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1 Project Description 

1.1 Brief description of the Project 

 

The project is planned to present the conceptual design of a biomass heating plant 
and distant heating system in the municipality of Titel. In the frame of the project 
were analyzed the two solutions of heat sources: 

� biomass heating plant and 
� biomass cogeneration plant. 

 
The project was planned for 37 buildings in the town of Titel (settlement Donji Titel) 
to be connected to distant heating system. 
 
Types of buildings that are scheduled to join include: residential, commercial, 
residential - commercial and public buildings. The total heating surface is 39,210 m2. 
 

1.2 Overview of Project’s owner 

 

Project’s owner is Municipality of Titel.  
 
Address: Glavna 1, 21240 Titel, Republic of Serbia 
Phones: 021/860-186, 021/860-165 
Fax: 021/861-553 
Е-mail: uprava@opstinatitel.rs 
Web: http://www.opstinatitel.rs/ 
 

1.3 General data related to the site 

 
Fig. 1 Position of the municipality of Titel 

 
The municipality of Titel is located at the Southeast of Bačka region between rivers 
Danube and Tisza, Figure 1. The shape of municipality territory is irregular square. 
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The borders of the municipality are: river Tisza at the East, river Danube at the South 
and attars of other municipalities at the North and the West. The territory of the 
municipality has total area of 270 km2, where area of 190 km2 is arable land. 
Municipality of Titel consists of 6 villages (Figure 2): 
 

• Titel 68,6 km2; 
• Mošorin 68 km2; 
• Sajkas 38,6 km2; 
• Gardinovci 32,5 km2; 
• Lok 29,6 km2 and 
• Vilovo 26,1 km2. 
•  

 
Fig. 2 Position of the villages in the municipality of Titel 

 

 
Fig. 3 Roads and waterways of municipality of Titel 

 
Although two large rivers restrict Titel municipality with two sides, only two 
settlements are on the rivers. Town Titel is close to the right bank of the Tisza and 
can successfully use this waterway. Gardinovci is built on the armlet of the river 
Danube, which could be only navigable at high water levels. Mosorin, Lok, Vilovo 
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and Sajkas are still far from the rivers. Municipality of Titel is very well connected by 
roads to Novi Sad and Zrenjanin. These two roads and the waterway to Belgrade 
has a positive effect on the position of municipality of Titel Figure 3. 
 
The municipality of Titel does not have any road connection to Srem region. The  
closest bridge across the river Danube is near village Kovilj, 25 km upstream from 
the junction of the rivers Tisza and Danube. The total length of the roads in 
municipality of Titel is 48 km. 
 
The advantages of the municipality's position are reflected in several elements. 
Hydrographic and climatic conditions are quite suitable for the population. 
Archaeological sites on the loess terrace and Titel hill are convincing proof that life 
existed in earlier geological periods. The climate is temperate continental with 
enough heat and sediment. Winters are cold enough, which is very important for the 
destruction of plant parasites and other pests. Moreover, water at law depth 
contributes to diverse flora and rich vegetation.   
 
According to data from 2011 the municipality of Titel has 15,554 inhabitants with 
negative growth population of -5 ‰ (data from 2002). The seat of municipality is 
town Titel with  5,247 inhabitants, Figure 14. The number of employees in the 
municipality is 2,160 (data from 2006). 

 

 
Fig. 4 Seat of municipality – town Titel 

 

1.4 Motivations and objectives 

 
The main economy in the municipality of Titel is agriculture. Total arable land of 
municipality Titel is 21,000 ha. During agricultural production occures waste ,which is 
called biomass. According to expierience it is estimated that half of the biomass in 
the municipality of Titel remains in the plowed fields. This type of waste could be 
succesfully used for energy production. 
 
Much of the agricultural production in the municipality of Titel has biomass suitable 
for energy production: 

• Seed corn (Corn waste); 
• Spring barley (Spring barley straw); 
• Sunflower (Sunflower straw and husk); 
• Soybean (Soybean straw); 
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• Whet (Wheat straw) and 
• Winter barley (Winter barley straw). 

 
The aim of the prefeasibility study is to analyze the possibility of using biomass  
from agriculture in Titel municipality for energy production. 
 
The subject of the prefeasibility study is construction of biomass heating plant 
and distant heating system of settlement Donji Titel. 
 

1.5 Assumptions to be considered 

 
Building heat losses were calculated for design conditions (outdoor air temperature - 
18 °C and internal air temperatures of 20 °C). Buildings heat losses for 37 buildings 
(table 1) that are planned to be connected to the heating system are: 
 

3,954,597 W, 
 
104,068 W/oC. 

