƛƴŎƭǳŘƛƴƎ Řŀǘŀ ŀōƻǳǘ the grid, boilers, consumers and 
fuels are presented in Table 1. The table stems from a heat demand survey Excel file, developed by the Austrian 
Energy Agency. As measured data on the real energy consumption and efficiency of the system are not available, 
the presented data are based on estimates of the local utility, which is the operator of the district heating. 
Therefore, a local expert team the adjusted data about the total heat load of connected consumers and grid losses 
were to more realistic values.  

 

Table 1: Key Figures of the existing District Heating System in YƻǎǘƻƧŜǾƛŏƛ όwŀŘƻǾŀƴƻǾƛŏΣ нлмтύ 

Key Figures District Heating System Unit Data 

Plant name name YƻǎǘƻƧŜǾƛŏƛ DHS 

Data received by name ±ŜƭƛƳƛǊ wŀŘƻǾŀƴƻǾƛŏ 

Grid data   

Start of operation year 2007 

Number of connected consumers - 42 

Heated floor surface area m² 3,461 

Total heat load of connected consumers kW 500 

Max. Flow Temperature °C 90 

Trass length of total district heating grid (half of pipe length) m 2,900 

Max. Return Temperature [°C] °C 70 

District heating grid losses in % of produced heat (of boiler heat 
output) 

% 25% 

Type of main fuel used  Heavy fuel oil 

Total nominal heat capacity of installed boilers (main fuel) kWoutput 1,500 

Nominal capacity of (main fuel) boiler 1 kWoutput 750 

Nominal capacity of (main fuel) boiler 2 kWoutput 750 

Average annual efficiency of main fuel boilers (output/input of 
energy) 

% 90.0% 

Installed hot water storage for buffering district heat demand litres Does not exist 

Consumer data   

Bottom-up energy consumption data  year 2016 

Heat sales data source  Invoice(s) 

Total amount of heat sold to consumers in year 2016 (estimation) MWh/a 680 

Average heat price (incl. VAT) in year 2016 EUR/MWh 48.52 

Share of space heat of total heat sold  % 100.0% 

Share of hot water heat of total heat sold % 0.0% 

Produced total amount of heat in year 2016 MWh/a 800 

Fuel data   

Top-down fuel consumption data of year  year 2016 

Type of main fuel used  Heavy fuel oil 

Measured fuel consumption data available  Y/N N 

Fuel demand data source (main fuel)  Estimation 

Year of fuel consumption (main fuel) year 2016 

Amount of main fuel consumed  kg 80,000 

Lower calorific value (LCV) of main fuel kWh/unit 11.1 

Annual main fuel consumption in year of consumption MWh/a 889 

                                                                 

2 Prices for households only (http://www.bbterm.rs/akta/) 

http://www.bbterm.rs/akta/
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Climate correction   

Heating degree days in year 2016 Kelvin*d 2,892 

Heating degree days at normal (average/trend) climate conditions Kelvin*d 2,761 

Share of space heat of total demand dependent on weather 
conditions  

% 100 

Annual fuel consumption/input corrected for climate conditions MWh/a 849 

Annual heat production/output corrected for climate conditions MWh/a 764 

Annual full load operation of main fuel boilers h/a 509 

Annual heat sales corrected for climate conditions MWh/a 649 

 

From the above-presented data it is evident that the length of the grid is disproportionally high in comparison to 
the heat consumption and that the relative network losses are too high. The current network heat utilization rate 
is unacceptably low and amounts for only 276 kWh/m/a. Moreover, the high price of heavy fuel oil adds to the 
fact that the operation of the district heating system is unsustainable in financial terms. Right from the beginning 
of operation, it generated permanent financial losses. An additional problem with using heavy fuel oil is its environ-
mentally polluting impact.  

A projection of further developing the ŘƛǎǘǊƛŎǘ ƘŜŀǘƛƴƎ ǎȅǎǘŜƳ ƛƴ YƻǎǘƻƧŜǾƛŏƛ includes, besides fuel switch and using 
biomass, reconnecting all previously disconnected consumers to the system, and connecting additional consumers 
without further expansion of the network. This is a possible solution, since in the initial plan for the development 
of the district heating system (DHS) ƛƴ YƻǎǘƻƧŜǾƛŏƛΣ 80 household connections in total were envisaged3. To fulfil this 
plan an additional connection of 38 consumers must be realized. Taking into account that the average size of 
dwelling per household is 97.1 m2 (SORS, 2013) and that the survey conducted in the commercial sector ό/ƻƴƧƛŏΣ 
2017) identified approximately 2,787 m2 of space area that could be connected to DHS, additional 6,477 m2 could 
be connected to the grid.  

