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TASK 1 
 

Analysis of the available biomass energy resources  
in Municipality of Bor 

 
In this section – Task 1, it was necessary to realize the research of the literature and 
field work and the results show in a separate section of the report 
 

In Task 1 need to do a detailed analysis biomass resources and potential as follows: 

 Provide an estimation of potential amount (quantity) of biomass available from 
forest, wood industry, agriculture and food industry, which can be used for 
energy purposes and disaggregate per ownership type that do not have 
damaging consequences for the environment;  

 Define dynamics and form of collecting biomass; 

 Propose location and storage methods for collected biomass; 

 Calculate costs of biomass to be used for heat energy production; 

 Provide range of options for biomass utilization for energy purposes; 

 Provide an estimation of thermo-energy potentials of actual biomass potentials 
and energy crops (including environment impact aspects). 

 

In this report the problem occurred which have not yet been precisely defined objects 
to be heated by biomass. Depending on the location of facilities will be selected from 
the available potential of biomass species and their forms. All other items for 4 
municipal are made and are summarized as follows: 

1.1. Analysis of available biomass resources in the municipality of Bor 
and quantitative aspects of thermal energy that can be used for 
energy purposes 

Municipality of Bor is located in the eastern part of Serbia, i.e. in Timočka Krajina. 
The center of the Municipality is the town of Bor. This municipality is one of the 
largest in Serbia with total area of 856 km2. In the 2002 census, the population of the 
Bor municipality numbered 55,817 residents in 14 locations. Bor municipality includes 
the town of Bor and the following villages: Brestovac, Gornjanje, Donja Bela Reka, 
Zlot, Krivelj, Luka, Metovnica, Ostrelj, Slatina, Tanda, Topla i Sarbanovac. 

The municipality has 6 primary schools and 4 high-schools.  

The population of the Bor municipality is composed of different nations: Serbs, 
Romanians, Roma and others.  

Total road lenght in the Bor municipality is 396 km, of which 259 km with modern 
base.  
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This municipality is placed in the eastern part of Serbia, near the Bulgarian and 
Romanian border, in northern Carpathian zone, on the average altitude of 378 m and 
lays in the basin of Borska river. The position of the municipality is characterised by 
valley area, surrounded by branches of southern Carpathian Mountains. 37,1% of the 
teritory is forest land with abundance of diverse fauna.  

In 1903, as the result of a research, financed by Djordje Vajfert, and conducted under 
organisation of Czech engineer Franja Sistek, the first mine was opened in Bor. This 
was the key moment in development of Bor, which quikly started to develope. 
Between 1933-1940 the mine became one of the largest copper and golden mine in 
Europe. 

Beside exploatation of copper ore deposits, metallurgical processing and production 
of blister and electrolytic copper and accompanying metals, a number of other 
processing capacities were built in the municipality, and industrial production of other 
municipalities in Serbia was based on them.  

Concerning that the development so far has been based on the mining and 
metalurgy development, the economy of Bor municipality has stayed dominantly 
monostructural. Obsolete techology, lower cost of copper on the world market, low 
percentage of copper in the ore inself and isolation that Serbia went through recently 
led to significant production reduction, real decline of standard and purchasing 
power, increase of unemployment, redundant labour due to initialized proces of 
mining and smelting basin Bor restructuring, slow process of privatization and non-
defined property aspects.  

One of the most important specificity of this municipality, which is characteristic for 
areas with developed industry, is high level of environmental pollution.  

Today, the municipaliti of Bor is facing significant problems: requests and uncertainty 
of transitional changes, economy restructuring and diversification, unemployment, 
environmental pollution and long-term soil and water degradation as a consequence 
of mining. At the same time, new perspectives are opening in the field of tourism, 
agricultural production and development of small and medium enterpreneurship.  

Crops that thrive in this area are: corn, wheat, barley, rye, oat, triticale, soy, 
sunflower, oilseed rape and suggar beet. 1.736 ha of land is planted in corn, 1.574 
ha in wheat 357 ha in barley and 189 ha in oat. Other crops are planted in less than 
100 ha. Total area with planted crops is 3.940 ha.  

It is estimated that total amount of agricultural biomass from this area can be 12.130 t 
per year. An average cost of biomass is 31,73 euros/t. An average heating power of 
biomass is 14.000 kJ/kg. If we convert this total amount of biomass into energy we 
would get 167.056.705 MJ. Since heating power of diesel fuel is 41 MJ/kg, it means 
that with this amount of biomass we can substitute 3.056 t of diesel fuel per year. In 
order to convert this amount of fuel into equivalent amount of fuel oil, the heatig value 
of fuel should be corrected and calculated with 41.866 MJ/kg. Thus we get a bit less 
equivqlent amount of fuel oil - 2.993 t. If we take that the cost of diesel fuel is 1,21 
euros/l, i.e. 1,42 euro/kg, we get 4.339.520 euros per year. Of course that, from a 
various reasons, all of the agricultural biomass is can not be used as heating energy: 
a certain amount of biomass must be plowed in order to increase fertility of the soil, 
one part of the biomass is used as bedding in animal husbandry, one part is used in 
vegetable growing etc. It is estimated that 25% of the biomass could be used for 
heating purposes every year. That is amount of 3.033 t of biomass or expressed in 
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equivqlent amount of fuel oil it is 748 t. If this value is convert in euros it shows a 
saving of 1.062.160 euros per year.  

At the region of Bor people grow vine and frut-trees: apples, pears, apricots, cherries, 
peaches, plums and walnuts. 321,2 ha of land is planted in fruit-trees, of which 230,6 
in plums and 65,3 ha in apples, and 97 ha in vines. It is estimated that by fruit and 
vine pruning, 346,4 t (2,46 t/ha) of residues could be gained every year. If we take an 
average value of residue heating power of 15.500 kJ/kg than we can get an energy 
value of 5.389.049 MJ. With this amount of energy we can substitute 98,58 t of diesel 
fuel, i.e. 96,54 t of equivalent fuel oil. That meens that with fruit-trees and vine 
residues 137.087 euros could be saved every year. Since total amount of residues 
can not be collected we could count that savings can be 50%, i.e. 68.544 euros per 
year.  

It is known that from animal husbandry we can get manure that could be used for 
biogas production, as well as for soil fertilization. In this area people breed cattle, 
swine and poultry. There are 7.084 head of cattle, 2.694 swines and 500.000 poultry. 
If we convert this number of head of cattle into conditional head of cattle (CH) than 
amount is 6.354 CH. This number of cattle can produce 3.048.176 Nm3 of biogas per 
year (479,73 m3/CH). If we take in account that the heatig power of biogass with 65 
% of methan is 23,66 MJ/Nm3, i.e. 35,8 MJ/kg of gas, we get the biogas energy value 
of 72.119.840 MJ. This amount of energy can substitute 1.583 t of diesel fuel or 
expressed in equivalent fuel oil 1.550 t. Thus with this amount of biogas 2.201.000 
euros could be saved per year. Of course, total amount of manure can not be used 
for biogas production: because of direct fertilization of soil, complexity of producers, 
dissipation etc. It is estimated that 25% of total manure amount could be used for 
heating purposes. In that case the savings would be about 550.250 euros per year. 

In the municipality of Bor predominate growing of forests and forestry habitat in 
private ownership, which occupy an area of 31.758 ha, with an average volume of 
138,6 m3/ha, i.e. total volume of 4.401.659 m3. Volume growth of wood is 4,3 m3/ha. 
It is estimated that during lumbering wood residues are 0,58 m3/ha, i.e. total of 
18.419 m3 per year. About the same amount of residues is gained after wood 
processing. That is amount of 17.800 m3 per year. If we multiply this amount of wood 
of 18.419 m3 with pouring mass of 750 kg/m3, we get the amount of 13.814 t of wood. 
Residues after wood processing have the pouring mass of 375 kg. In this way we get 
the amount from wood processing of 6.675 t. Total amount of residues is 20.489 t 
every year. Heating value of wood residues is 15.500 kJ/kg. On the base of this data, 
we can get the total energy value of wood residues, which is 317.579.500 MJ. This 
amount of energy can substitute 7.745,8 t of diesel fuel, i.e. equivalent fuel oil of 
7.586,7 t. With this amount of wood residues, 10.773.114 euros can be saved per 
year. If only 25% of this sum can be saved that would be 2.693.279 euros every year. 

Thus, by using agricultural and forestry biomass total saving per year in the 
municipality of Bor could be: crop farming biomass 1.062.160 euros, fruit and vinery 
biomass 68.544 euros, animal husbandry biomass 550.250 euros and forestry and 
wood processing biomass 2.693.279 euros, i.e. the total of 4.374.233 euros per year. 

At the end, we can 25% of total biomass energy value of 141.883.536 MJ convert 
into MWh. That would be 39.412 MWh. If the thermal plant for heating energy 
production works 6 months a year, i.e. 4.320 hours, then the power of the plant would 
be 9,1 MW. Of course, in the case that total power of the plant is not used during 
whole year, just during months with lower temperature. That is the reason why would 
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biomass consumption be less than 25%, so it could be used for new plants or some 
other needs. We can conclude that the municipality of Bor could have enough 
biomass for thermal plant work of 12 MW. 

The share of major crops in the municipality of Bor sowing structure is shown in 
Table 1 and Fig. 1.  

Table 1.  Summary of biomass quantity from crops and industrial plants in the 
municipality Bor 

Crop Sown area
The 

average 
yield 

Price of 
biomass

Thermal 
power 

Annual energy 
available 

Annual possibility
of substitution of 

diesel fuel 

Tons 
ekvival. oi

 (ha) (t/ha) (EUR/t) (MJ/t) (MJ) (t) (toe) 

Corn 1736,0 3,6 6249,4 13500 84367495,6 1749,1 1712,9

Wheat 1574,1 2,8 4407,3 14000 61702787,4 1279,2 1252,7

Barley 356,8 2,4 846,6 14200 12021053,7 249,2 244,1

Rye 17,9 1,9 66,5 14000 930360,1 19,3 18,9

Oats 189,8 1,8 336,0 14500 4871938,4 101,0 98,9

Triticale 59,8 3,6 217,2 14000 3040267,2 63,0 61,7

Soybean 0,4 1,9 1,6 15700 25522,7 0,5 0,5

Sunflower 3,7 0 0,0 14500 0,0 0,0 0,0

Rapeseed 1,5 1,8 5,6 17400 97280,0 2,0 1,9

Sugar beet 0,4 0 0,0  0 0,0 0,0

Total: 3940,3  12130,3  167056705,2 3463,4 3391,7
 
The share of major crops in the municipality of Bor sowing structure is shown in Fig. 
1. 

 

Fig. 1. The share of major crops in the municipality of Bor sowing structure 

 
The ratio of energy resources of the featured crop is shown in Fig. 2. 
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Fig. 2. Ratio of energy resources of the displayed municipality Bor crops 
 

The ratio of energy resources in the municipality of Bor is shown in Figure 3. 

 

Fig. 3. The ratio of energy resources in the municipality of Bor 

1.2. Type, form and price of available biomass as an energy source  

According to data about available potentials of biomass and its structure, mentioned 
in chapter 1.1, we may conclude that the main quantity of biomass in Bor municipality 
may be collected from agricultural and forest production. They have more than 
sufficient potentials for public facilities heating. 

The calculation of prices of different sorts and forms of biomass, which is used for 
making enough energy in these facilities, is formed according to expenses existing, 
from collecting biomass to its burning in the facilities. 

 Four different systems are analyzed here: 

o classic bales (small, conventional), weight: 10-12 kg each, 

o roll bales, weight: 80-150 kg each, 

o large prismatic bales, weight: 250-300 kg each, 

o big square bales, weight: 500 kg each; 

 Briquette, weight: 400 g each, 

 Pellets of agricultural biomass, weight 20 gr each; 

 Chippings of the forests cutting and of the 2nd class fire wood, weight: 20 g 
each; 
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 Pellets of the remains of the forests cutting and 2nd class fire wood, weight: 
20g, each. 