 
It was observed by visual control of the buildings' construction of buildings planned to 
be connected to a heating system, that there is great potential for energy savings. 
The buildings are mainly built from bricks without insulation of exterior walls, floors 
and ceiling, with old, worn out windows. 
 
Specific heat losses per heating surface of 119.77 W/m2 and heating volume of 
37.66 W/m3 of objects, show that energy efficiency measures can reduce 
consumption and increase the number of connected objects in the heating system. 
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Table 1. Heat losses and energy efficiency indicators of buildings planned to be 
connected to distant heating system  

No. Type of building Address 
Heating 
surface 

[m
2
] 

Heating volume 
[m

3
] 

Heat losses 
[W] 

Specific heat 
losses  
[W/m

3
] 

Specific heat 
losses  
[W/m

2
] 

1. 
Municipality 
building 

Glavna 1 1500 6750 185901 28 124 

2. 
Residential 
building 

Knićaninova 2a 720 2160 68665 32 95 

3. 
Residential 
building 

Knićaninova 2 621 1863 66636 36 107 

4. Church Glavna 3 348 2784 71250 26 205 

5. 
Residential 
building 

Knićaninova 1 432 1296 55262 43 128 

6. 
Residential 
building 

Knićaninova 3 432 1296 55262 39 128 

7. 
Municipality 
building 

Potiski kej 261 783 56221 72 215 

8. 
Residential 
building 

Knićaninova 5 432 1296 55262 43 128 

9. 
Residential 
building 

Knićaninova 7 432 1296 55262 43 128 

10. 
Residential 
building 

Knićaninova 9 1020 3060 93384 31 92 

11. School  
Miloš Crnjanski 
3 

3708 12978 404305 31 109 

12. Bakery Paradni trg 3 - - - - - 

13. Hotel Paradni trg 7 4332 10825 221035 20 51 

14. 
Residential 
building 

Paradni trg 4 690 1610 67776 42 98 

15. 
Residential 
building 

Paradni trg 6 747 1743 72678 42 97 

16. City Hall Glavna 15 1160 3190 121963 38 105 

17. 
Residential 
building 

Glavna 17 4004 10296 275050 27 69 

18. 
Residential 
building 

J. Jovanovića 
Zmaja 1 

1751 3502 181103 54 108 

19. Comertial building Glavna 36 1188 3564 100172 28 84 

20. 
Residential 
building 

Mihajla Krstića 1611 4833 151273 31 94 

21. Church Glavna 38 275 2750 72395 26 263 

22. 
Commercial 
building 

Glavna 24 480 1680 56893 34 119 

23. Health Care Glavna 22 806 2821 89623 32 111 

24. Health Care Glavna 22 286 855 40784 48 143 

25. Health Care Glavna 22 468 1289 76759 60 164 
26. Kindergarten Dositejeva BB 1412 3389 173661 51 123 

27. Public building Glavna 16 380 1140 49783 44 131 

28. Court Glavna 14 1266 2532 116855 46 92 

29. 
Residential and 
commercial 
building 

Glavna 11 1760 5280 156503 30 89 

30. School Glavna 7 i 9 1700 6424 230154 49 160 

31. Library Glavna 10 i 12 1036 4144 126989 31 123 

32. 
Residential 
building 

Glavna 8 1170 4680 124164 27 106 

33. Hotel Glavna 6 660 2640 93989 36 142 

34. 
Residential 
building 

Knićaninova 18 639 2553 76354 30 120 

35. Public building 
Knićaninova 28 
B 

531 1239 57720 47 109 

36. 
Residential 
building 

Knićaninova 30 
B 

664 1660 64341 39 97 

37. 
Residential 
building 

Knićaninova 30 
B 

664 1660 65703 40 99 

Totalo: 39,210 120,733 3,954,597 37.66 119.77 
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2 Technical Study 

2.1 Objectives 

 

The aim of the project is to analyze the possibility and benefits of building a biomass 
heating plant and distant heating system. The part of town Titel named Donji Titel is 
urban zone and it is part of a small area with only a few hundred meters in diameter. 
In this part are placed: residual, commercial, residual-commercial and public 
buildings. These buildings are heated using wood and coal as fuels and electric 
energy as a heat source at the moment (the price of electricity is very low). Good 
arrangement of buildings in this small area is very suitable for distant heating 
system. Biomass potential from 190 km2 of arable land in municipality could be used 
for heating of this part of the town. 
 