The projections of heat demand, heat load and heat area that should be relevant for the district heating system in 
2019 are presented in Table 3. Data about the ŎƻƳƳŜǊŎƛŀƭ ŀƴŘ ǇǳōƭƛŎ ǎŜŎǘƻǊ ƛƴ YƻǎǘƻƧŜǾƛŏƛ ǿŀǎ ǇǊƻǾƛŘŜŘ ōȅ a 
survey of current consumption of heat., the annual heat load of households is about 130 W/m2a (!ŏƛƳƻǾƛŏΣ 
/ǳƪŀƴƻǾƛŏΣ нллс) respectively about 140 kWh/m2 (Government of the Republic of Serbia, 2015). 

  

Table 2: Expected Development of the Heat DŜƳŀƴŘ ƛƴ YƻǎǘƻƧŜǾƛŏƛ 5I{ όwŀŘƻǾŀƴƻǾƛŏΣ нлмтΤ /ƻƴƧƛŏ нлмтύ 

Year 2016 2019 

Households Heat demand (MWh/a) 413 930 

Heat load (kW) 334 814 

Heating area (m2) 2,230 5,920 

Commercial 
and public 
facilities 

Heat demand (MWh/a) 267 941 

Heat load (kW) 185 585 

Heating area (m2) 1,231 4,335 

Total Heat demand (MWh/a) 680 1,871 

Heat load (kW) 519 1,399 

Heating area (m2) 3,461 10,255 

 

                                                                 

3 This information is obtained from t¦/ ά.. ¢ŜǊƳέΦ ! ǇǊƻƧŜŎǘ ŘƻŎǳƳŜƴǘŀǘƛƻƴ ƻŦ the 5I{ YƻǎǘƻƧŜǾƛŏƛ ƛǎ ƴƻǘ ŀǾŀƛƭŀōƭŜΦ  
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4. Pooling of Heat Demand for the Development of New DH Networks 

¢Ƙƛǎ ŎƘŀǇǘŜǊ ƛǎ ƴƻǘ ǊŜƭŜǾŀƴǘ ŦƻǊ ǘƘŜ ǾƛƭƭŀƎŜ ƻŦ YƻǎǘƻƧŜǾƛŏƛΣ ŀǎ ǘƘŜǊŜ ƛǎ ƴƻ design of a new DH networks planned. The 
existing network covers already the zones in the village -, which comprises the more densely populated village 
center with accompanying public, commercial and industrial facilities - with high heat demand. 
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5.  Heat Demand Survey 

5.1 Survey Results for the District Heating Biomass Plant (Fuel switch) 

For optimizing YƻǎǘƻƧŜǾƛŏȰǎ district heating system additional connected consumers are required without expan-
ding the existing district heating network. Therefore, the survey process was directed (1) to previous consumers 
of the district heating system who are currently disconnected, (2) to potential, new consumers of the district 
heating system and (3) to consumers in the commercial sector close to the existing network. 

(1) There are 13 households currently disconnected from the district heating network with a total heating 
area of 968 m2, and one commercial consumer in the same status with a heating area of 50 m2. As the 
main reason for disconnection was the high price of delivered heat, it is reasonable to assume that their 
willingness to reconnect is linked with a more affordable price. This assumption was confirmed at the 
άLƴŦƻ 5ŀȅέ meetings on February 28th and May 5th 2017 ƛƴ YƻǎǘƻƧŜǾƛŏƛΦ  

(2) At the same meetings, the readiness of additional consumers in the zone close to the existing district 
heating system was shown, again in the case that the future costs of delivered heat could be comparable 
with current costs of local heating. It is estimated that the heating area of all households (38) close to the 
district-heating network amounts to approximately 3,700 m2. 

(3) A survey of the commercial sector was conducted by the local stakeholder Eko Frutini doo ό/ƻƴƧƛŏΣ нлмтύ. 
In total 11 companies were polled. For heating of 3,104 m2 these companies spent 435 m3 of firewood, 
720 liters of LPG and 57,624 kWh of electricity in 2017 (see Table 3). 