The modular prices of different forms of bales are given in the following Table 2, with 
biomass that is available according to adequate mechanization used in Serbia: 

Table 2. Prices of different forms of biomass bales  

Expenses of 
biomass bale 
preparation 

Small prismatic 
bale 

Roll bales Large prismatic 
bales 

Big square 
bales 

10 – 12   
kg/kom 

120 – 160 
kg/kom 

250–300 
kg/kom 

500    
kg/kom 

Straw price 0,5 0,5 0,5 0,5 

Pressing 1,2 1,1 1,2 1,2 

Loading 0,6 0,5 0,5 0,4 

Shipping 
0,5 

do 30 km 
0,6 

do 30 km 
0,6 

do 50 km 
0,5 

do 100 km 

Unloading and 
stacking 

0,6 0,5 0,5 0,4 

Handling 0,1 0,1 0,2 0,2 

Total price of 
biomass 
(din/kg) 

3,5 3,3 3,5 3,2 

 

The prices of different biomass preparation are: 

 Briquette - 400 gr/kom 

 Price of straw bale    3,0–3,4 din/kg  

 Mulching           2,0 din/kg  

 Pressing              5,0 din/kg  

 Packing               1,5 din/kg  

 Storage              1,0 din/kg  

 Shipping                     2,0 din/kg, to 300 km  

        Total:    14,5 do 14,9 din/kg 
 

The pellets from agricultural biomass - 20 gr/kom 

 Price of straw bale     3,0 to 3,4 din/kg 

 Mulching           2,5 din/kg 

 Pressing              6,0 din/kg  

 Packing               1,0 din/kg 

 Storage              0,5 din/kg  

 Shipping                     3,0 din/kg, to 200 km 

     Total:    16,0 do 16,4 din/kg 
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Chips from waste wood from the forest and cut fire wood second class - 20 gr/kom 

 The starting material  2,7 din/kg 

 Transport to storage  1,6 din/kg 

 Chipping   1,8 din/kg 

 Storage    0,8 din/kg 

 Transport to furnace  1,0 din/kg  

     Total:    7,5 din/kg 
 

The pellets from waste wood from the forest and cut fire wood second class - 20 
gr/kom 

 The starting material  2,7 din/kg 

 Transport to storage   1,6 din/kg 

 Chipping   1,8 din/kg 

 Fine grinding   1,2 din/kg 

 Pressure   6,0 din/kg  

 Packing   1,0 din/kg 

 Storage    0,5 din/kg 

 Transport   3,0 din/kg, to 200 km 

     Total:    17,8 din/kg 

 

According to potentials in the wider regions and usage tradition of certain sorts of 
biomass it is decided that the biomass made as secondary and tertiary final product 
of wood industry production will be used in Bor municipality. 

According to given guidelines, and in accordance with other guidelines, it is decided 
that in Bor municipality, the pellets from waste wood from the forest and cut fire wood 
will be used for heating. 

The price of the pellets biomass, which is the secondary and tertiary product of wood 
industry production, is 17,8 RSD per kg. 
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ZADATAK 2 

 

Analysis of thermal energy required in  
selected facilities for public use  

 

In this report - task No. 2 - it was necessary to complete the research based on data 
from research literature and field study and to summarize data collected in a 
separate report.   

In task No. 2 it is necessary to make a thorough analysis of chosen public facilities 
following the listed steps: 

 Make an optimal selection of public facilities that potentially can use biomass 
as a fuel for heating.  

 Provide a graphic display of the facility with the layout of the heating system 
(for each chosen facility in each municipality) 

 Prepare energy passport of the technical characteristics of the heating 
systems and the analysis of the heat loss for chosen public facilities in each 
municipality (age of the building and installation, type of window and window 
glass used, heating system, type of heating fuel) 

 Analyze possible improvements of the energy efficiency of the heating 
systems in public facilities and provide recommendations for the facilities that 
are the most efficient for energy saving in the case of biomass combustion 
plants.   

2.1. The choice of public facilities in Bor location that will be heated by 
biomass 

Selection of the public facilities in which biomass will be used as fuel for heating was 
done in coordination with all important institutions in chosen municipalities. Thus, in 
selection of facility and collection of all necessary data related to the project 
documentation including micro and macro aspects, technical characteristics of the 
facility with existing infrastructure and potential opportunities for expansion of existing 
infrastructure, the following individuals were included: management of the 
municipality with the participation of municipal energy managers, representatives of 
the public companies (Chamber of Commerce, Planning Bureau, Utility Supplier of 
Electric Power, Water Supply and Sewage Companies, Heating Supply Companies, 
Agriculture and Forestry Sectors) as well as general manages of almost all public 
companies in selected municipalities.  

During selection process several important criteria tended to be met: 

 that selected public facilities are of great importance for the local government, 
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 that at least one or more facilities require larger amount of heating energy, 

 that these facilities are located in the areas in which there will be no 
overlapping with the existing local piping system, i.e. that they are placed in 
areas which the local district network will not reach in record time,  

 that in selected locations there is not enough space for the construction of a 
boiler room and a smaller storage for biomass which had to be physically 
separated from the existing facilities (especially due to hygienic and fire 
requirements), 

 that location for facility construction is near existing boiler rooms that use gas 
or liquid fuel, so that the boiler systems can work compositely, i.e. can use the 
same collectors, 

 that facilities have adequate internal pipe heating network, 

 that it is known who the owner of the premises on which the construction of a 
boiler room and a storage is planned, 

 that pipe installation is not too long and complex for the construction and 

 that there are adequate access roads to storages to ensure transportation of 
biomass for combustion etc.  

 

In Bor, there is a number of public institutions of great importance such as: 

1. Bor Municipality - Presidency of the Municipal Administration 

2. Kindergartens 

Kindergarten Bambi, Kindergarten Boško Buha, Kindergarten Leptirić, 
Kindergartens Crvenkapa, Kindergarten Dečija Radost, Kindergarten Pčelica 

3. Schools:  

 Elementary schools: Branko Radičević, Sveti Sava, Vuk Stefanović Karadžić, 
Dušan Radović, 3. Oktobar i Elementary School Vidovdan. 

 High Schools: Academic High School Bora Stanković Bor, Electrotechnical 
School, High School of Economy,  Technical School, High School Vidovdan. 

 Colleges and universities: Techical College in Bor (part of  Belgrade University 
Techical College) 

4. Public and utility companies: 

Public Company Toplana, Public Company Voda, Public Waste Management 
Company 3. Oktobar, Public Company for Housing Services, Public Agency for 
Land Development in Bor, Public Company Bogovina,  Public Company Stampa, 
Museum of Mining and Metallurgy, Tourist Agency, Sports Hall, National Library, 
Public Center for Culture in Bor Municipality, Cinema Rudar, Sports Federation of 
Bor Municipal, Red Cross. 

5. In additiona to the listed public facilities, there is a great number of  republic 
institutions in Bor, such as:  

Bor District, Bor Distric Inspection, Pension and Disability Insurance Fund, 
Geodetic Authority, Revenue Agency, Police Station, Court, Magistrate, 
Prosecutor, Public Defender's Office, Student Center, Jugopetrol, Elektroistok, 
Employment Service Center, Health Center, General hospital, Centre for Social 
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Work, Gerontology Society, PTT Telecom, Serbia Armed Forces - Military Section 
in Bor. 
 

While analyzing the facilities and attempting to select an adequate facility for biomass 
heating project in Bor, several characteristics were noticed: 

The town Bor is well organized urban settlement with a good heating systems. In Bor 
98% of public facilities are connected to a central heating system of the city; thus, the 
selection of a facility, among numerous already listed criteria, was based on cost 
effectiveness of their connection to a new system of central heating, which would 
include additional investment of funds. Also, according to previously defined criteria 
for the selection of systems for heating, the existing pipe system and a new system 
for heating were not supposed to overlap. For this reason the decision was made 
taking into account the facilities located on spacious locations which ensure easy 
transport vehicle access.  

Thus, the following public facilities in Bor were considered suitable for the installation 
of biomass central heating: 

 

Facility Image 

  
 
Elementary School „Vuk Stefanović 
Karadžić“ 
 

The building of the Elementary School 
"Vuk Stefanovic Karadžić" was built in 
1937.  It is the oldest school in the area 
in which teaching still takes place. The 
school gym was built in 1957, ans was 
renovated in 2011. Today school has 
550 students. The lower floor is 
reserved for students, while  the upper 
floor is illigally occupied by several 
families. 

 

Fig. 4. Elementary school „Vuk Karadžić“

 
 

 
Cultural Center 
 

Cultural Center in Bor is a huge building 
organized in four levels. In addition to 
regular activities related to Cultural 
Center program, the library and the 
Museum of the Mining and Metallurgy 
are also located in this building. The 
library entrance is located on a plateau 
in front of the Cultural Center.  

 

 

 

Fig. 5. Cultural Centar 
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Zoo park in a suburb "Sunce" in Bor 
 

Zoo park covers an area of 16.000 
square meters, where about twenty 
special animal homes were built for 
about 50 animal species, as well as a 
veterinary clinic, a gift shop, a 
playground and a restaurant.  

Fig. 6. Zoo park in Bor 

Residence of Prince Miloš 

The construction of Brestovačka Banja 
began in 1837, and the same year the 
residence of Prince Miloš was 
constructed as well. The residence was 
fully restored in 1970, after which the 
museum exhibits were displayed and 
the exhibition became knows as 
Brestovačka Banja in the time of Prince 
Miloš. The residence was built in the 
style of Serbian architecture and, for 
that time, the building was quite large. 
The building is rectangular in shape. It 
has simple construction with a quiet 
facade. 

Wide roof covered with old style tiles, 
the chimneys, and, on the west side, a 
veranda all harmoniously blend into the 
whole. The building is made from 
molded half timbered oak beams, which 
serve as both structural and decorative 
elements, and it consists of 5 rooms. In 
the middle of the building is a large 
rectangular room with the front door on 
one side and the exit door on the 
opposite (facing the north) side of the 
building. From the central room doors 
on the left and right lead to two rooms 
on each side. To the left of the exit door 
is a small room called "odžaklija" with a 
fireplace for cooking, above which a 
chimney rises. 

 

 

 

 

 

 

 

 

Fig. 7. Residence of Prince Miloš 
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Castle of King Aleksandar 
Karadjordjević 
 

In 1856 the castle of King Aleksandar 
Karadjordjević was built in Brestovačka 
Banja. In the vicinity of the castle the 
Turkish bathroom was built in 1906 – it 
was restored in 1970 but is now 
privatized. The castle and a small 
garden are located in the lush greenery 
(forest area of 90 ha) and they 
represent the embodiment of harmony 
with nature and with the world of peace. 

 

Fig. 8. Castle of King Aleksandar 
Karadjordjević 

Turkish Bath Hamam 
 

Close to Residence of Prince Miloš is 
Hamam - the turkish bath, which was 
restored in 1970. 

 

Fig. 9. Turkish Bath Hamam 
 

Based on the analysis of the public facilities in Bor, as well as on the proposal made 
by the municipal management, and in agreement with the representative of UNDP in 
Serbia, it was decided that the heating system using biomass should be installed in 
three public facilities in Brestovačka Banja, located only 8 km from the town of Bor.  

Based on the insistence of municipal management that underlined the importance of 
the restoration of the royal complex, it was accepted to install the heating system 
using biomass in the castle of King Aleksandar Karadjordjević in Brestovačka Banja.  

2.2. Graphical representation of facilities with the layout of heating 
installations for selected facilities in municipality of Bor 

Based on the above discussed, it can be summarized that the following facilities in 
the following municipalities were selected: 

Bor municipality - location Brestovačka Banja 

 Castle of King Aleksandar Karadjordjević 

In order for this study to be precise, and because of the large scheme format used, 
graphic documentation will be given in the appendix at the end of this study. For each 
of the chosen locations, the following schemes are given: 

1. Map of settlements where selected facilities are located; 

2. Site plan with the arrangement of buildings; 

3. Facade layout of each building in one projection; 

4. Cross-sectional view of each facility of each floor; 
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5. Figure showing vertical heating system; 

6. New furnace location plan, as well as the pipeline route toward the chosen 
facilities; 

7. Technical scheme of the facility work; 

8. Disposition of the equipment in the new furnace on biomass and 

9. Scheme of furnace connection. 

2.3. Overview of technical characteristics of heating systems with the 
analysis of heat loss for the selected public facilities. 

Technical characteristics of the existing heating systems in the selected facilities can 
be presented in the following manner (listed by municipalities):  

2.3.1. Castle  of King Aleksandar Karadjordjević 

The castle of Prince Aleksandar Karađorđević was built in 1857 (Fig. 10). It is cut into 
a steep cliff under which konak of prince Miloš and Hamam – Turkish bath are 
located. Stairs and paths set along the cliff edge lead to the castle entrance. The 
castle was completely restored in the last several years, and the only fully authentic 
thing is the gate (Fig. 11). The castle is comprised of the ground floor, first floor and 
the loft. The ground floor contains the entrance hall with stairs ot the first floor, three 
rooms and a lavatory. First floor contains the reception hall, with six rooms, a 
lavatory, a balcony above the entrance door, and opposite to it, a glazed veranda, 
used as an open porch. Glazed veranda contains half-arch stairs leading to the loft. 
The loft was renovated and adjusted for 4 residential suites. During renovation of the 
loft new double PVC windows were installed, new roof tiles were placed and the 
facade was renovated.  

 

Fig. 10. Eastern castle facade  Fig. 11. Castle gate 

Foundations and basis of the ground floor were made from stone 72 cm thick with the 
heat transfer coefficient k = 2 W/m2K (Fig. 12). The ceiling was done from plaster 
sheets, with wooden beams, with boards and reed with mortar, k = 0.87 W/m2 K. The 
walls on the floor were built from old bricks, size 55x20 cm, while outer walls are 60 
cm thick. Heat transfer coefficient of the outer walls is k = 1.02 W/m2 K (Fig. 13). 