Implementation of the project has multiple significance for the municipality of Titel: 

• Building up of power plant and distant heating system employs local 
residents and companies; 

• Biomass would be bought from local farmers; 
• Local companies would be engaged in transportation and manipulation of 

biomass; 
• Heating plant would employ local residents; 
• Production of heat would be centralized; 
• Money spent on heating would remain in the municipality; 
• Increased comfort of heating in buildings; 
• Reduced emision of carbon dioxide CO2. 

 
Benefit would be even much higher if cogeneration plant is applied. In this case, 
electricity would be produced by biomass combustion and waste heat would be used 
for distant heating system. 
 

2.2 Production potential – Biomass potential 

 

Amount of biomass available annually in the municipality of Titel is estimated 
according to sown areas for 2010. In the table 2. are shown the sown areas and 
estimation of biomass amount for individual crops. The total arable land in the 
municipality of Titel is 21,000 ha, while the total sown land is 18,354 ha. The total 
annual available amount of biomass with lower calorific value ranges from 13.5 
MJ/kg to 17.4 MJ/kg is 61,715 t. Annual amount of available biomass (soybean, 
wheat, sunflower and corn) intended for combustion in boilers on biomass is 56100 t.  
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Table 2. Estimation of annual available amount of biomass in the municipality of Titel 
for 2010 

Number Plant 
Area 

[ha] 

Yield of product 

[t/ha] 
Mass ratio 

Total biomass 

[t] 

Lower 

caloric 

value 

[MJ/kg] 

1. Seed corn 7942 2.3 1:1.5 27400 13.85 

2. Spring barley 380 2.5 1:1 950 14.2 

3. Vegetables 820 - - - - 

4. Roughage 430 5.5 1:1 2365 13.5 

5. Sugar beet  20 2.5 1:2 50 17.4 

6. Sunflower 950 2 1:2 3800 14.5 

7. Soy 2550 2 1:2 10200 15.7 

8. Wheat 4200 3.5 1:1 14700 14 

9. Winter barley 300 2.5 1:1 750 14.2 

10. Oilseed rape  350 2.5 1:2 1500 17.4 

11. Other 410 - - - - 

Total  18,354   61,715  

 

 

2.3 Technical solutions adopted 

 
Prefeasibility study plannes underground heating system with water temperature 
regime of 90/70 °C. Pipe network of heating system would be made of pre-insulated 
steel pipes with alarm system for water leaks (Figure 5).  
 

 
Fig. 5 Pre-insulated steel pipes with alarm system for water leaks 

 
Length of straight sections of hot-water network (consisting of two pipes, one for 
pressurised water and the other for feedback water) is shown in Table 3. The total 
length of network pipe is 2,592 m. 
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Tabele 3. Length of straight sections of hot-water network 
Diameter [mm] Length [m] 

DN40 1 
DN50 310 
DN65 388 

DN80 350 
DN100 245 
DN150 1,014 
DN200 284 

Total length [m] 2,592 

 
Pipes of distant heating system contain thermal compensators of type „U“ and „L“ 
(Figure 6). These parts of the pipe network compensate thermal stresses which 
occur due to temperature changes. Pipe network of distant heating system has 
sliding and fix points. 
 

 
Fig. 6 View of thermal pipe compensator type „U“ 

 

 
Fig. 7 Scheme of water temperature control in biomass heating plant 

 
In the frame of plant there would be manifold and collector. Sources of heat would be 
connected to manifold and collector. Three supply heat curcuits A, B and C would be 
connected to manifold and collector, too (Figure 7). 
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Each of circuits is planned to have pump with the frequency regulation of flow rate. 
Water temperature control in each circuit would be performed by the electric valve 
according to outside air temperature. 
 
Prefeasibility study recommends construction of thermal stations of direct-type. Pipe 
network is dimensioned and pumps with frequency regulation of flow rate are 
selected in such way to make it possible to construct thermal station of indirect type, 
too. It is anticipated that the thermal stations have hand-balancing valves which can 
balance the network and set the desired amount of heat supplied to object. 
 
In the frame of the prefeasibility study were analyzed two technical solutions of heat 
sources: 

• biomass heating plant and 
• biomass cogeneration plant. 
 

2.3.1 Biomass heating plant 

 
Biomass heating plant consists of the following units: 

• Preparation and transport of fuels; 
• Dosage of fuel; 
• Hot water boilers; 
• Regulation of hot water boilers; 
• Flue tract of hot water boilers and 
• Additional equipments. 

 
In the frame of heating plant there are three biomass hot water boilers SURI TV 2.0, 
each with 2 MW of heat power and regime of hot water 90/70 oC, Figure 8. Hot water 
boilers are connected in parallel and have a total heat power of 6 MW.  
 