 

Table 3: Heat Demand of the Commercial SŜŎǘƻǊ ƛƴ YƻǎǘƻƧŜǾƛŏƛ 5I{ ό/ƻƴƧƛŏΣ нлмтύ 

Name of 
commercial facility 

Purpose of the facility 
Heating 

area [m2] 
Ceiling 

height [m] 
Fuel 

Fuel spent 
[unit/year] 

Motel Restaurant & bakery 150 3.5 Firewood 60 m3/year 

Burence s.u.r. Restaurant 150 3 Firewood 50 m3/year 

E
k
o

 F
ru

ti
n

i d
o

o
  

Shop Shop and warehouse 110 2.3 LPG 432 l/year 

Building 1 Offices 200 2,6 -3,6 Firewood 20-25 m3/year 

Building 2 Kitchen & dressing room 60 2.5 Electricity 13.8 MWh/year 

Building 3 Warehouse 60 2.5 LPG 288 l/year 

Global d.o.o. Brandy distilling 820 2.4 Firewood 100 m3/year 

Gods d.o.o. Offices 110 2.5 Firewood 20 m3/year 

Mitrovic Mileta - 
Cold storage 

Offices 54 2.5 Electricity / 

Mif petrol Offices 40 3 Electricity 43.8 MWh/year 

S.t.r. Podmladak Offices 100 3 Firewood 50 m3/year 

Brazil s.t.r. Offices 40 2.5 Firewood 30 m3/year 

S.T.R. Balkan Offices 100 2.5 Firewood 40 m3/year 

Sawmill 
Production 300 3 / / 

Drier and chair production  450 3 Firewood 60 m3/year 

 

By connecting all residential and commercial/public consumers, the total heat area would be over 10,000 m2, with 
a total heat demand of 1,870 MWh per year and a total connected consumer heat load of 1.4 MW. This leads to 
an increase of the network heat utilization rate to 645 kWh/(m grid and year) and represents the maximum that 
can be achieved without further extending the grid length. It is important to emphasize that a further extension 
of the existing grid length (2.9 km of grid trench length) is not an option, as sufficient potential new consumers 
with significant or whole year heat consumption were not identified to justify the necessary investments in a grid 
expansion.  
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5.2 Stocktaking for the Implementation of a Biomass CHP Plant 

The analysis of the energy demand structure indicates that a CHP plant in Kostojevici would not be viable due to 
the lack of significant heat demand in summer. However, in the long-term perspective, there might be possibilities, 
e.g. by integration of additional processing capacities, to set up a CHP. ¢ƘŜ ǾƛƭƭŀƎŜ YƻǎǘƻƧŜǾƛŏƛ ƛǎ ƭƻŎŀǘŜŘ ƛƴ ŀ ǿŜƭƭ-
known fruit production region. This fact could be used to identify an investor willing to invest in a food processing 
line, e.g. jam/marmalade production, with the municipality´s support. Another option would be a fruit or vegetable 
drying facility or a wood processing plant. An assessment of a possible investment in a food processing plant is not 
subject of this analysis. It is a recommendation only of what could be done in order to improve the conditions for 
a future investment in a CHP plant. 

Two potential heat consumers ƘŀǾŜ ōŜŜƴ ƛŘŜƴǘƛŦƛŜŘ ƛƴ YƻǎǘƻƧŜǾƛŏƛΣ ǎǳŎƘ ŀǎ ǘƘŜ ŘƛǎǘƛƭƭŜǊȅ άDƭƻōŀƭέ ŀƴŘ ǘƘŜ ŎƻƭŘ ǎǘƻǊŜ 
άIƭŀŘƴƧŀőŀ ς aƛƭŜǘŀ aƛǘǊƻǾƛŏέΦ In order to use the heat, additional investments would be needed. In the cold store, 
the existing compressor plant needs to be removed and new absorption cooling machines need to be installed. 
And for the distillery, the equipment needs to be changed and the installed technology and current working regime 
need to be adjusted to the use of heat from the CHP plant. The fulfilment of the necessary technological demands 
of the commercial consumers would also require technical adjustments of the DH grid, if heat would be supplied 
via the existing grid (because of required high load gradients etc.), which on the other hand makes the heat 
distribution to households and public building more complex and difficult.  

Another very important issue is the selection of the location of the CHP facility. In case that the CHP plant would 
be located at the distillery or the cold storage, heat losses would be minimal (see Figure 7). Additionally, the CHP 
heat for commercial need would be directly transported to the heat consumers to minimize the complexity of the 
installation. The viability of a CHP plant depends primarily on a balanced heat demand of the existing DH network 
and large processing companies the year around. That would require that the CHP plant would work for 6,000 - 
8,000 h/a and half of the capacity for producing process heat. In order to analyze the potential, an initial feasibility 
assessment quantified the economic viability for the processing companies and the biomass CHP plant (see 
chapter 7).  