The PVC windows on the first and ground floor are single windows, double glazed 
with thermal insulation, 100x176 cm, with k = 1.76 W/m2 K.  
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Loft walls are made of brick, 38 cm thick, with heat transfer coefficient k = 1.42 W/m2 
K. Party walls are 10 cm thick, made of plaster boards. Ceiling is done in plaster 
boards 9.5 mm thick, with 3 mm of stone wool and OSB boards 1.8 cm thick, upon 
which the roof tiles are laid. Heat transfer coefficient for the roof is k = 0.49 W/m2 K. 

 

Fig. 12. Cross-section of the ground floor outer wall 

 

 

Fig. 13. Outer wall cross-section 

 

Basic ground and first floor rooms features are shown in tables 3, 4 and 5 as well as 
the graphical documents.  

Table 3. Basic characteristics of ground facilities: 

Facility 
code 

Floor 
surface 

Outer wall 
surface 

Windows 
surface 

Facility 
height 

Installed radiator 
heat power 

 (m2) (m2) (m2) (m) (W) 

1/15 40,63 20.92 4 2.85 5.190 

2/20 27,64 37.53 5.1 2.85 2.880 

3/20 20,53 21,75 5,1 2,85 3.050 

4/15 6,23 14,55 0,64 2,85 660 

TOTAL 95,03 238,3 15,74  11.780 
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Table 4. Basic characteristics of first floor facilities 

Facility 
code 

Floor 
surface 

Outer wall 
surface 

Windows 
surface 

Facility 
height 

Installed radiator 
heat power 

 (m2) (m2) (m2) (m) (W) 

1/15 37,1 0 0 2.85 0 

2/20 12,16 16,55 3,4 2.85 1.910 

3/20 12,16 7,42 1,7 2,85 1.680 

4/20 14,44 16,56 5,1 2,85 2.160 

5/20 21,36 10,31 5,71 2,85 3.170 

6/20 15,1 18,77 3,4 2,85 2.213 

7/20 8,7 6,67 1,7 2.85 1.431 

8/20 14,14 18,03 3,4 2,85 2.210 

9/15 15,12 20,45 10,9 2,85 1.270 

TOTAL 150,28 114,76 35,31 - 16.044 
 

Table 5. Basic characteristics of loft facilities 

Facility 
code 

Floor 
surface 

Outer wall 
surface 

Windows 
surface 

Facility 
height 

Installed radiator 
heat power 

 (m2) (m2) (m2) (m) (W) 

1/15 15,12 22 0 2 1.524 

2/15 14,57 0 0 2,5 1.450 

3/20 12,58 1,87 0,95 1,5 1.545 

4/20 9,3 9,15 1,28 1,5 1.180 

5/22 4,10 0 0,64 1,8 440 

6/20 12,77 1,87 0,95 1, 5 1.545 

7/20 9,3 9,15 1,28 1,5 1.148 

8/22 4,10 0 0,64 1,8 440 

9/20 4,89 0 0 2 530 

10/20 15,33 5,32 1,92 1,5 1.890 

11/20 15,59 11,9 1,92 1,5 1.746 

12/22 4,1 0 0,64 1,8 450 

13/20 4,89 0 0 2 725 

14/20 15,33 5,32 1,92 1,5 1.890 

15/20 15,59 11,9 1,92 1,5 1.710 

16/22 4,1 0 0,64 1,8 450 

TOTAL 161,66 78,48 14,7  18.663 
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Based on the info from tables 3, 4 and 5 it can be concluded that the ground floor of 
the castle has a total floor area of 95.03 m2, and the volume to heat 270.84 m3. 
Necessary heating strength of the radiators is 13,425 W, which allows emission of 
141.27 W/m2 and 49.5 W/m3 of heat energy.  

The first floor of the castle has a total area of 161.66 m2 and the volume to heat is 
293 m3. Necessary heating strength of the radiators is 23,623 W, which allows for 
146.12 W/m2 and 80.62 W/m3 of heat energy.  

Based on the above, heating elements working at 90/70oC can release 58.75 kW of 
heat energy. 

2.4. Analysis of the measures for the increase of energy efficiency in 
buildings for public use 

The analysis of the measures for the increase of energy efficiency in buildings for 
public use in Bor municipality has to be done from two aspects. One aspect is the 
general, i.e. global approach to the problem of increasing the energy efficiency in 
municipalities, while the other one is the increase of energy efficiency in individual 
buildings. 

When observing the use of energy for central heating of individual buildings for public 
use, as has been stated already, it can be established that the energy is used 
irrationally and with poor quality (large deviations from assigned temperatures in 
heated rooms).  

According to the present condition of the chosen public usage buildings in Ćuprija, 
we may conclude that by the usage of proper organizational and technical activities 
significant energy sufficiency improvements may be achieved. 

 It is necessary to put the thermostatic valves onto the radiators and adjust them 
to maintain the adequate temperature; 

 In some rooms of the chosen public facilities that are used in different working 
hours (classrooms and the gym) regulational equipment with individually chosen 
time of usage should be installed; 

 The temperature in the rooms for special purposes must be adjusted, because 
when the temperature rises by 1 degree, energy consumption increases by 6%. 
Special attention should be paid when corridors and toilets are concerned; 

 Cleaning the heating systems due to dirt deposits that reduce the efficiency of 
heating; 

 For all facilities, old windows should be replaced with new PVC double windows 
with a better thermal performance and 

 The windows in the buildings at the time of the heating period are to be kept 
open only when the room is ventilated (especially applies to the toilets).  
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ZADATAK 3 

 

Analysis of necessary heat energy in chosen buildings for public 
use 

3.1. Technology of available biomass form combustion 

Adequate choice of terminology for intentional combustion of biomass with the goal 
of obtaining heat energy is of the highest importance for the energy, economical and 
ecological efficiency of that process. 

A schematic presentation of the appropriateness of technical-technological solutions 
for thermal solutions for thermal power of a 100 MW furnace and certain forms of 
biomass for combustion is shown in Fig 14.  
 

 

Fig. 14. . Appropriateness of tehnological and tehnical solutions for biomass 
combustion 

 

S - batch, with stasionaty grate; 

V - with moving grate; 

U - in the bottom-fired (screw or piston dosage); 

E - combustion in space (or cyclonic combustion chamber), 

W - fluidized bed and 

Z - frontal combustion (cigarettes). 
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3.2.  Selection of combustion technologies and technical solutions for 
the thermal power plants and defining the maximum boiler plant 
thermal power for continuous heating of public buildings 

Starting with the chosen types and forms of biomass to be combusted, spatial 
limitations, environmental and legal norms and standards, it was decided upon the 
thermal energy plant for combusting wood pellets that are to be purchased at market 
value.  

Combustion of wood pellets will be performed in a stoker with a fixed andiron.  

The technology suggested has several important advantages that could be briefly 
described as the following: 

 It combusts fuel (wood pellets) which is very common on the Serbian market. 
The fuel could be bought successively, i. e. as needed, which means that it is 
not necessary to buy the total amount of fuel needed once a year. 

 Combustion of wood pellets could be completely automated with a total 
mechanization of the pellet manipulation process. 

 Emission of harmful gasses could be maintained in the allowed limits. 

 The wood pallet combustion plant could be put in various modes. 

 While working in this plant, the wood pellets will not be affected by the problems 
of solubility as is the case with combustion of biomass form the agricultural 
production. 

The negative side of the chosen technology is the expensiveness of the combustion 
plant, which could be justified by the tendency to automate the combustion process 
as much as possible. 

General requirements for the construction of the boiler facility 

It was defined that the thermal energy plant for heating the chosen object in Bor, 
located at Brestovačka Banja, should work as a combined wood pellet and electricity 
plant (which will be activated in transitional periods or in the case biomass boiler 
damage). It has to satisfy the following basic technical, economic and environmental 
requests: 

 It should produce the required amount of energy (70 - 90 kW). This range of 
boiler power is taken as a certitude due to the unknown quality of pellet. 

 It should be possible to combust wood pellets in it. 

 The plant should work in an economic way, i. e. it should provide a competitive 
price of thermal energy in relation to the production where the basic fuel is 
electricity only. 

 The pollution of the environment should be in accordance with the domestic and 
European norms. 

 A contemporary level of pairing and work control should be secured. 

 A contemporary level of plant maintenance with minimal costs should be 
secured. 

 Hygienic conditions should be satisfying during the pellets manipulation. 

The overall predicted thermal losses in the chosen object in Brestovačka Banja in 
Bor municipality are 46,49 kW. 
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When considering the overall thermal losses of the pipe installation for heating the 
King Aleksandar Castle it was concluded that the thermal losses are 15% of declared 
plant power. Maximum power that should be produced in thermal energy plant in this 
case is 53,46 kW. 

Taking into account the fact that the quality of pellets in Serbia, i. e. their real thermal 
power, could vary, as well as the tendency for the easier procurement and the better 
end-price of the plant, it was decided upon the boiler plant which has the standard 
technical characteristics of 70 - 90 kW the nominal thermal power, as the first smaller 
standard set of the pellet burner has the power of 40 - 50 kW. 

3.3. Defining the optimal place for the construction of thermal power 
plants (with thetechnical, economic and environmental aspects) 

It was not easy to choose the property for public use in Bor that is to be heated by 
the thermal energy of biomass. The biggest problem related to the selection was the 
choice of a location for building the biomass warehouse. The problem was even 
more complex due to the fact that Bor is the city in which the public use properties 
are mostly heated by the central thermal system. 

For this reason, it was decided upon the object that is 10 km away from Bor. This 
object does not have a central heating, but would very much need one because of its 
function. 

The thermal energy boiler room is planned to be set near the castle, on a gentle 
slope, so the delivery of fuel from the access roads (from above) is easy and hygiene 
sustainable. 

3.4. Technical description of the biomass fueled boiler facility (thermal 
technical equipment, boiler room and heating lines) with pre-
measurement and estimate in the Bor– location: Brestovačka 
banja and the expected energy and ecological efficiency 

With this elaboration anticipated is the change of the existing boiler-room function in  
Bor, which is connected to existing objects of Castle of King Aleksandar 
Karadjordjević via existing heating lines.  

Apart from preserving the function of the already existing electric heating equipment, 
what is also planned to make, having the thermal power of 43 kW, which uses 
electric energy as fuel.  

The technical characteristics of the new biomass fueled boiler facility are:  

Fuel 

The wood pellets are planned to be used as fuel.  

Dimensions of wood pellets: Ø 6 – 12 mm x 25 - 35 mm  

Density of the biomass bales ρ= 630 kg/m3 

Special demands: maximal humidity wmax = 10%  

Biomass fueled boiler 

Heating boiler, a stoker with a fixed andiron system for combustion of wood pellets 
(Fig. 15) 

The furnace thermal power: N = 70 - 90 kW 

The degree of boiler usefulness: η = 0,88% 
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Fig. 15. Cross-sectional view of provided hot water boiler, manufacturer „EKO 
PRODUK“ – Novi Sad 

 
The schematics of  boiler facility, wich burns wood pellets Fig. 16. 
 

 
 

Fig. 16. The schematics of the boiler facility wich burns wood pellets 
 

(1. bunker for pellets, 2. flexible screw conveyor for pellets, 3. barrier against flame, 
4. hot-water boiler, 5. bunker for ash, 6. flue gas pipe, 7. chimney) 

 

The boiler will work in 90/70°C mode and the connection to the object will be 
achieved though the seamless insulated pipes of the nominal diameter DN 50. For 
the preparation of the sanitary water in the new boiler room, a detached hot water 
heater made of stainless steel and of volume V=120 l set in the castle building is 
predicted. 

Pre-measurement and estimate for the delivery, montage and other works on the 
building of thermal technical equipment of the thermal energetic facility, boiler-room 
and heating lines is presented in Table 6. 
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Table 6.  Pre-measurement and estimate for the building of thermal energy biomass 
fuelled facility 

No. Description of works Quantity Unit price Total price 

 (-) (com) (din) (din) 

1 2 3 4 5 
 

I THERMOTECHNICS AND PROCESS EQUIPMENT 

1. 

Delivery and installation of a hot-
water boiler, which uses wood pellets 
for heating, made by "EKO 
PRODUK" – Novi Sad 
Q = 70 - 90 kW, tw = 90 / 70°C,  

L = 920 mm, H = 1250 mm 

1 540.000 540.000 

2. 

Delivery and installation of a flexible 
screw conveyor for pellets with 
barrier against flame, made by "EKO 
PRODUK" – Novi Sad 
Q 50 kg/h, D = 140 mm,  

N = 35 min-1, Pm = 1,10 kW 

1 66.000 66.000 

3. 

Design and installation of steel 
freestanding chimney adopted for the 
heat capacity of hot water boiler with 
flue gases pipe and anchors and 
mineral wool insulation, thickness 
d=50 mm. Concrete foundation is not 
included in the price of the chimney. 
D = Ø 180 mm , H = 10 m 

1 121.000 121.000 

4. 