 
Fig. 8 View of the biomass boiler producer Kirka Suri, type TV 2.0 

 
Biomass hot water boilers with total installed heat power of 6 MW enables: 

• connection of 37 buildings (planned to be connected to distant heating 
system) with total heat losses of 3,954,597 W and 

• connection of other existing and new buildings with total heat losses of 
2,045,403 W. 
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Biomass hot water boilers are planned to burn following fuels: 

• wheat straw; 
• husk of sunflower and soybean; 
• corn waste and 
• silo waste, 

 
with the humidity up to 20% and a minimum calorific value of 10,000 kJ/kg. 
 
Efficiency rates of certain parts of distant heating systems are:  

• efficiency rate of biomass hot water boiler is 0.82;  
• efficiency rate of distant heating network is 0.95  
• efficiency rate of regulation is 0.98. 

 
Total efficiency rate of distant heating system is: 
 

0.7630.980.950.82 =⋅⋅=⋅⋅= srtmk ηηηη . 

 
Table 4. Fuel consumption of biomass heating plant according to average air 

temperature per month in the municipality of Titel (according to data from the year 
2010) 

Month 

Fuel consumption 
 Hd = 10,000 

kJ/kg 
 [kg/h] 

Fuel 
consumption 
Hd = 14,000 

kJ/kg  
[kg/h] 

Maximal fuel 
consumption 
Hd = 10,000 
kJ/kg [kg/h] 

Maximal fuel 
consumption 
Hd = 14000 
kJ/kg [kg/h] 

Quantity 
of fuel Hd 
= 10000 
kJ/kg [t] 

Quantity 
of fuel 
Hd = 

14000 
kJ/kg [t] 

Maximal 
quantity of 

fuel 
 Hd = 10000 

kJ/kg [t] 

Maximal 
quantity of 

fuel 
Hd = 14000 

kJ/kg [t] 

January 1,178.4 841.7 2,840 2,023 584.5 417.4 1,409 1,004 

February 1,183.3 845.2 2,840 2,023 530.1 378.6 1273 907 

March 898.5 641.8 2,840 2,023 445.6 318.3 1,409 1,004 

April 530.3 378.7 2,840 2,023 127.2 90.8 682 486 

May 0 0 0 0 0 0 0 0 

June 0 0 0 0 0 0 0 0 

July 0 0 0 0 0 0 0 0 

August 0 0 0 0 0 0 0 0 

September 0 0 0 0 0 0 0 0 

October 653 466.4 2,840 2,023 156.7 111.9 682 486 

November 1,041 743.5 2,840 2,023 499.7 356.8 1,364 971 

December 972 694.4 2,840 2,023 482.1 344.4 1,409 1,004 

Suma:     2,825.9 2,018.2 8,228 5,862 

 
For the efficiency rate of distant heating system of 0.763, necessary primar power of 
heat source is: 
 

5,182,958 W, 
 
136,393 W/oC. 

 

Fuel consumption of biomass heating plant according to average air temperature per 
month in the municipality of Titel (according to data from the year 2010) is shown in 
table 4. At maximum plant output, required annual amount of fuel with lower calorific 
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value of 14 MJ/kg is 5,862 t. At maximum plant output required annual amount of 
fuel with lower calorific value of 10 MJ/kg is 8,228 t. It can be concluded that the 
available annual amount of biomass in the municipality of Titel is more than enough 
for designed heating plant. 
 

2.3.2 Biomass cogeneration plant (CHP) 

Biomass CHP combines production of electricity and heat. The Figure 9 presents a 
scheme of a biomass cogeneration plant.  

Biomass is chopped, dried and converted into the gas by the process of gasification. 
The gas is cooled and cleaned of tar and ash. Burned gas runs gas turbine. The 
turbine is connected to a generator that produces electricity. The heat which is 
obtained by gas cooling and the heat of the flue gas are used for drying of chopped 
biomass and for distant heating system. In this way you get a combined electricity 
and heat production. 

 
Fig 9. Schematic representation of the biomass CHP 

 

 
Fig 10. View of the cogeneration plant produced by Synvalor 
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Selected biomass CHP is produced by Synvalor  with installed electric power of 2.8 
MW (Figure 10). Biomass cogeneration plant would supply heat to 37 buildings of  
Donji Titel (thermal installed power is ≈ 3.5 MW). 
 

Fuel consumption of biomass cogeneration plant according to the electric power of 
2.8 MW and 8,760 hours of work during the year is shown in table 5. 