 

 

Figure 7: Assumed Location of CHP Pƭŀƴǘ όϭ .. ¢ŜǊƳΣ .ŀƧƛƴŀ .ŀǑǘŀύ 
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6. Techno-Economical Assessment of a Fuel-Switch to Biomass in the existing Centralized 
Heat-Only Plant 

In this chapter, a pre-feasibility study of the economic efficiency of a biomass district heating plant using wood-
chip fired boilers that should replace the existing heavy fuel oil fired boilers is performed. A significant increase in 
the number of consumers and heat consumption, without changes at the existing DH grid, was assumed. In the 
assessed scenario, the district heating plant has a peak heat load of 1.4 MWth and supplies 1.87 GWh/a heat (sold 
energy) to then 93 heat consumers. The existing grid is used without further investment need. This grid has a 
trench length of 2.9 km (equaling a pipe length -flow and return pipes - of 5.8 km).  

6.1 Economic Assessment 

The economic assessment ǿŀǎ ŘƻƴŜ ǿƛǘƘ ǘƘŜ ά.п. .ƛƻIŜŀǘ tǊƻŦƛǘŀōƛƭƛǘȅ Assessment ToolέΣ ŘŜǾŜƭƻǇŜŘ ōȅ ǘƘŜ 
Austrian Energy Agency.4 The investment/cost/price data used for the assessment of the biomass DH system are 
based on Serbian conditions or, in the case where no reliable data were available, estimated values were accepted 
from B4B BioHeat Profitability Assessment Tool ǿƛǘƘ ŀŘŜǉǳŀǘŜ ŜȄǇŜǊǘΩǎ ƳƻŘƛŦƛŎŀǘƛƻƴΦ 

All calculation sheets of the filled-out tool, i.e. the basic technical characteristics, related investments, financing 
and the annual outgoing and incoming payments of a biomass heating system and a technical equal fossil-fueled 
reference system and the results of the assessment are shown as tables in Annex I. 

In the proposed 1.4 MWth biomass DH plant, due to load management and cost optimization reasons, two biomass 
boilers with 0.5 + 0.2 MW should be installed. The existing 0.75 MW heavy fuel oil boiler shall be used as peak load 
and back-up boiler, which would require approx. 9% of total fuel input per year. The basic technical characteristics 
and related investments of the biomass heating system and the fossil-fueled reference system (i.e. a 
refurbishment of the existing fuel oil boiler plant) are given in Table 4 and Annex I. 

During annual biomass DH plant operation 1,870 MWh/a will be delivered to the end consumers, while the total 
heat produced by the plant and injected to the DH grid is 2,493 MWh per year. Taking into account the 83% annual 
boiler efficiency for 91% of this amount of energy production, an amount of 2,734 MWh/a fuel equivalent is 
needed (net calorific value), which are woodchips. This equals 3,200 m³/a of loose or 985 t/a fresh or 590 t/a 
absolute dry wood-chips. For fresh wood-chips, a mixture with equal contents of coniferous wood and non-
coniferous hard and soft wood with moisture of 40% and chipped piece-size P45 was assumed. 9% of the annual 
heat demand is supplied by the back-up fuel oil boiler. This boiler burns about 284 MWh/a (approx. 28,400 l/a) of 
fuel oil with an annual boiler efficiency of 79%. The average annual full-load operating hours of installed biomass 
boilers are 3,241 h/a. The annual energy use efficiency of the entire heating plant (heat sold/fuel input) it is 62%.  

  

                                                                 

4 The tool can be downloaded: http://www.bioenergy4business.eu/bioheat-profitability-assessment-tool/  

http://www.bioenergy4business.eu/bioheat-profitability-assessment-tool/
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Table 4: Technical Characteristics and Investments of a Biomass District Heating System and the fossil-fueled 
Reference System  

 

The total investment for the whole biomass DH system is 280,000 EUR excl. VAT. For comparison (reference 
system) the investment for refurbishment of the existing fossil fuel system are given in the same table. This 
investment includes only some minor improvements in electric, hydraulic and measurement installations. 
Therefore, the proposed investment for the fossil-fueled reference system only amounts to 20,000 EUR (excl. 
VAT). Both, the normally higher up-front investments and re-investments of biomass based heating systems are 
offset by lower outgoing fuel or lower outgoing total annual payments. Investment subsidies, lowering the surplus 
upfront investment, were not taken into consideration as such subsidies do not exist in Serbia5. 

For the first year of operation (2019), a heavy fuel oil purchase price (free heating plant excl. VAT) of 40 EUR/MWh 
and a corresponding wood-chip price of 15.6 EUR/MWh was set. Since a regular biomass market in Serbia does 
not exist yet, the wood-chip price was researched locally (5ƧŀƪƻǾƛŏ Ŝǘ ŀƭΦ нлмр). It is assumed that both fuel prices 
equally increase by 2.0% p.a. for the calculated service life of 25 years (until 2041). 