Construction and installation of steel 
collectors made of steel 
pipes,�according to DIN2448 with 
the required number of connections 
(DN 50, DN25, DN 40, DN 32, DN 
65, DN 10, DN 20)  
Split collector: Ø 108,0 x 3,2 / 1600 
mm 

1 15.000 15.000 

5. 

Construction and installation of steel 
collectors made of steel 
pipes,�according to DIN2448 with 
the required number of connections 
(DN 50, DN 25, DN 40, DN 32, DN 
65, DN 10, DN 20, DN 20)  
Split collector: Ø 108,0 x 3,2 / 1600 
mm 

1 15.500 15.500 

6. 
Delivery and installation temperature 
sensor for liquid, made by “AUTER” 
– Beograd, type TSW 01 

1 4.300 4.300 
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1 2 3 4 5 

7. 

Delivery and installation of a 
automatic three-way valve with 
electric motor, made by “AUTER” – 
Beograd, type RV3-
32/16,00/AVC3.220. 
Qv = 2,213 m3/h, Kvs = 10,00 m3/h 

1 45.000 45.000 

8. 

Delivery and installation 
microprocessor controller for keeping 
the temperature constant, depending 
on external temperature, made by 
“AUTER” – Beograd, type 
AMR/202RG3 

1 25.000 25.000 

9. 
Delivery and installation temperature 
sensor for external influences, made 
by “AUTER” – Beograd, type TSS 01 

1 2.500 2.500 

10. 

Delivery and installation of unit for 
manual/automatic control of 
regulation valve, made by “AUTER” – 
Beograd, type RDV 2 

1 23.000 23.000 

11. 
Delivery and installation of electric-
command locker for complete boiler 
room control. 

1 28.000 28.000 

12. 

Assembly of automation elements, 
clamping and commissioning without 
the supply and installation of 
electrical cables. 

- 11.000 11.000 

13. 

Delivery and installation of ball 
valves for NP6, with threaded 
connections. 

DN 10 

DN 20 

DN 25 

DN 40 

DN 50 

6 

3 

6 

5 

6 

400 

1.200 

1.500 

2.400 

4.000 

2.400 

3.600 

9.000 

12.000 

24.000 

14. 

Delivery and installation of dirt 
separators for NP6, with threaded 
connections. 

DN 20 

DN 25 

DN 40 

DN 50 

1 

2 

3 

1 

1.200 

1.500 

2.400 

4.000 

1.200 

3.000 

7.200 

4.000 

15. 
Delivery and installation of pressure 
regulators with threaded connectors. 

DN 20   
1 2.000 2.000 
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1 2 3 4 5 

16. 
Delivery and installation of a 
thermometer, made by "FAR" - Italija.

Measuring range: 0 - 130°C 
6 300 1.800 

17. 

Delivery and installation of a 
pressure gauge, made by "FAR" – 
Italija. 

Measuring range: 0 - 10 bar 

2 400 800 

18. 
Delivery and installation of safety 
valves with spring. 

DN 15 
1 5.500 5.500 

19. 

Delivery and installation of closed 
expansion vessels, tip VARFLEX L-
50. 

Vu = 50 l,  

Vk = 25 l,  

Hs = 1,00 - 1,50 bar   

1 23.000 23.000 

20. 

Delivery and installation of circulation 
pumps, made by "WILO" – Germany 
Type TOP-S 40/4, speed 3,monphasic 

Gh = 2,31 m3/h 

H = 1500 Pa 

Nmax = 195 W 

nmin = 3 - 1600 min-1 

U = 1 x 230 V / 50 Hz 

1 51.000 51.000 

21. 

Delivery and installation of circulation 
pumps, made by "WILO" – Germany 
Type TOP-S 30/5,speed 3, monphasic 

Gh = 4,07 m3/h 

H = 3824 Pa 

Nmax = 147 W 

nmin = 3 - 1890 min-1 

U = 1 x 230 V / 50 Hz 

1 25.500 25.500 

22. 

Delivery and installation of circulation 
pumps, made by "WILO" – Germany 
Type STAR-RS 30/5,speed 3, 
monphasic 

Gh = 0,78 m3/h 

H = 5079 Pa 

Nmax = 45 W 

nmin = 3 - 1450 min-1 

U = 1 x 230 V / 50 Hz 

1 8.500 8.500 
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1 2 3 4 5 

23. 

Delivery and installation of magnetic 
flow water softeners whose 
maximum temperature is tw = 40oC. 
Representative and importer is 
"FEROMAX" – Belgrade, type AQUA 
UNIQUE A4 20-35 CW. 
DN 20 

1 70.000 70.000 

24. 

Construction and installation of 
mechanical impurities filter installed 
along with magnetic magnetic water 
softener. Representative and 
importer is "FEROMAX" – Beograd, 
type AU 20 MPS. 
DN 20 

1 27.000 27.000 

25. 

Delivery and installation of black 
seamless pipes according to DIN 
2448.  
DN  10 - Ø  16,0x1,8                     (m)
DN  20 - Ø 25,0x2,0                      (m)
DN  25 - Ø  31,8x2,6                     (m)
DN  40 - Ø  48,3x2,6                     (m)
DN  50 - Ø  57,0x2,9                     (m)
DN  80 - Ø  88,9x3,2                     (m)

24 
16 
36 
30 
24 
1 

170 
250 
340 
560 
740 

1.290 

4.080 
4.000 

12.240 
16.800 
17.760 
1.290 

26. 
Construction and installation vessel 
for ventilation installations, Ø 159,0 x 
4,5 / 150,0. 

6 3.000 18.000 

27. 

Linking and i sealing material, two-
part pipe sleeves, pipe hangers, 
metal rosettes, wall cocoons, 
cement, gypsum and other materials 
needed for installation of a pipeline is 
taken at 50% of value of embedded 
material 

- 56.170 28.085 

28. 

Cleaning of the pipes, double coating 
of red lead, construction of thermo-
insulating layer, type  PLAMAFLEX 
or similar, thickness d = 30 mm. 
DN  25   
DN  40   
DN  50   
DN  80   
DN  100    

36 
30 
24 
1 
4 

1.000 
1.500 
2.000 
3.000 

4.000 

36.000 
45.000 
48.000 
3.000 

16.000 

29. 
Drilling of party walls and floor/ceiling 
construction for pipeline passage 
without closing. 

2 400 800 
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1 2 3 4 5 

30. 

For manipulative expenses, like 
costs of examining the installation for 
cold water pressure, costs of hot 
testing, costs of regulating the 
installation and costs of other 
preparation-finishing works, it is 
calculated at 4% of all stated value  

(4%)

- 1.433.438 57.338 

31. 
Delivery of dry powder fire 
extinguishers, tip S - 9. 1 

6.000 6.000 

32. 
Delivery of barrel with sand, a shovel 
and a pick. 1 

3.000 3.000 

TOTAL: 1.494.693
 

 

No. Description of works Quantity Unit price Total price 

 (-) (com) (din) (din) 
 

II CONSTRUCTION OF A BOILER ROOM BUILDING 

1. 

The walls of boiler building are build 
from water insulation,tickness d = 200 
mm and they are supporting roof steel 
structure. Bunker for pellets is made 
from ribbed galvanized sheet, tickness 
d = 1,2 mm. Object has a single 
entrance door and and two outer 
windows. There is a control room and a 
toilet facility in the installation. The floor 
of the boiler room is made of concrete 
with industrial coating as a finishing 
layer. 

1 1.246.850 1.246.850 

TOTAL: 1.246.850 
 

 

No. Description of works Quantity Unit price Total price 

 (-) (com) (din) (din) 

1 2 3 4 5 
 

III HEATING PIPES 

1. 

Delivery and installation of  pre-
insulated pipes, made by "TERMIZO" - 
Novi Sad, or similar. 
DN  40 - Ø 48,3x2,6/110                  (m) 

53 2.073 109.888 
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1 2 3 4 5 

2. 

Delivery and installation of  pre-
insulated arches, made by "TERMIZO" 
- Novi Sad, or similar. 

DN  40 - Ø  48,3x2,6/110                  (m)

8 3.069 24.550 

3. 

Delivery and installation of  immovable 
support unitsmade of pre-insulated 
pipes, made by "TERMIZO" - Novi Sad, 
or similar. 

DN125 - Ø 139,7x4,0/200                 (m)

4 31.000 124.000 

4. 

Delivery and installation of pipe 
connections of pre-insulated pipes, 
made by "TERMIZO" - Novi Sad. 

DN  40 - Ø 48,3x2,6/110                  (m) 

4 2.851 11.403 

5. 

Delivery and installation of elements for 
conducting of the pre-insulated pipeline 
through walls, made by "TERMIZO" - 
Novi Sad. 

DN  40 - Ø 48,3x2,6/110                  (m)  

4 2.243 8.974 

6. 

Delivery and installation of the end cap 
for transition from polyurethane to 
isolation layer from PLAMAFLEX, made 
by "TERMIZO" - Novi Sad. 

DN  40 - Ø 48,3x2,6/110                  (m) 

4 2.417 9.667 

7. 

Excavation of the third category earth 
for laying of heating pipeline and 
transporting it to the landfill.  

(m3)

12 7.000 84.000 

8. 

Pouring of the sand, over the bottom of 
the canal and around pre-insulated 
pipeline, thickness of the layer above 
the pre-insulated pipeline should be at 
least b=20 cm. 

(m3)

8 4.500 36.000 

9. 

Pouring of the excavated earth over the 
poured sand an leveling with the 
terrain. 

(m3)

7 14.320 100.240 

10. 
Transport of the excess of excavated 
earth to the landfill. 

(m3)
8 24.500 196.000 

11. 
Delivery and installation of black 
seamless pipes. 

DN  40 - Ø 48,3x2,6/110                  (m) 
95 560 53.200 
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1 2 3 4 5 

12. 

Linking and i sealing material, two-part 
pipe sleeves, pipe hangers, metal 
rosettes, wall cocoons, cement, 
gypsum and other materials needed for 
installation of a pipeline is taken at 40% 
of value of embedded material. 

(40%)

- 53.200 21.280 

13. 
Construction and installation vessel for 
ventilation installations, Ø 139,7 x 4,4 / 
150,0. 

2 3.000 6.000 

14. 
Drilling of party walls and floor/ceiling 
construction for pipeline passage 
without closing. 

4 1.000 4.000 

15. 

Pipeline coating with wavy paper on the 
locations of pipe lines passing through 
walls and floor construction, processing 
and closing holes. 

4 400 1.600 

16. 

For manipulative expenses, like costs 
of examining the installation for cold 
water pressure, costs of hot testing, 
costs of regulating the installation and 
costs of other preparation-finishing 
works, it is calculated at 4% of all stated 
values. 

(4%)

- 790.802 31.632 

TOTAL: 822.434 
 

 

No. Description of works Quantity Unit price Total price 

 (-) (com) (din) (din) 

1 2 3 4 5 

 

IV SUBSTATION IN THE BUILDING OF THE CASTLE 

1. 

Construction and installation of 
collectors from black seamless pipes , 
according to DIN2448 with the 
required number of connections (DN 
50, DN 20, DN 20, DN 20, DN 10, DN 
20)  

Split collector: Ø 108,0 x 3,2 / 1600 
mm 

1 14.000 14.000 

2. 
Delivery and installation of electric-
command locker for complete 
substational room control. 

1 21.000 21.000 
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1 2 3 4 5 

3. 

Delivery and installation of ball valves 
for NP6, with threaded connections. 
DN 10 
DN 20 
DN 40 

4 
13 
3 

600 

1.200 

2.200 

2.400 

15.600 

6.600 

4. 

Delivery and installation of dirt 
separators for NP6, with threaded 
connections. 
DN 20 
DN 40 

3 
1 

1.200 
2.200 

3.600 
2.200 

5. 
Delivery and installation of a 
thermometer, made by "FAR" - Italija. 
Measuring range: 0 - 130°C 

8 300 2.400 

6. 
Delivery and installation of a pressure 
gauge, made by "FAR" – Italija. 
Measuring range: 0 - 10 bar 

2 400 800 

7. 

Delivery and installation of black 
seamless pipes according to DIN 
2448.  
DN  10 - Ø  16,0x1,8                      (m) 
DN  20 - Ø 25,0x2,0                       (m) 

12 
4 

210 
240 

2.520 
960 

8. 

Linking and i sealing material, two-
part pipe sleeves, pipe hangers, metal 
rosettes, wall cocoons, cement, 
gypsum and other materials needed 
for installation of a pipeline is taken at 
40% of value of embedded material. 

(40%)

- 3.480 1.392 

9. 
Construction and installation vessel 
for ventilation installations, Ø 159 x 
4,5 / 150,0. 

4 1.300 5.200 

10. 

Cleaning of the pipes, double coating 
of red lead, construction of thermo-
insulating layer, type  PLAMAFLEX or 
similar, thickness d = 30 mm. 
DN  100                                          (m) 

4 3.000 12.000 

11. 

For manipulative expenses, like costs 
of examining the installation for cold 
water pressure, costs of hot testing, 
costs of regulating the installation and 
costs of other preparation-finishing 
works, it is calculated at 4% of all 
stated values. 