 
Table 5. Fuel consumption of CHP according to electric power of 2.8 MW and 8,760 

haours of work during the year 

Type of fuel Moisture [%] 
Fuel 

consumption 
[t/h] 

Fuel 
consumption 

[t/a] 
Fuel cost [€/a] 

Waste corn 35 3.69 28,259 713,225.00 

Soybean straw 45 4.33 33,160 1,116,600.00 

Wheat straw 30 2.54 27,110 940,850.00 
 

Based on data from the Table 2 it can be concluded that the available annual 
amount of biomass in the municipality of Titel is sufficient for designed biomass 
CHP. 
 

2.4 Analysis of energy production and dimensioning 

2.4.1 Biomass heating plant 

 
Table 6. Energy yield of biomass heating plant  

Month 

Average air 
outdoor 

temperature 
[
o
C] 

Indoor air 
temperature 

[
o
C] 

Temperature 
difference 

[
o
C] 

Number 
of 

heating 
days 
[day] 

Degree 
days 
[
o
C 

day] 

Number 
of 

heating 
hours 

[h] 

Buildings 
heat 

losses 
[W] 

Energy 
yield 

[MWh] 

Maximal 
energy 
yield 

[MWh] 

January 0 24 24 31 744 16 3,273,432 1,623.6 2,463.4 

February -0,1 24 24,1 28 674,8 16 3,287,071 1,472.6 2,234.3 

March 5,7 24 18,3 31 567,3 16 2,495,992 1,238.0 1,878.3 

April 13,2 24 10,8 15 162 16 1,473,044 353,5 536,4 

May 16,8 24 7,2 0 0 16 0 0 0 

June 20,9 24 3,1 0 0 16 0 0 0 

July 22,1 24 1,9 0 0 16 0 0 0 

August 23,2 24 0,8 0 0 16 0 0 0 

September 20 24 4 0 0 16 0 0 0 

October 10,7 24 13,3 15 199,5 16 1,814,027 435,3 660,5 

November 2,8 24 21,2 30 636 16 2,891,531 1,387.9 2,105.8 

December 4,2 24 19,8 31 613,8 16 2,700,581 1,339.4 2,032.3 

Total yearly 
consumption 
[MWh/a] 

       7,850.5 11,911 

 
Energy yield of biomass heating plant is determined by: 
 

• the building heat losses,  
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• average air temperature per month in the municipality of Titel (according to 
data from the year 2010) and 

• the indoor air temperature of 24 oC.  
 
In the Table 6  is shown estimation of energy yield of biomass heating plant. It could 
be seen that yearly energy yield of biomass heating plant for 37 buildings (buildings 
which are planned to be connected to distant heating system in the first fase) is 
7,850 MWh. Also, maximal yearly energy yield of biomass heating plant (maximal 
energy is limited by the maximal power of biomass heating plant) is 11,911 MWh. 

2.4.2 Biomass CHP 

Biomass CHP of  producer Synvalor with installed electric power of 2.8 MW would 
produce 24,528 MWh of electricity and 30,660 MWh of heat during the year. Monthly 
amount of produced heat by biomass cogeneration plant is 2,555 MWh which is 
sufficient only for 37 buildings  of Donji Titel.  

If we want to increase the number of buildings connected to the distant heating 
system (up to 6 MW) there should be added condensing gas boilers, implemented 
energy efficiency measures, or both.  

Heating season in the municipality of Titel lasts six months. It means that there is 
extra 15,330 MWh of heat in non -  heating season. This heat could be used for 
other purposes, for example: cooling by absorption chillers, heating the domestic hot 
water, proccess industry, etc. 
 

2.5 Visit of the site 

 

It is anticipated that in the first phase 37 buildings will be connected to the distant 
heating system. Visual control of buildings was done and structure of the buildings 
was recorded during the visiting of Donji Titel. These data are used to calculate the 
building heat losses required for the dimensioning of  heat source and distant 
heating system. In the Figures from 9 to 45 are presented photos of buildings 
planned to be connected to distant heating system. In the Figure 11 is shown 
building of existing heating plant which generate heat for elementary school “Miloš 
Crnjanski” and for High technical school “Mileva Marić”. At the place of the existing 
heating plant is planned to build biomass heating plant. 
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Fig. 11  Existing heating plant, street Miloša Crnjanskog 3 (potential site of new 
plant) 

 
Fig. 12 Building of municipality, street Glavna 1 

 

 
Fig. 13 Residential building, street Knićaninova 2a  
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Fig. 14 Residential building, street Knićaninova 2 

 

 
Fig. 15 Catholic church, street Glavna 3 
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