The outgoing annual fuel payments are calculated to be 54% lower or 68,500 EUR less for the biomass DH system 
than for the fossil-fueled reference system in year 4 of operation (see table above, at the bottom). Although 
biomass DH systems involve higher personnel, service, maintenance and other running costs, the total annual 
outgoing payments are also lower for the biomass DH system, by 23.5% or 32,600 EUR/a (see table above). 

Regarding project financing (details see table below) an equity capital share of 30% was assumed. Both for the 
biomass DH system and for the fossil fuel reference system the equity capital share applies to the net present 
value (NPV) of the full investment, as no subsidy is granted. The NPV includes a re-investment of the biomass and 

                                                                 

5 Available subsidies specialized for RES heat projects generally do not exist (there is a feed-in-tariff for electricity production 
and CHP). The National Fund for energy efficiency announced a public call for projects for implementing energy efficiency 
measures in municipalities in 2014 and 2016. From the 2016 call, 5 RES heat projects got financing or co-financing. There are 
no publicly announced results of the call, and amounts for particular projects are not known. The total sum for all energy 
efficiency and RES projects was 1.3 million EUR from the Serbian state budget  and additional USD 500,000 as foreign donation. 
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fossil fuel boilers of both systems after 20 years of operation. The interest rate for equity, according to the 
expectations of the potential investor, is assumed to be 5% (after tax) for both systems.  

 

Table 5: Financing Parameters of the Biomass District Heating Plant 

 

The equity capital is 128,000 EUR for the biomass DH and 23,700 EUR for the fossil DH system. The loan interest 
rate is 2.5% (effective rate, pre-tax) with a lending period of ten years for the biomass and seven years for fossil 
fuel DH system. Debt capital is 299,000 EUR for the biomass DH system and 55,500 EUR for the fossil fuel reference 
system. 

The profitability assessment is based on a discounted cash-flow analysis (based on cost categories according to 
VDI Guideline 2067) with a calculated service life of 25 years. The main assumptions and results can be seen in the 
Table 6 below. The calculations take care of re-investments of plant components according their technical service 
life and in line with VDI Guideline 2067. Basically, these are a replacement of the boilers and the related electric 
and hydraulic installations. In year 21 of operation, re-investment is assumed to be 200,000 EUR for the biomass 
DH system and 80,000 EUR for the fossil fuel reference system. Theoretically, the technical service life of the plant 
would be extended for another 20 years because of the re-investment. However, the calculated service life is only 
25 years. This period is sufficient to show whether the project is able to finance re-investments by itself or not. 

  

Biomass Heating System

Parameter Unit Input Value Reference Value

Investment Capital Structure

Total initial investment (year 0-3) EUR 280,160

Total investment eligible for subsidy EUR 257,000               91.7%

Investment subsidy share (of eligible investment) - if any 

subsidies are provided
%

30.0%

Investment Subsidy (nominal) EUR 0

Investment subsidy payment year year -                      < 6

Equity Capital Share (equity capital related to calculatory 

total investment minus subsidy)
%

30.00% 30.0%

Total calculatory investment (present value) EUR 426,933

Investment Subsidy (present value) EUR 0

Equity Capital EUR 128,000              128,080                

Debt Capital (long-term) --> Pls. press the button to re-

calculate EUR 298,933

Debt Captial Conditions

Long term Loan - effective interest rate (after tax) % p.a. 2.13%

Long term Loan - lent term a 10                       15                        

Long term Loan - effective interest rate (pre-tax) % p.a. 2.50% 3.00%

Long term Loan - annuity (interest + redemption) EUR/a 34,156

Equity Capital Conditions

Cost of equity Capital (interest rate) - after tax % p.a. 5.00% 5-8%

Tax rate % p.a. 15.00% 25.00%

Cost of Equity Capital  (interest rate) - pre-tax % p.a. 5.88%

WACC pre-tax % p.a. 3.51%

Total calculatory investment (present value)

0.0%

30.0%

70.0%

Investment Subsidy
(present value)

Equity Capital
qDebt Captial
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Table 6: Cash-flow analysis and energy and greenhouse gas related impact of the bio-heat plant 

 

 

The heat sales price was assumed to be 50.3 EUR/MWh6 (excl. VAT) in 2019 (1st year of operation) and was set to 
increase by 2% p.a., to compensate at least for the inflation rate. That means that the development of incoming 
payments (from DH sales) is exactly the same for both systems compared.  