(4%)

- 88.872 3.555 

TOTAL: 94.227 
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No. Description of works Quantity Unit price Total price 

 (-) (com) (din) (din) 

1 2 3 4 5 

 

V CONSTRUCTION OF INTERLNA HEATING INSTALLATIONS 

1. 

Delivery and installation of aluminum 
radiators, made by “FARAL” – 
Italy.�The price also includes 
accessories for wall fixing radiators. 
Type ESSE 600                             (rib)

305 2.500 762.500 

2. 

Delivery and installation of reducers 
for radiators, made by “FARAL” – 
Italy. 

DN25 – DN10                            (com) 

DN25 – DN15                            (com) 

77 

87 

150 

150 

11.550 

13.050 

3. 

Delivery and installation of angle 
radiator valves with thermostatic 
head, made by “FARAL” – Italy. 
DN 10                                       (com) 

DN 15                                        (com) 
18 
23 

1.300 
1.500 

23.400 
34.500 

4. 

Delivery and installation of angle 
radiator valves, made by “FARAL” – 
Italy. 

DN 10                                       (com) 

DN 15                                        (com) 

18 

23 

600 

800 

10.800 

18.400 

5. 

Delivery and installation of valve for 
manual venting of radiators, made by 
“FARAL” – Italy. 
DN 10 

41 250 10.250 

6. 
Delivery and installation of valve for 
discharge of radiators. 
DN 15 

41 600 24.600 

7. 

Delivery and installation of black pipes 
according to DIN 2448.  
DN  10 - Ø  16,0x1,8                      (m) 

DN  15 - Ø  20,0x2,0                      (m) 

DN  20 - Ø  25,0x2,0                      (m) 

DN  25 - Ø  31,8x2,6                      (m) 

DN  32 - Ø  38,0x2,6                      (m) 

 
96 

211 

54 

108 

48 

 
210 

240 

240 

340 

380 

 
20.060 

50.640 

12.960 

36.720 

18.240 

8. 
Delivery and installation of a 
thermometer, made by "FAR" - Italija. 
Measuring range: 0 - 130°C 

6 300 1.800 
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1 2 3 4 5 

9. 

Linking and i sealing material, two-
part pipe sleeves, pipe hangers, metal 
rosettes, wall cocoons, cement, 
gypsum and other materials needed 
for installation of a pipeline is taken at 
50% of value of embedded material. 

(50%)

- 138.720 69.360 

10. 

Cleaning,�applying red lead coating 
with two heands and painting of all 
visible parts of the pipes with paint 
and lacquer paint which is stable at 
operating temperature in color choice 
of investors.                                    (m) 

491 150 73.673 

11. 
Drilling of party walls and floor/ceiling 
construction for pipeline passage 
without closing. 

60 300 18.000 

12. 

Pipeline coating with wavy paper on 
the locations of pipe lines passing 
through walls and floor construction, 
processing and closing holes. 

60 300 18.000 

13. 

Delivery and installation of ball valves 
for NP6, with threaded connections. 

DN 10 

DN 15  

 
6 

41 

 
600 

1.000 

 
3.600 

41.000 

14. 
Construction and installation vessel 
for ventilation installations, Ø 159 x 
4,5 / 150,0. 

6 2.000 12.000 

15. 

For manipulative expenses, like costs 
of examining the installation for cold 
water pressure, costs of hot testing, 
costs of regulating the installation and 
costs of other preparation-finishing 
works, it is calculated at 5% of all 
stated values. 

(5%)

- 128.203 64.260 

             TOTAL: 1.349.363 
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RECAPITULATION 

 
BUILDING COSTS OF THERMAL ENERGY FACILIY FOR THE HEATING OF 

PUBLIC BUILDINGS IN BANATSKI KARLOVC 

(The value of 1 euro is 105 din) 

 

 

I THERMOTECHNICS AND PROCESS EQUIPMENT 1.494.693 

II CONSTRUCTION OF A BOILER ROOM BUILDING 1.246.850 

III HEATING PIPES 822.434 

IV SUBSTATION IN THE BUILDING OF THE CASTLE 94.227 

V 
CONSTRUCTION OF INTERLNA HEATING 
INSTALLATIONS 

1.349.363 

VII PROJECT DOCUMENTATION (5%) 250.378 

 TOTAL: 5.257.945 

 

 

 

INDIVIDUAL INVESTMENT PRICES ARE: 

 

In relation to the installed power:  75.113,5 din/kW 

 

In relation to the heated area: 12.918,8 din/m2 

 

For heated area of 407 m2. 
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3.4.1.  Expected energy efficiency and ecological efficiency for biomass 
combustion in boiler facilities 

Based on several year of boiler facilities research in Serbia in which baled biomass is 
combusted, in general, it can be stated that they have low energy efficiency. Low 
energy efficiency is also a signal for high gass emission that pollutes work and life 
environment.  

This causes financial loses and problems for the environment. It is expected that the 
energy efficiency of combustion facilities of wood pellets in Bor will be 88% when 
working with wood pellets with humidity of up to 16%. 

Ecological efficiency: 

Biomass is declared as ecological fuel. First and foremost it is implied since the 
chemical composition of biomass is very favourable, and as an alternative fuel it 
pollutes the environment significantly less in comparison to conventional energy 
sources. Biomass does not create the greenhouse effect, i.e. the pollution takes in 
during the plant growth as much pollution as the combustion produces. There is no 
sulphur in the biomass nor can it be found in traces. The combustion of biomass 
does not create large amounts of nitric oxide, since the combustion temperatures 
need to be kept at lower values because of possible melting of ashes. Biomass 
ashes do not pollute the soil, water, flora and fauna and they can be used as fertilizer 
for vegetable gardens and gardens, under the condition that the floating ashes are 
excluded because they can contain heavy metals that are harmful to the 
environment.  

During the biomass combustion carbon monoxide can appear in larger amounts, 
mostly because of some technical faults of the facilities or due to unprofessional 
handling of combustion technology. In combustion products, there is very little 
sulphur dioxide and sulphur trioxide, since sulphur can be found in bio-fuel in very 
small amounts, so the combustion facilities are spared from low temperature 
corrosion, and the environment from acid rains. The incorrect handling of combustion 
facilities can cause the occurrence of chloride compounds and cyclic hydrocarbons. 
(dioxin, furans and polyaromatic hydrocarbons)  

It is expected that from this combustion facilities for wood pellets, in Bor, with 70 kW 
thermal power, during a year emitted to the atmosphere will be:  

Carbon dioxide 

In case the forest are planted next year ( which will happen), it can be concluded 
that, from the new facility and for the same production power, a lower production of 
CO2, up to 60%, which would quantitatively be 59.818,7 kg CO2. 

Nitirc oxides 

New facility on wood pellet will produce annually 329,4 g less NOx, but to be used as 
an energy source an electricity that is provided by burning coal in conversion of 3:1. 

Sulphur oxide 

In the production of sulphur compounds emission will be in both cases the same, i.e. 
from the facility there will be no production of sulphur compounds, since none of the 
listed fuels contains them  (at least not in measurable conditions). 

Particles 

The emission of particles from the biomass combustive facilities will on an yearly 
level be around 34.879,3 g, or 34,9 kg. 
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In the biomass storages and the boiler room dust cannot be produced, sine dust has 
a harmful effect on the human, animal and bird respiratory organs, it is easily 
combustible and can easily explode if the right conditions are met. Because of this, 
dust needs to be efficiently caught before and after the combustion. The installed 
equipment must satisfy the prescribed marginal values for permitted amounts of dust 
as well as gasses harmful to the environment.  

In Table 7 are given marginal values for the content of the most important elements 
in the biomass, that could have a harmful effect on the functioning of the facility as 
well as on the environment.  

Table 7. Possible harmful effects of certain elements and corrective technological 
measures. 

Element Approxi- 
mate limit

Limiting 
parameter 

Biomass in which 
problems can be 

expected 

Technological capabilities in case of 
exceeding the limit values 

N* <0,6 Emissions NOx Straw, grain, grass, 
tree bark 

Multi-stage intake air, a reducing 
furnace 

Cl* <0,1 Corrosion 

Emissions HCl 

Straw, grain, grass Anti-corrosion: temperature control, 
automatic cleaning of heating 
surfaces, protective coatings on 
pipes. Against the emission of HCl: 
purification of flue gases 

S* <0,1 Corrosion Straw, grain, grass Anti-corrosion: see for Cl 

Ca** < 15 Deposit formation Straw, grain, grass Control of temperature in the furnace

Mg** > 2,5 Deposit formation Rare species See for Ca 

K* <7,0 Deposit formation 

Corrosion 

Straw, grain, corn, 
grass 

Anti-corrosion: see for Cl 

Against deposit formation: see for Ca

Na** <0,6 Fusibility 

Build-up 
Corrosion 

Straw, grain, grass Anti-corrosion: see for Cl 

Against deposit formation: see for Ca

Zn** <0,08 Recycling of 
ashes 

Bark, wood mass Fractional separation of heavy 
metals 

Cd** < 0,0005 Recycling of 
ashes 

Bark, wood mass Fractional separation of heavy 
metals 

 

*  Given on the basis of dry coal 

** Given on the basis of dry ash 
 

Appropriate micro-climate has to be sustained within the boiler room. It must not 
have negative effects on the personnel.  

Maximum allowed levels of smoke gases in air for work and life environment to be 
secured by thermal energy equipment and boiler operators are listed in Table 8. 

Table 8. Maximum allowed levels (MAL) of smoke gases in air for work and life 
environment (SRPS Z.BO 001) 

Chemical substance Unit 
MDK* for life 
environment 

8h 

MDK* for life 
environment 

24 h                    1h 

1 2 3 4 
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1 2 3 4 

Nitric oxides (NOx) mg/m3 6,0 0,085               0,15 

Aliphatic hydrocarbons 
(AlCH), Tk = 141-200ºC 

mg/m3 300 - 

Benzene (C6H6) mg/m3 3,0 0,8 

Toluene (C6H5CH3) mg/m3 375 7,5 

Xylene (C6H4(CH3)2) mg/m3 435 - 

Carbon monoxide (CO) ppm (ml/m3 ) 50    (55) 4,4 (5)           8(10) 

Carbon dioxide (CO2) mg/m3 - - 

Sulfur dioxide (SO2) mg/m3 5,0 - 
 

* MALK – Maximum allowed levels of smoke gases in air during 8h exposure within 
work environment in accordance with maximum allowed levels of harmful gases, 
steam, and aerosols in the work and auxiliary rooms’ atmosphere, SRPS Z.BO 001. 
 

3.4.2. Marginal values of gas emission for specific types of furnaces. 

Regulations in Serbia 
Boiler facilities in Serbia have to meet the regulations of the Government of Republic 
of Serbia concerning the marginal values of hazardous air pollutants (Official Gazette 
of the Republic of Serbia, no. 71/2010), for low power furnaces - less than 1 MWth 
(article 19, apendix II). One should also take into consideration the immission values 
regulated by the rulebook on borderline values, imission measuring methods, 
measure locations set up criteria and data records (Official Gazette of the Republic of 
Serbia, No. 19/2006) 

In Table 9 are given emission limits for combustion of biomass. 

Table 9. Borderline emission values (BEV) for small solid fuel combustion facilites 
(Regulation, Official Gazette of the Republic of Serbia, No. 71/2010) 

 

Table 10 provides marginal values of emissions for gas fuelled furnaces (natural 
gas). 

 

 

Parametar Vrednost 

Smoke number < 1 

Carbon monoxide , CO (500 kW do 1 MW) 1.000 mg/nm
3 

Nitric oxides, as  N2 (100 kW do 1 MW) 250 mg/nm
3 

Volume of O2 (other solid fuels (biomass)) 13% 

Allowed heat loss (50 kW do 1 MW) 12% 
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Table 10. Marginal values of emissions(MVE) for small facilities for the combustion of 
gas fuel (Regulation, “Official Gazette of the Republic of Serbia”, no 
71/2010) 

 

Table 11 provides marginal values of imissions (MVI) of gases in inhabited locations 
in open space. 

Table 11. Marginal values of emissions (MVI) of gases, soot, suspended particles and 
heavy metals, sediment andaerosediment content, (Rulebook, “Official 
Gazette of the Republic of Serbia”, no 54/92, 30/99 and 19/2006) 

Contaminat. 
matter 

Unit of 
measurem. 

Total CO NO2 SO2
Soot Susp. 

particles 
Pb Cd Zn Hg

Gases, soot 
and susp. 
particle 

µg/m3/dan 413,01 5 85 150 50 120 1 0,01 1 1 

Sediments µg/m2/dan 655 -  -   250 5 400  

Sediment 
matter 

mg/m2/mes. 450 - - -  - - - -  
 

3.5. Necessary amount of biomass for hourly and seasonal work of the 
boiler facility 

3.5.1. Hourly consumption of biomass 

Maximum declared hourly consumption of biomass of the boiler facility in Bor can be 
calculated as a quotient of declared thermal power of the facility and the product of 
the degree of usefulness of the facility and thermal power of the fuel (biomass) to be 
burnt. For the approved starting information, hourly biomass consumption of the 
facility is: 

mG = Q /  x hd = (70 x 3600) / (0,88 x 16.900) = 16.9 kg/h  

where are:  

 mG [kg/h] - fuel consumption. 

 Q [kW] - power of the hot water boiler facility, 

     - -  - level of efficiency of the boiler facility, 

 hd [kJ/kg] - lowest thermal power of selected biomass. 

3.5.2. Seasonal consumption of biomass 

Seasonal consumption of biomass as fuel is subject to change and mostly depends 
on external i.e. exploitation conditions during the heating season. It has been 

Parameter Value 

Carbon monoxide , CO (400 kW do 10 MW) 80 mg/nm
3 

Nitric oxides, as N2 ( water  < 110oC, > 0,05 MPa) 100 mg/nm
3 

Volume of O2 3% 
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confirmed that maximum thermal power of heating facility fuelled by biomass is 900 
kW and that all larger heat losses will be compensated for by natural gas.  

Based on this, yearly biomass consumption can be calculated by the following 
equation:  

mG/god= 24 x·3.600·x e x·y·x SD x·Q / (hd·x ·x (tu  - ts)) = 24·x 3.600·x 0,81·x 0,8·x 
2.700·x 70 / (16.900·x 0,88·x (20-(-18))  = 16,380 kg/year  
 

where are:  

e = et x eb - 
- quotient of thermal and exploitation limit, 0,9 x 0,9 
= 0,81, 

y  - - correction quotient (pause in  heating, wind), 0,8 

SD  - 
- number of degree-days,  
                      195 dana x 15oC = 2.925odays 

Q  [kW] - necessary amount of heat for heating,  

hd  [kJ/kg] - lowest thermal power of the fuel (13.500),  

  - - level of efficiency of the facility (0,83),  

tu  [oC] 
- internal temperature of the heated space 
  (20oC) and  

ts  [oC] - projected external temperature (-18oC).  
 

With the average bulk density of 630 kg/m³, the suggested pellet mass for the plant 
work during the whole heating period would have a volume of 29.7 m³. This could be 
set in the 3x5x2 m warehouse. As the procurement of the pallet according to needs is 
planned, the suggested warehouse will not be built and the pellet will be stored in the 
metal bin near the plant. The pellets will be transported in a truck with a smaller 
capacity wich has rear unloading (Fig. 17). 

. 

Fig. 17. Unloading of pellets in the receiving bin power plant 

Potential biomass suppliers  

The realization of Assignment 1 showed that Bor municipality has large quantities of 
biomass that surpass more than hundred times the necessary biomass for operating 
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70 kW system, whereas some of the potential biomass suppliers are stated in the 
Table 12. 

Table 12. Potential suppliers of systems for biomass combustion 

Number Name Town Address 

1. Bio-therm d.o.o. Guča 32235 Vučkovica 

2. Gota Pellets d.o.o. Bajina Bašta MilenkaTopalovića100/a

3. “Zelena Drina “ doo Bajina Bašta Milana Obrenovića bb 

4. Beocontrol Beograd Mihajla Avramovića 42 
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3.6. Economic analyses of construction the heating facility 

3.6.1. Current price of the heating energy from the used components  

Taking into the consideration that biomass will be purchased immidiately after 
harvest when the bale price is lowest and the quality is highest and by proceeding 
the public procurement procedure with all related transport costs of biomass in 
chapter 1.3 starting price of wood pellets is 17,8 din/kg. Price of electrical energy 
which will be used for comparison in the calculations is 6,84 din/sm3 with the trend of 
constant increasing in prices. 

Comparative prices of heat from wood pellets and electricity is given in Table 13. 
Calculation was done with the relationship dinar: euro – 1 : 105 

Table 13. Analyses of the quantity and prices of heating energy for the period 
2011/2012 

No. Parameters for analyse Used materials 

  

Electrical energy 
(low voltage 0,4V) 

Biomass Higher tariff 

80% of 
consuption 

Lower tariff 

20% of consuption 

1. Price of energy 6,84 din/ kWh 2,28 din/kWh 17,8 din/kg 

2. Thermal power (hd) 3.600 kJ/h 3.600 kJ/h 16.900 kJ/kg 

3. Energy power 1,0 kWh/h 1,0 kWh/h 4,69 kWh/kg 

4. The number of heating days per year 180 days 180 days 180 days 

5. 
The number of heating hours per year 
(h) 

2.016  504  2.520  

6. Nominal thermal power plants (kW) 70  70  70  

7. Hourly energy consumption  71,4 kWh /h 71,4 kWh /h 16,9 kg/h 

8. The degree of utility plant 0,98 0,98 0,88 

9. 
The total annual energy consumption 
(kWh) 

77.507 19.377 22.931  

10. Total price for the purchase of energy 638.059 408.186 

11. Total annual energy consumption (kJ) 279.024.486 69.756.122 387.547.577 

12. Total annual energy consumption kWh 96.884 107.652 

13. Unit cost of thermal energy (din/kWh) 6,59 3,79 

14. Total annual energy costs (din) 638.059  408.186  

  6.077 evra 3.887 evra 
 

* - One euro is 105 dinars. 
 

From the Table 13 above with the simple comparison we can see that biomass used 
in form wood pellets is 1,56 times cheaper from the electric energy technically 
speaking. This ratio will be lower when we add in calculation all other related costs: 
increased costs for construction of the biomass facility, price of the capital, higher 
maintenance costs, labor,etc.  
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Table 14. Structure of the total investment 

INVESTMENT FINANCIAL SOURCES 

    Bank-funds Own TOTAL 

I Fixed assets 4.506.810 500.757 5.007.567 

1  Construction of the facility 1.122.165 124.685 1.246.850 

2  Equipment – boiler 1.430.028 158.892 1.588.920 

3  Heating pipes-instalation 1.954.617 217.180 2.171.797 

II Project documentation 0 250.378 250.378 

III Working capital 0 52.710 52.710 

  
TOTAL INVESTMENT VALUE  
(I+II+III) 

4.506.810 803.845 5.310.656 

 

It is also planned to allocate funds from its own costs for the project documentation. It 
is estimated that from the own resources 10% of the total investment value will be 
financed which is on the line with financing conditions from the development funds 
mentioned bellow in the section 3.6.2.2.b. 

3.6.2. Financial effectiveness with the profitability analyses 

3.6.2.1. Calculation of incomes and expenses 

Projection the cost structure of heating energy is showed in Table 15. 

Table 15. Cost projection of 1kWh of required energy 

Structure of production Produced energy Unit price Total amount 

 kWh din/kWh din 

Heater – biomass (100%) 107.652 3,79 408.186 

Total 107.652 3,79 408.186 
 

The average seasonal price of produced 1 kWh of energy for heating 5.030 m2 facility 
in Bor will be 3,79 din/kWh. 

Table 16.  Income statement -  current operations 

No ELEMENTS Unit Unit price Quantity 
Total amo. 

2011 
Struct. 

(%) 

1 2 3 4 5 6 7 

A REVENUE     1.585.265   

 Heating of the premises (production costs) m2 3.895,00 407,00 1.585.265  

B OPERATING COSTS     1.052.183   

 Material costs(produced energy) din/kWh 6,59 96884,00 638.059 40,26

 Costs of energy (electricity, water)   19000,00 19.000 1,20

 Costs of equipment and instalation   395.124 24,93

C TOTAL COSTS (B+E+F1+G1)   1.584.989  

D GROSS PROFIT (A-B)     533.082   

E GENERAL/ADMIN. EXPENCES     382.806   
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1 2 3 4 5 6 7 

 Gross salaries worker 618.000,00 0,50 309.000 19,50

 Cost of services(maintainance costs,etc.)  63805,86 63.806 4,03

 Nonmaterial costs    10.000 0,63

F INCOME WITH DEPRECIATION (D-E)    150.276   

F1 Depreciation    150.000 9,46

G OPERATING INCOME (F-F1)     276   

G1 Interest costs  0 0,00

H INCOME BEFORE INCOME TAXES (G-G1)    276   

 Income taxes  0  

I NET INCOME  (NI)    276   

 
Purpose of this study was to analyze economic feasibility of the investment in 
construction and equipping new boiler facility on biomass fuel. 

Analyses of the current gas boiler facility shows that total costs of production of 
energy are taken as a base for calculating cost of production of energy in facility 
of 407 m2, which is 3.895 din/m2 so profit basically does not exist since we are 
calculating savings in costs as a feasibility of the new investment. 

Table 17. Projected income statement -  first year of operations 

No ELEMENTS Unit Unit price Quantity 
Total amo. 

2011 
Struct. 

(%) 

A REVENUE    1.585.265  

 Heating of the premises (production costs) m2 3.895,0 407,0 1.585.265  

B OPERATING COSTS    432.186  

 Material costs(produced energy) din/kWh 3,79 107.652,0 408.186 29,40 

 Costs of energy (electricity,water)   24.000,0 24.000 1,73 

C TOTAL COSTS (B+E+F1+G1)    1.388.620  

D GROSS PROFIT (A-B)    1.153.079  

E GENERAL/ADMIN. EXPENCES    608.361  

 Gross salaries worker 618.000,0 0,5 309.000 22,25 

 Cost of services(maintainance costs,etc.)   48.982,3 48.982 3,53 

 Nonmaterial costs    250.378 18,03 

F INCOME WITH DEPRECIATION (D-E)    544.719  

F1 Depreciation    190335 13,71 

G OPERATING INCOME (F-F1)     354.384  

G1 Interest costs    157738 11,36 

H INCOME BEFORE INCOME TAXES (G-G1)    196.645  

 Income taxes    0  

I NET INCOME  (NI)    196.645  
 
 

Structure of revenue  

In the structure of the revenues in upper table total costs of heating are calculated 
and based on those costs and lower costs of new investment net income is 
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calculated. This net income represents savings in costs based on new 
technology and investment in construction and equipping of biomass boiler. 

Due to the usage of new biomass boilers costs of energy, water and costs of services 
are gradually increased. Increase of those costs is impact of usage technology of 
combusting of biomass which requires additional costs. 

Already in firts year of the new investment business is positive, net income is 
196.645 din.  

Projected income statement has been prepared for 5 years with proportional increase 
of incomes and expences. 

Table 18. Projected income statement 2012 - 2016. year 

  Year 2012 2013 2014 2015 2016 

A REVENUE  1.585.265 1.696.234 1.814.970 1.942.018 2.077.959

 Heating of the premises (production costs 2011) 1.585.265 1.696.234 1.814.970 1.942.018 2.077.959

B OPERATING COSTS 432.186 436.508 440.873 445.281 449.734 

 Material costs (produced energy) 408.186 412.268 416.390 420.554 424.760 

 Costs of energy (electricity,water) 24.000 24.240 24.482 24.727 24.974 

C GROSS PROFIT (A-B) 1.153.079 1.259.726 1.374.097 1.496.736 1.628.225

D GENERAL / ADMIN. EXPENCES 608.361 371.562 375.178 378.830 382.518 

 Gross salaries 309.000 312.090 315.211 318.363 321.547 

 Cost of services(maintainance costs,etc.) 48.982 49.472 49.967 50.467 50.971 

 Nonmaterial costs 250.378 10.000 10.000 10.000 10.000 

E INCOME WITH DEPRECIATION (C- D) 544.719 888.164 998.919 1.117.907 1.245.707

 Depreciation 190.335 181.277 172.729 164.660 157.040 

F OPERATING INCOME (E-E1)  629.035 654.895 673.811 692.407 710.709 

 Interest costs 157.738 128.323 97.878 66.368 33.755 

G INCOME BEFORE INCOME TAXES (F-F1) 196.645 578.564 728.312 886.879 1.054.912

 Income taxes 0 0 0 0 0 

H NET INCOME (NI) 196.645 578.564 728.312 886.879 1.054.912
 
Income structure 

Projected income statement is prepared for 5 years since 5 year projection according 
to Serbian development fund hat achieved optimization of parameters of assessment 
of financial efficiency.  

In the first year operating income is equal to total costs with old boilers. Further in 
remaining years 7% annual increase is calculated based on the yearly increase of 
natural gas which is even more, according to the general increase of prices of natural 
gas.   

Structure of the costs 

Operating costs as well as general/admin. expences are increased 1% on annual 
bases.  

In the structure of income statement income tax is not calculated since there is no 
realized incomes hence investment should decrease cost of energy production. 
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We can conclude that project is profitable from the first year of implementation since 
net income is positive from the first year.  

Table 19. Depreciation calculation 

No. Description of the fixed assests Investment value Depriciation rate Value 2012. 

1. 
Equipment – boiler Construction 
of the facility 

1.588.920  0,066 104.869 

2. Construction of the facility 1.246.850 0,025 31.171 

3. Heating pipes-instalation 2.171.797 0,025 54.295 

Total 5.007.567 190.335 

 

In calculation of the depreciation rate for item 1, rate is 6,6% for the depreciation 
period of 15 years. In calculation of the depreciation rate for item 2 and 3, rate is 
2,5% for the depreciation period of 40 years.  
 