Based on the assumptions shown in detail in Annex I of this report, for the biomass DH system heat generation 
costs of 48.46 EUR/MWh were calculated, compared to 66.76 EUR/MWh for the fossil fuel reference system (see 
above). This corresponds to (dynamic) discounted payback times of 10.5 years (biomass DH system) and over 25 
years (fossil-fueled reference system). The net present value (NPV) of the biomass DH system is 55,900 EUR and 
the internal rate of return is 8.66%. The graphs above show the development of the cumulated NPV for a 
calculated service life of 25 years. It is evident that relatively high investment and debt capital conditions take the 
NPV in slightly negative values for the period of debt return. Therefore, even a small percentage of investment 
subsidies would significantly reduce the payback period. However, also without subsidies, constant revenues 
would enable necessary re-investments after 20 years of operation. 

Further positive aspects of the biomass DH systemΩǎ greenhouse gas emissions: 

Á The biomass DH system saves 90.3% of the fossil energy input (in MWh) and therefore avoids 798.2 t CO2-

eq/a compared to the fossil fuel DH system (Table 6). 

The reduction/ avoidance of greenhouse gas emissions and other positive effects of a biomass fueled DH system 
(e.g. on the local economy, energy system security and energy system resilience) are not considered in the 
economic calculations to establish a level playing field (e.g. by investment subsidies, CO2-taxes) with a fossil fuel 
DH system. Table 7 presents the annual cash flow calculation of the biomass district heating system. 

                                                                 

6 Average between price for households and price for commercial consumers (http://www.bbterm.rs/akta/) 

http://www.bbterm.rs/akta/
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Table 7: Biomass System ς Results of the Dynamic Cash Flow Calculation 

 

 

Appendix 1 - Biomass System - Dynamic Cash Flow Calculation Results

Year 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Year nb. (0=Construction) 0 1 2 3 4 5 6 7 8 9 10 11 12

RECEIPTS (Incoming payments)

Receipts from heat sales 2.00% 95,942 97,861 99,818 101,815 103,851 105,928 108,047 110,207 112,412 114,660 116,953 119,292 

Other Receipts (if any)

SUM 95,942 97,861 99,818 101,815 103,851 105,928 108,047 110,207 112,412 114,660 116,953 119,292 

PAYMENTS (Outgoing)

Biomass fuel 2.00% 43,498 44,368 45,255 46,160 47,084 48,025 48,986 49,965 50,965 51,984 53,024 54,084 

Fossil fuel 2.00% 11,589 11,821 12,057 12,299 12,545 12,795 13,051 13,312 13,579 13,850 14,127 14,410 

Electricity 2.00% 3,413 3,482 3,551 3,622 3,695 3,769 3,844 3,921 3,999 4,079 4,161 4,244 

Rent for land use 2.00%

Staff 2.00% 1,275 1,301 1,327 1,353 1,380 1,408 1,436 1,465 1,494 1,524 1,554 1,585 

Repair & maintenance 2.00% 6,089 6,211 6,335 6,462 6,591 6,723 6,858 6,995 7,135 7,277 7,423 7,571 

Other running cost (insurance etc.) 2.00% 2,143 2,186 2,230 2,274 2,320 2,366 2,414 2,462 2,511 2,561 2,613 2,665 

Capital expenditures (interest & redemption) 34,156 34,156 34,156 34,156 34,156 34,156 34,156 34,156 34,156 34,156 

SUM 102,164 103,524 104,912 106,327 107,770 109,242 110,744 112,276 113,838 115,432 82,902 84,560 

FLOW TO EQUITY

Flow to Equity (nominal values) -6,222 -5,663 -5,093 -4,512 -3,919 -3,314 -2,698 -2,068 -1,427 -772 34,051 34,732 

Flow to Equity - discounted with cost of equity (pre-tax) 5.88% -5,876 -5,051 -4,291 -3,590 -2,945 -2,352 -1,808 -1,309 -853 -436 18,158 17,492 

INVESTMENT

Initial Investment 280,160 

Future oter investment (incl. Re-Investment)

SUM 280,160 

Investment - Inflation Adapted (inflation adaption rate) 2.00% 280,160 

Investment - discounted with WACC 3.51% 280,160 

LOAN AND SUBSIDY

Loan 298,933 

Subsidy / Grant

SUM 298,933 

Y0t - discounted with interest rate for debt (pre-tax) 2.5% 298,933 

NET PRESENT VALUE

Cumulated Net Present Value 18,773 12,897 7,846 3,555 -35 -2,980 -5,332 -7,140 -8,449 -9,302 -9,738 8,420 25,913 

Year 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043

Year nb. (0=Construction) 13 14 15 16 17 18 19 20 21 22 23 24 25

RECEIPTS (Incoming payments)