3.6.2.2. Financial and economic cash flow 

a) Financial cash flow – is specific cash-flow which purpose is to show enterprise 
liquidity. As well as income statmenet shows all incomes and expences also 
financial cash-flow shows all money incomes and costs.  

Table 20. Financial cash-flow 

 Year 0 2012 2013 2014 2015 2016 

A INFLOW (1+2+3+4) 5.310.656 1.585.265 1.696.234 1.814.970 1.942.018 6.272.195

1 Total revenue 1.585.265 1.696.234 1.814.970 1.942.018 2.077.959

2 Source of financing 5.310.656        

 a/  Loan sources 4.506.810   

 b/  Own capital 803.845   

3 Remaining value-fixed assets   4.141.526

4 Remaining value-working capital 
  

52.710

B OUTFLOW (5+6+7+8+9+10) 5.310.656 2.068.464 1.811.008 1.819.956 1.828.344 1.836.840

 Investments 5.310.656        

 a/  Fixed assets 5.007.567   

 b/  Working capital 52.710 29.743 4.764 5.731 6.058 6.414

 c/  Project documentation 
250.378   

 Material costs (produced energy) 408.186 412.268 416.390 420.554 424.760

 Costs of energy (electricity,water) 24.000 24.240 24.482 24.727 24.974

 Gross salaries 309.000 312.090 315.211 318.363 321.547

 General/admin. expences 608.361 371.562 375.178 378.830 382.518

 Annuity (1+2) 998.175 998.175 998.175 998.175 998.175

 1. Interest costs 157.738 128.323 97.878 66.368 33.755

 2.Instalment 840.436 869.851 900.296 931.807 964.420

C INCOME (A-B) 0 -483.199 -114.774 -4.987 113.674 4.435.355
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b) Loan repayment plan 
 

In exploring financing sources for the investment current possible funds are:  

Serbian fund for environmental protection 

Loans are available for repayment period of 5 years with the possibility of grace 
period of one year. Bor belongs to another group that is not subject to financing and 
will implement the requirements Fund for Environmental Protection. 

Serbian fund for environmental protection 

Loans are available for repayment period of 7 years with the possibility of grace 
period of one year. Annual interest rate is 3% with the down payment of 10-30% 
depends on loan securities. Biggest amount of loans available is 50 million dinars. 

Table 21. Loan repayment plan 

 Investment-fixed assets 5.007.567  

 Loan amount (55%) 4.506.810  

 Interest rate 3,5%  

 Years 5  

 Yearly number of instalments 4  
    

No. Annual instalment Annual interest rate Annual annuity 

1 840.436 157.738 998.175 

2 869.851 128.323 998.175 

3 900.296 97.878 998.175 

4 931.807 66.368 998.175 

5 964.420 33.755 998.175 

TOTAL 4.506.810 484.062 4.990.873 

 
When loan repayment calculated it was considered that loan money for this purposes 
could be obtained under preffered rates which are suitable for projected repayment 
period and considered interest rates of 3,5% which is 0,5% higher than available at 
the fund. 

It is considered taking loan in percentage of 90% of the investment from republic 
development funds. Remaining value of 10% should be obtained from the own 
resources or from the donor money and are not calculated with the interest rates. 
 

c) Economic flow  is cash-flow projected to provide estimation of the profitability but 
considered over the year of the project implementation. Economic flow in his inflows 
consider total revenue plus remaining value of the fixed assets and does not include 
source of financing. They are not considered since in the profitability computation 
should be seen at what extend and period project can pay back investments. 

On the other hand in the outflows all investment costs are considered. Becouse of 
this in the expences depreciation is not calculated, if this should have been done 
“costs” related to fixed assets would be counted twice.  
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Tab. 22. Economic flow of the project 

 Year 0 2012 2013 2014 2015 2016 

A INFLOW (1+2+3) 0 1.585.265 1.696.234 1.814.970 1.942.018 6.272.195

1 Total revenue 0 1.585.265 1.696.234 1.814.970 1.942.018 2.077.959

2 Remaining value-fixed assets      4.141.526

3 Remaining value-working capital      52.710 

B OUTFLOW (4+5+6+7+8) 5.310.656 1.070.290 812.833 821.782 830.169 838.666 

4 Investments 5.310.656           

 a/  Fixed assets 5.007.567      

 b/  Working capital 52.710 29.743 4.764 5.731 6.058 6.414 

 c/  Project documentation 250.378      

5 Material costs (produced energy)  408.186 412.268 416.390 420.554 424.760 

6 Costs of energy (electricity,water)  24.000 24.240 24.482 24.727 24.974 

7 Gross salaries  309.000 312.090 315.211 318.363 321.547 

8 General/admin. expences  608.361 371.562 375.178 378.830 382.518 

C INCOME (A-B) -5.310.656 514.975 883.400 993.188 1.111.848 5.433.529
 

3.6.2.3. Feasibility evaluation of the project 

When the table of the economic flow is projected and appropriate incomes are 
calculated (net-incomes) this is the point when project valuation can start. Investment 
projects are basically rated according to the two type of the ratios: first is based on 
the static parameters (static evaluation) and second are based on dynamic 
parameters (dynamic evaluation) of the project efficiency. 

Static evaluation is based on individual ratios that are calculated from the income 
statement and financial cash-flow and from balance sheet from the “representative 
year” of the project implementation (normaly it is 5th year). In our case we will use as 
reference year third year of project implementation. 

Number of ratios that will be calculated are: 

 Profitability ratio 

 Cost of the project ratio 

 Accumulation ratio 

Dynamic evaluation - with this evaluation is is foreseen to calculate two major 
parametars, liquidity and profitability of the investments.  

Number of ratios that will be calculated are: 

 Time of return of investments 

 Liquidity of the project (liquidity in certain year of the implementation and 
general liquidity which will be assessed by comparing cumulative inflows and 
outflows) 

 Internal rate of return 

 Net present value 
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3.6.2.3.1 Static evaluation of the project 

In order to asses static parametars values from the income statement are used for 
the year 2015 since project liquidity is from the first year of project implementation. 
 

a) Profitability ratio 
 

Profitability rate  = ( Net income : Total revenues x 100 ) 
 

R =  728.312 / 1.814.970 x 100 =  40,1% 
 

b) Cost of the project ratio 
 
Cost of the project rate (Total revenues : Total expences x 100 ) 
 

E =  1.814.970 / 1.086.658 x 100 = 167% 
 

c) Accumulation ratio 
 
Accumulation rate (Net income / Total investment x 100) 
 

A = 728.312 / 5.310.656 X 100 = 13,7 % 
 

Accumulation rate was calculated in relation to the total investment value for the 
project. 

3.6.2.3.1 Dynamic evaluation of the project 

 

a) Time of return of investments 

Time of return of investments shows the period of time that money invested in project 
will be returned to investor. In this calculation time of return was calculated 
based on the value of total investment. Net incomes are basicaly decreased 
costs compared to ”old investment”.   

Calculation of this ratio is relatively strait: amounts of annual net incomes are 
deducted from amounts of annual investments in economic flow. 

Table 23. Time of return of investments 

Years in project 
implementation 

Net incomes 
Unpaid investment 

instalment  

"O"  -5.310.656 

2012 514.975 4.795.680 

2013 883.400 3.912.280 

2014 993.188 2.919.092 

2015 1.111.848 1.807.244 

2016 5.433.529 -3.626.285 

VPI= 4,5  
 
Time of return of investments is 4,5 years. Since investment amount is relatively high 
this is optimum period of return of investments having in mind that 100% of the 
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investment is compared. Structure of net incomes is optimal and this time of return 
could be shorter which will depend on costs of materials, amount of the investments 
as well as from management which will be separately evaluated later in sensitivity 
analyses. 
 

b) Liquidity of the project 
 

Based on the projected financial cash-flow analyses it can be concluded that project 
liquidity is full in whole implementation period of 5 years. 

We can conclude that project is liquid from the first year of project implementation. 
This is mainly becouse of high reduction in costs and investment is feasible since 
liquidity is not in danger.  
 

c) Internal rate of return 
 

Table 24. Internal rate of return calculation 

 Discount rate 10,00%  

Year Net incomes Discount rate Net present value 

0 -5.310.656 1,00000000 -5.310.656 

1 514.975 0,90909091 468.159 

2 883.400 0,82644628 730.083 

3 993.188 0,75131480 746.197 

4 1.111.848 0,68301346 759.407 

5 5.433.529 0,62092132 3.373.794 

  NSV: 766.985 

    

 Discount rate 15,00%  

Year Net incomes Discount rate Net present value 

0 -5.310.656 1,00000000 -5.310.656 

1 514.975 0,86956522 447.805 

2 883.400 0,75614367 667.977 

3 993.188 0,65751623 653.037 

4 1.111.848 0,57175325 635.703 

5 5.433.529 0,49717674 2.701.424 

  NSV: -204.709 

  ISR= 13,90 

 
Internal rate of return is calculated as follows:                  
 

10 + [766.985 x (15- 10) : (766.985 +204.709)]= 13,90% 
  

Since calculated amount of ISR = 13,9% is higher from weighted value of the 
discount rate which relates to the financial interest rate (3%), and based of this 
calculation project is acceptable to be implemented.  
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d) Net present value of the project 

Method of discounted cash-flow (DCF) value represents sum of present values of 
future cash-flows that company generates. It is important to calculate future values of 
cash-flows which are further discounted with related rate which represents business 
risk with evaluate present values.  

Table 25. Relative net present value calculation 

 Discount rate 10,00%  

Year Net incomes Discount rate Net present value 

0 -5.310.656 1,00000000 -5.310.656 

1 514.975 0,90909091 468.159 

2 883.400 0,82644628 730.083 

3 993.188 0,75131480 746.197 

4 1.111.848 0,68301346 759.407 

5 5.433.529 0,62092132 3.373.794 

 3.626.285 NSV: 766.985 

   RNSV= 14,4 
 

Relative net present value is calculated as follows: 
 

RNSV= 766.985 / 5.310.656 X 100 = 14,4% 
 

3.6.2.4. Sensitivity analyses and risk assesment 

3.6.2.4.1. Static sensitivity analyses 

Is related to the analyses of the critical break-even point, to evaluate static points in 
business where results are changed from positive to negative.  

Variables that are mostly calculated are: (I) minimum utilization rate; (II) break-even 
point 
 

a) Minimum utilization rate ratio 
 

This indicator represents break even point in utilization of the production capacity, i.e. 
determines the lowest capacity utilization where business is still generates profit. 

This ratio is calculated as follows: 

Utilization rate ratio (%)= Total fixed costs / Revenues – variable costs 

Utilization rate ratio  = 47% compared to year 2014. 

Table 26. Profitability break even point 

 Years 2012 2013 2014 2015 2016 

1 2 3 4 5 6 7 

1 Total revenue 1.585.265 1.696.234 1.814.970 1.942.018 2.077.959 

2 Variable costs 432.186 436.508 440.873 445.281 449.734 

3 Fixed costs 956.434 681.162 645.785 609.858 573.313 
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1 2 3 4 5 6 7 

4 Gross margin(TR-VC) 1.153.079 1.259.726 1.374.097 1.496.736 1.628.225 

5 Profitability break even point  
FC/TR-VC 1.314.915 917.192 852.982 791.291 731.668 

 Fixed/margin rate 82,9% 54,1% 47,0% 40,7% 35,2% 

 

From the above calculations we can conclude that project for construction and 
instalation of thermoenergetic facility is profitable, break even point-costs of 
production per 1m2 decrease is from 17,1% until 64,8% in full implementation year. 

3.6.2.4.2. Dynamic sensitivity analyses 

Is related to the analyses of the type and direction of the changes of dynamic 
parametars of effectiveness when chosed variables are changed. 

Variables that are most commonly analysed are: 

 Input costs – changes are analysed based on the changes of input costs for 
the related investment 

 Investment costs – changes related to the different construction, equipment 
costs, etc. are analysed 

Table 27. Dynamic sensitivity analyses 

Parametars % change TRI PR IRR RNPV 

Scenario - Input costs 
changed      
Cost of produced energy 
(straw costs) -10,00 4,4 44,0% 14,8 17,8 

Cost of produced energy 
(straw costs) +10,00 4,6 38,0% 13,1 11,1 

Scenario - Investment costs 
changed 

     

IV -10,00 4,3 41,0% 15,3 19,9 

IV 30 - 70 4,0 41,0% 21,7 59,6 

Subsidies : loan 50 - 50 3,1 43,0% 26,8 116,5 

Subsidies : loan      

Best case scenario 
-10,00 

50 - 50 

3,0 

 

43,0% 

 

27,6 

 

125,6 

 

IV 

Subsidies : loan 
-10,00 4,4 44,0% 14,8 17,8 

 
where are: 
 TRI – Time of return of investments,  

 PR – Profitability rate,  

 IRR – Internal rate of return,  

 RNPV – Relative net present value,  

 IV – Investment value  
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From the results of this analyses the following conclusions are: 

 
Scenario - Input costs changed 
 

 There is much lower degree of sensitivity to variation in the price of straw 
which has a positive effect on profitability and payback time. If contracted 
supply of straw from local farmers it is expected that price will be stable 
comparing with constant increase of natural gas prices. 