Receipts from heat sales 2.00% 121,678 124,111 126,594 129,126 131,708 134,342 137,029 139,770 142,565 145,416 148,325 151,291 154,317 

Other Receipts (if any)

SUM 121,678 124,111 126,594 129,126 131,708 134,342 137,029 139,770 142,565 145,416 148,325 151,291 154,317 

PAYMENTS (Outgoing)

Biomass fuel 2.00% 55,166 56,269 57,395 58,542 59,713 60,908 62,126 63,368 64,636 65,928 67,247 68,592 69,964 

Fossil fuel 2.00% 14,698 14,992 15,292 15,598 15,910 16,228 16,552 16,883 17,221 17,565 17,917 18,275 18,641 

Electricity 2.00% 4,329 4,416 4,504 4,594 4,686 4,780 4,875 4,973 5,072 5,174 5,277 5,383 5,490 

Rent for land use 2.00%

Staff 2.00% 1,617 1,649 1,682 1,716 1,750 1,785 1,821 1,857 1,895 1,932 1,971 2,011 2,051 

Repair & maintenance 2.00% 7,723 7,877 8,035 8,196 8,359 8,527 8,697 8,871 9,049 9,229 9,414 9,602 9,794 

Other running cost (insurance etc.) 2.00% 2,718 2,772 2,828 2,884 2,942 3,001 3,061 3,122 3,185 3,248 3,313 3,380 3,447 

Capital expenditures (interest & redemption)

SUM 86,251 87,976 89,735 91,530 93,361 95,228 97,133 99,075 101,057 103,078 105,139 107,242 109,387 

FLOW TO EQUITY

Flow to Equity (nominal values) 35,427 36,136 36,858 37,595 38,347 39,114 39,897 40,694 41,508 42,339 43,185 44,049 44,930 

Flow to Equity - discounted with cost of equity (pre-tax) 5.88% 16,851 16,233 15,638 15,065 14,512 13,980 13,468 12,974 12,498 12,040 11,598 11,173 10,763 

INVESTMENT

Initial Investment

Future oter investment (incl. Re-Investment) 200,000 

SUM 200,000 

Investment - Inflation Adapted (inflation adaption rate) 2.00% 303,133 

Investment - discounted with WACC 3.51% 146,773 

LOAN AND SUBSIDY

Loan

Subsidy / Grant

SUM

Y0t - discounted with interest rate for debt (pre-tax) 2.5%

NET PRESENT VALUE

Cumulated Net Present Value 42,764 58,997 74,635 89,699 104,212 118,192 131,659 144,633 10,358 22,398 33,996 45,169 55,932 
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Figure 8 presents the development of the outgoing payments over the calculated service lifetime of 25 years. 
The bottom pie charts show the outgoing payments for the column of year four of operation (in this case 2022) 
for both systems. In the right pie chart can be seen that 92% of all outgoing payments of the fossil fuel 
reference system are related to fuel payments. This is an expected result, as this system uses old boilers and 
mostly existing equipment. And it means that the fossil fuel system is more vulnerable for fuel price increases. 
In the case of the biomass DH system, the share of fuel payments is 55% (43% for biomass plus 12% for fuel 
oil). This means that price increases for heating oil have a much greater effect on the heat production costs 
than would be the case with biomass in the case of fuel costs would rise by the same percentage. That means 
that the biomass system in that case is much more resilient to fuel price increases regarding heat production 
costs than the technically equivalent fossil-fueled system. In the cost structure of the biomass DH system, the 
share of capital expenditures is significant and amounts to 32%. Therefore, investment subsidies for biomass 
DH systems might be a significant stimulating factor for an investment. 

 

 

Figure 8: Development and Share of Outgoing Payments 

For the fossil-fueled DH system, a purchase price for heavy fuel oil of 40 EUR/MWh LCV is assumed for 2019 
(excl. VAT), which is the average value of prices over the last ten years (figure below). It is assumed that this 
purchase price increases by 2% p.a. from 2019 to 2043. 
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Figure 9: Price fluctuations of Heavy Fuel Oƛƭ όwŀŘƻǾŀƴƻǾƛŏΣ нлмтύ 

The heavy fuel oil price mainly depends on the oil price on the international market. Therefore, it can be 
expected that in the future the price of this fuel will continue to be unpredictable and volatile. The marginal 
price of heavy fuel oil which is necessary that the existing fossil fuel DH system starts to operate economically 
(without initial investment costs and including re-investment cost) is around 29 EUR/MWh (this would 
correspond to a decrease of 27.5%). However, even in this case, the calculatory heat generation costs of the 
biomass DH system (as the peak load fuel is heating oil) are lower and amount only to 46.8 EUR/MWh 
compared to 49.5 EUR/MWh for the fossil fuel system. Furthermore, the biomass DH system is relatively 
resilient to an increase in the price of heavy fuel oil, since oil is only needed for the peak energy production 
and amounts only to 9% of the total annual fuel demand of the system. With a maximal price of heavy fuel oil 
recorded in the last ten years (58 EUR/MWh), the necessary heat price increase would be only 1.8% to provide 
a positive NPV. 

If the same volatility rate of heavy fuel oil (-27.5% and +45%) is applied to the biomass price, the resulting 
calculatory heat generation costs would reach 42.19 EUR/MWh and 58.72 EUR/MWh. This is, in the first case, 
13% below the originally heat generation cost of 48.42 EUR/MWh of heat sold in 2019, while in the second 
case this is 21.2% beyond originally cost. 

The calculations show that the fossil fuel system is more vulnerable to fuel price increases than a biomass DH 
system. In addition, the biomass DH system shows also a significant resilience to changes in the biomass prices. 

For both systems, a re-investment of plant components according to their technical service life is considered. 
The biomass DH system achieves its first positive NPV after 10.5 years of operation (in 2030). Thus, in 2039 
when the re-investment becomes necessary, the plant has gained enough reserves to finance the necessary 
investment costs. Municipalities as investors might get along with both, a lower equity share (originally 30%) 
and lower interest for equity (originally 5%). In case of an equity share of 25% and an interest for equity of 4%, 
for both systems, the cash flow calculation shows the following result (Table 8).  
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Table 8: Economic Efficiency ς Profitability Calculation using the Discounted Cash-Flow Method 

 

 

6.2 Results of the Economic Assessment 

¢ƘŜ ŘƛǎǘǊƛŎǘ ƘŜŀǘƛƴƎ ό5Iύ ǎȅǎǘŜƳ ƛƴ YƻǎǘƻƧŜǾƛŏƛ uses heavy fuel oil for heat production to supply households and 
public buildings. This pre-feasibility study analyses the viability of a fuel switch to biomass, i.e. wood chips. 
Based on an increased utilization of the existing DH grid, by re-connection of former DH consumers and 
connection of new consumers, the installation of new biomass boilers instead of a refurbishment of the existing 
oil boilers is foreseen. The capacity of the two new biomass boilers is planned to be 500 kWth and 200 kWth 
(due to load management and cost optimization reasons) and the capacity of one of the two existing heavy 
fuel oil boiler accounts for further 750 kWth (for peak load and back-up purposes). The latter boiler due to sizing 
of the biomass boilers would cover less than 10% of the total annual heat supply of the DH grid. The whole DH 
plant covers 1.4 MW peak load and delivers 1,870 MWh/a heat sold to 93 DH consumers. The total investment 
sum for the new biomass DH plants adds up to EUR 280,000 (excl. VAT). The refurbishment of the existing 
fossil-fueled plant would need an investment of EUR 20,000 (excl. VAT), only. Financing in both cases is based 
on 30% equity from own funds and 70% from a credit line. No investment subsidies are foreseen in the analysis.  

Table 6 shows a comparison of economic indicators between the new biomass DH system and a refurbishment 
of the existing heavy oil DH system. The calculatory biomass DH generation costs in 2019 are 48.4 EUR/MWh. 
The DH generation costs of the fossil-fueled reference system are 66.8 EUR/MWh. With a DH price of 
50.30 EUR/MWh, starting in 2019 (1st year of operation), increasing with 2% p.a. over the calculated service 
life of 25 years, the refurbished fossil-fueled DH system does not pay off (amortize) at all. The new biomass DH 
system amortizes (dynamically) within 10.5 years, despite higher investment. The internal rate of return of the 
biomass DH system reaches 8.66%; the net present value is EUR 56,000. That means that the fuel switch to 
biomass is beneficial to the DH consumers, if the consumers which would need to reconnect and connect 
newly to the existing DH grid, would accept a heat price of 50.3 EUR/MWh for 2019.  

The comparison includes a re-investment of the biomass and fossil fuel boilers of both systems after 20 years 
of operation. Due to these facts, it can clearly be seen that a new biomass DH system is economic advantageous 
compared to a refurbishment of the existing fossil-fueled DH system. In addition the new biomass DH system, 
compared to a refurbished fossil-fueled DH system, avoids the thermal utilization of 2.65 GWh/a of heavy fuel 
oil and the emission of 798 t/a of CO2 (equivalent).  

All details of the economic assessment can be seen in Annex I. 


















