 
Scenario - Investment costs changed 
 

 Higher degree of sensitivity is If investments are more efficient i.e. lower, there 
will be decrease in TRI, IRR and RNPV will be higher. It is expected that when 
business plan for final investment and tender will be realized prices of 
investment will drop from 5-15% respectively. 

 If investment would be financed 100% by loans it would not be possible to 
take loan from commercial banks since IRR is slightly positive while 
profitability is still high thus development funds will be the main sources of 
financing. 

 
Best case scenario 
 

 Focus in next period should be in optimization of the investments and usage of 
development funds from IPA preaccesion programs for financing projects 

 
3.6.2.4.3. Potential risk analyses 

In Table 28 potential risk analyses is presented with type of risk and preventive 
measures for the investment of thermoenergetic facility 

Table 28. Potential risk analyses 

No. Risk type NO/YES Preventive measure 

1. 
Reducing the need for 

service 
NO 

Keeping energy prices on stable level. 
Prices of energy could be controled, 

even decreased if boilers are replaced 

2. 
Irregularity in supply of raw 

materials or spare parts 
NO Slabile contracts for biomass suply 

3. 
Unequal quality of raw 

materials or spare parts 
NO Slabile contracts for biomass suply 

4. Lack of skilled labor NO Additional training for working with new 
boilers 

5. 
Changing the value of 

money in country 
YES 

Stable financing resources and reducing 
the need of gas usage 

6. 
Changing prices for raw 

materials 
YES Slabile contracts for biomass suply 

7. Changed market regulations YES Project should be fully adopted with the 
EU requirements in next 5-10 years 
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3.6.2.5. Analyses of financial sources and financial liabilities 

In the projected investment 90% of the investment will be provided from the loan, 
while another 10% will be from own resources or other grant sources. It is estimated 
that loans will be taken from domestic resources (National investment fund, 
Vojvodina development fund, Serbian development fund, etc.). For the remaining 
contributions there should be subsidies obtained from Serbian funds as well as EU 
IPA pre accesion funds for improving energy efficiency on local level.  

3.7.3. Economic evaluation of the project 

Major conclusions of the economic evaluation – investment feasibility of the 
thermoenergetic facility for heating public facility in Brestovačka banja, Bor 
Municipality are as follows: 

 Liquidity of the project after first year of investment 

 Project need to provide 10% of own financial resources 

 Cost of the project ratio is (167%) and accumulation ratio is (13,7%) 

 Project is very profitable (40,1%) in all implementation years 

 Time of return of investments is 4 years and 5 months 

 Project is with low risk 

 Public approval is high – biomass will be obtained from local fields and 
dependance on imported gas will be reduced 

3.6.4. Summarized economic feasibility investment evaluation 

Based on the proposed technology, analyses of economic parameters as well as 
finacial analyses overall conclusions are: 

 Study shows that investment in biomass boilers is feasible for heating 
choosed public facilities in Bor Municipality, 

 Economic parameters are positive for usage of biomass in region of Bor 
Municipality which affects increased household incomes, 

 Looking in the long term dependance on imported natural gas is excluded 
which price is constantly increasing, 

 Looking in long terms it is advicable to increase incomes from renting the 
facility for some sports activities which will increase profitability and payback 
period, 

 Stability of supply of raw materials and price stability of heating costs will be 
achieved as well as decrease of heating costs will be obtained on the long run, 

 There is very high public impact since biomass will be purchased from the 
local fields while farmer incomes will be increased,  

 Worst case scenario – is if 90% of the loan is taken from development fund 
and if energy price increase for 10% (Tab. 27), but in this scenario all results 
are positive, profitability rate is 38%, IRR is 13,1%, time of the ivestment return 
is 4,6 years. 

 Optimum scenario – 30% potential subsidy/grant and loan  from 
development fund of 70% (Tab. 27). Results are very positive, time of the 
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ivestment return is 4 years and after this period price of heating per 1 m2 could 
drop by 59-60% (Tab. 26).   

 The best case scenario – 50% potential subsidy/grant and loan  from even 
commertial of 50% (Tab. 27). and increase in investment costs of 10%. IRR 
here is 27,6% , time of the ivestment return is 3,2 years  godine and after this 
period price of heating per 1 m2 could drop by 53% (Tab. 26). 
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3.7. Conclusions 

Bor municipality has at its disposal 3.940 ha of agricultural soil and 31.758 ha of 
forests.  

Total average sown area is 3.940 ha, with 1.736 ha under corn, 1.574 ha under 
wheat, 357 ha under barley and oats 189 ha. Other cultures hold less than 100 ha.  

It is estimated that the total amount of agricultural biomass that can be gained from 
aforementioned agricultural land is 12.130 t annually, when it would be converted into 
energy 167.056.705 MJ of thermal energy would be gained. 

The most important criteria when selecting public use property to be heated by 
thermal energy gained from biomass combustion are: 

 that they are public use properties significant to local self-government,  

 the it is one or more properties, that have need for large amount of thermal 
energy,  

 that properties located in places in proximity to existing pipeline of town’s 
central heating system, i.e. that they are located in places where city’s central 
heating network will not reach in foreseeable future,  

 that selected locations have enough space for the construction the boiler plant 
and smaller biomass depot, including physical separation from existing units, 
(manly due to hygienic and fire safety requirements),  

 that the location for construction of the facility is in the vicinity of existing gas or 
liquid fuel powered boilers, so that systems of boiler facilities can work 
complementarily, i.e. to use joint collectors,  

 that properties have satisfactory internal pipe network of heating units or that it 
does not have any installations so the internal heating installation of adequate 
technical characteristics can be designed and built,  

 that the owner of the location where the boiler plant and depot are planned is 
known,  

 that pipe installation between several selected objects will not be overly long 
and complex for construction and 

 that there are adequate access roads for depot facilities for delivery of biomass 
for combustion and other purposes. 

Considering set criteria and on the basis of the perceived situation of properties  of 
stated public services and institutions in the Bor Municipality, as well as on the basis 
of the proposal of municipal management, and in agreement with the representative 
of UNDP Serbia, it has been decided that heating with the system powered by 
biomass be planned in four public use properties in Brestovačka banja: 
 

 Castle of King Aleksandar Karadjodjević   

Starting with selected types and forms of biomass to be used for combustion, spatial 
limitations, ecological and legal norms and standards with the imperative for minimal 
expenses for the Bor Municipality thermo energetic facility where wood pellets 
burned by a stoker with a fixed andiron. 

The technology suggested has several important advantages that could be briefly 
described as the following: 
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 It combusts fuel (wood pellets) which is very common on the Serbian market. 
The fuel could be bought successively, i. e. as needed, which means that it is 
not necessary to buy the total amount of fuel needed once a year, 

 Combustion of wood pellets could be completely automated with a total 
mechanization of the pellet manipulation process, 

 Emission of harmful gasses could be maintained in the allowed limits, 

 The wood pallet combustion plant could be put in various modes and 

 While working in this plant, the wood pellets will not be affected by the problems 
of solubility as is the case with combustion of biomass form the agricultural 
production. 

It is defined that thermal energy facility for heating of selected properties in 
Brestovačka banja should operate as a combined facility running on both biomass 
and gas, and as such must satisfy the following technical, economic and ecological 
requirements: 

 That it produces required quantity of energy (70 kW). 

 That large rectangular bales of biomass of remnants of agricultural production 
can be used for combustion. 

 That existing equipment and infrastructure be used optimally. 

 That high level of cost effectivenessbe ensured in the operation of the facility, 
i.e. a competitive cost of production of thermal energy compared to production 
where only natural gas is used.  

 That environment pollution is in accordance with local and European norms. 

 That a high level of reliability and availability of the facility be ensured in all work 
modes. 

 That modern level of work management and control be ensured in both 
facilities.  

 That modern level of maintenance beensured with minimal expenses. 

 That during the manipulation of bales of biomass for combustion satisfactory 
hygienic conditions be maintained. 

It is expected that energy efficiency of the facilities for combustion of wood pellets in 
Brestovačka banja, during the work with bale humidity of 16%,will be 88%. 

The boiler will operate in the regime 90/70oC, a link to the facility will implement 
seamless insulated pipes with nominal diameter DN 50. 

For preparation of sanitary water, in the new boiler plant, standing hot water boiler 
from stainless material is planned, it volume is V=120 l.  

Expenses for the construction of the thermal energy facility for heating of public use 
properties in Bor, location: Brestovačka banja  are 5.257.945 din, for the value of 
euro of 105 din/euro.  

Cost of individual segments of the facility is: 

 Thermo-technical an processing equipment          1.490.776 din 

 Construction of the boiler plant building            1.246.850 din 

 Heating system                 822.434 din 



 

 

62 
 

 Substation in the building of the castle                                  92.427 din 

 Construction of the internal heating installations                            1.394.567 din 

 Project documentation               250.378 din 

Unit costs of the investment are: 

  Compared to installed power: 75.113,5 din/kW  

  Compared to heating area: 12.918,8 din/m2 

Maximum declared hourly expenditure of biomass in the boiler facility is 16,9 kg/h. 

Seasonal consumption of biomass as fuel is subject to change and mostly depends 
of external i.e. exploitation conditions during the heating season. According to total 
losses of selected public use properties in Bor is necessary to provide 22.931 kg/year 
of biomass (decided on wood pellets).  

With the average bulk density of 630 kg/m³, the suggested pellet mass for the plant 
work during the whole heating period would have a volume of 29,7 m³. This could be 
set in the 3x5x2 m warehouse. As the procurement of the pallet according to needs is 
planned, the suggested warehouse will not be built and the pellet will be stored in the 
metal bin near the plant. 

Economic appraisal of the project 

Considering the central fourth year of the project realisation, basic assumptions of 
economic  appraisal of the viability of the realisation of the thermo-technical facility 
for heating of public use properties in Brestovačka banja, the Bor Municipality can be 
listed in the following: 

 Project has been liquidated after the first year of its lifespan; 

 Project includes own participation of 10% of the investment value; 

 Project is economical (167%) and accumulative (13,7%); 

 Project is extremely profitable (40,1%) in all years if realisation; 

 Return of funds is at 5 years and 4 months; 

 Project is low risk and 

 Social validity is undisputed – biomass from agricultural land is used and 
dependance on gas delivery is reduced. 

Aggregate economic appraisal of the investment validity  

 Based on the proposed technology, analysis of economic parameters and 
financial analysis we can conclude the following: 

 Study has shown high validity of the investment in biomass boilers with respect 
to heating selected public use properties in Bor Municipality. 

 Economic indicator justifies the use if biomass in the region of the 
AlibunarMunicipality which influences the increased household income. 

 In long term, it removes the dependence on use of electrical energy whose 
price is constantly growing which influences the profitability of the boiler plant 
activities. 

 It increases the security of supply and reduces the risk of increase of cost of 
heating for end users.It also reduces long-term cost of heating.  
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 High social validity of the project due to use of biomass from regional producers 
with increased income of those households. 

 Least favourable option – it represents the scenario of taking a loan from the 
fund for development in the amount of 90% and the increase in the cost of straw 
energy by 10% (Tab. 27), but in this option all results are positive, profitability is 
47%, intern profitability rate of 13,1% is good, but this increases the time for 
return of the investment to 4,6 years at the most. 

 Optimal option – represents the scenario of securing grants for the 
implementation of 30% of the investment,and taking a loan in the amount of 
70% (Tab. 27). So the results in this option are also positive, but the time for the 
return of the investment is 4 years, after that period, heating costs per 1 m2 is 
reduced by 59-60% (Tab. 26), same as total heating costs. this option should be 
implemented in the following period and drastically reduce the heating costs. 

 The Best option – it represents the scenario of securing grants for 
implementation of 50% of the investmentand taking a loan even from 
commercial banks in the amount of 50% (Tab. 27), since the internal profitability 
rate is 27,6% in this option, with reduction of investment costs by 10%, this 
option promises the return on the investment in 3,2 years, and after that period 
the cost of heating per 1 m2 can be reduced by 53% (Tab. 26). 
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Apendix – Graphic Documentation 
 

 

 

1. Map of the settlement where the selected facilities are located,  

2. Situational plan with facility layout, 

3. Facade appearance of the castle of King Alexander Karađorđevića,  

4. Ground fundations, 

5. Floor fundations, 

6. Loft fundations, 

7. Situational plan with facility layout of the new boiler building on biomass and 
pipeline route towards selected objects,  

8. Technological scheme of plant biomass  

9. Disposition of equipment in the boiler plant biomass and 

10. The scheme of connecting thermo technical elements in the plant biomass. 

 


