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The subject matter of this study report is the assessment of available biomass potentials that 
could be used for power generation in the territory of the Municipality of Čajetina. Exact 
available quantities of biomass will be established on the basis of detailed study of republic and 
local statistical data and their reconciliation with current circumstances in the field. At the 
beginning of the research it was observed that some of the statistical data did not match the 
factual situation in the field, which is why they had to be redefined. The above mentioned 
research was performed with the wholehearted assistance of local institutions operating in the 
fields of: economy, urban planning, environmental protection, development, forestry, agriculture, 
electric power supply, and power engineering in general. Special attention in the presentation of 
current state of facts and potentials of biomass production and exploitation has been drawn to 
defining natural environmental factors as factors of utmost importance for the production and 
exploitation of biomass.  

1. General information on the Municipality of Čajetina 

1.1. Position and population 
 
The Municipality of Čajetina is situated in the southwest region of Serbia (latitude: 43°45′00″N, 
longitude: 19°42′60″E), occupying the surface area of 647 km2 (64,700 ha) belonging to the 
administrative unit of Zlatibor District (Item 1). It is bordered by the Municipality of Užice to the 
north, Municipality of Arilje to the east, municipalities of Priboj and Nova Varoš to the south, 
and Bosnia and Herzegovina to the west.  

 

Item 1. Map of Zlatibor District with the position of the Municipality of Čajetina 

The Municipality consists of 24 settlements (21 local communities) inhabited by the population 
of 15,765 inhabitants living in 5,146 households. The settlements are smaller in size and located 
at altitudes of 600 to 1,100 meters. Names of the settlements, number of households and 
population are shown in Table 1. 
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Table 1: Names of settlements with the number of households and population in the territory 
of Čajetina Municipality 

No. Name of the settlement Number of households Total population 

1. Alin potok 93 245 

2. Brenešci 205 744 

3. Golovo 95 212 

4. Gostilje 141 347 

5. Dobroselica 173 406 

6. Drenova 48 135 

7. Željine 55 153 

8. Jablanica 313 935 

9. Kriva Reka 303 1155 

10. Ljubiš 235 705 

11. Mačkat 223 822 

12. Mušvete 76 277 

13. Zlatibor 816 2385 

14. Rakovica 42 112 

15. Rožanstvo 152 461 

16. Rudine 81 159 

17. Šainovina 265 814 

18. Semegnjevo 124 300 

19. Sirogojno 232 763 

20. Stublo 81 214 

21. Tripkova 145 372 

22. Trnava 100 282 

23. Čajetina 938 3184 

24. Šljivovica 210 586 
 

Most of the rural areas of the municipality are marked by the population decline and negative 
natural increase due for the most part to youth migration from those areas in search of better 
living conditions, such as built infrastructure, etc. On the other hand, urban areas (local 
communities of Čajetina and Zlatibor) have shown the increase of population due mostly to the 
development of tourism and other ancillary services. 

1.2. Natural factors of the region 

Land relief of the Municipality of Čajetina is determined by geological and geomorphological 
characteristics of Zlatibor massif belonging to the group of Starovlaške Mountains and/or Dinara 
mountain massif. Geomorphological characteristics of the Municipality of Čajetina are primarily 
determined by morphotectonic evolution of Zlatibor massif.  

Geographical space of the Municipality of Čajetina consists of the rolling plateau placed between 
the rivers Sušica and Uvac and mountains Tara and Murtenica along with Zlatibor mountain 
massif which forms the central part of the municipality. The terrain is composed of highlands 
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(over 80% of the territory) at average altitude of about 1,000 meters above the sea level. The 
central part of the plateau consists of numerous elevations, although the municipality's most 
important elevations such as Tornik (1,496 meters), Čigota (1,422 metres), etc. are located on its 
outskirts. 

In addition to relief features and water availability, the assessment of current distribution of plant 
species and of the potentials for starting new plantations (which could be used for biomass 
exploitation) is greatly determined by the quality of the soil as immediate aboveground organic 
and mineral material. By means of complex system of biogeochemical processes, the soil 
provides support to forest flora and cultivated agricultural production. On the basis of elementary 
chemical characteristics of the soil in Čajetina Municipality, as the most important parameter of 
soil fertility, it can be concluded that: 

 the soils which could provide for the cultivated production of field or forest cultures 
possess medium clay-based mechanic composition (texture class: clay); 

 the above mentioned terrains are dominated by acid soils; 

 the soils of meadows, pastures and forests are rich in humus, in contrast to the soils of 
arable land and gardens; however, the quality of humus is poor; 

 large areas of land, primarily pastures and meadows, qualify as non-carbonated or weakly 
carbonated soils; 

 the majority of soils in the area (meadows and pastures) have a low supply of available 
phosphorus, whereas the more optimal presence of phosphorus has been found in arable 
land and orchards; 

 the available supply of potassium in the soil is satisfactory and most prominent in 
meadows and pastures; 

 mechanical composition (primarily clay fractions) influences the dynamic of 
accumulation of hazardous and harmful substances (heavy metals) in the soil, due to the 
fact that their bonding capacity in that kind of soil (rich in clay) is extremely large.  

This area enjoys temperate continental climate with influences of mountain climate. The most 
important climate parameters in the past 30 years are shown in Table 2. 

Table 2: Average monthly and annual values and extreme values in the period 1981-2010 

 Month of the year Annual 
average I II III IV V VI VII VIII IX X XI XII 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

TEMPERATURE (°C) 

Mean 
maximum 

2,1 3,3 7,5 12,4 17,6 20,8 23,1 23,3 18,6 14, 0 7,8 2,6 12,8 

Mean 
minimum 

-5,2 -4,7 -1,2 3,2 7,9 10,8 12,7 12, 9 9,0 5,1 0,1 -4,0 3,9 

Normal value -2,1 -1,3 2,4 7,2 12,3 15,4 17,2 17, 5 13,1 8,8 3,2 -1,2 7,7 

Absolute 
maximum 

17,6 19,9 24,9 25,6 31,7 34,4 35,8 34, 4 32,2 30 25,5 17, 2 35,8 

Absolute 
minimum 

-19,8 -19,4 -18,7 -8,8 -2,1 -0,2 4,1 2,4 0,2 11, 2 14,5 18, 5 -19,8 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Mean number 
of frost days 

26 22 18 6 0 0 0 0 0 4 15 24 116 

Mean number 
of tropical 
days 

0 0 0 0 0 0 2 2 0 0 0 0 5 

RELATIVE HUMIDITY (%) 

Average 83 79 74 70 70 73 70 70 75 78 80 85 76 

DURATION OF SUNSHINE (hrs) 

Average 92,1 105,7 141,9 161,4 210,1 229,8 272,9 259,4 196,1 160,6 108,1 76, 4 2.014,5 

Number of 
bright days 

4 4 4 4 3 4 8 9 7 6 5 4 63 

Number of 
cloudy days 

13 11 11 10 8 7 5 6 8 9 11 14 113 

PRECIPITATION (mm) 

Mean monthly 
value 

65,4 68,5 73,4 79,0 94,4 110,2 96,3 78, 8 98,3 78, 2 92, 3 82, 6 1017,3 

Maximum 
daily value 

31,9 51,9 42,6 40,1 63,1 67,2 82,3 65 89,9 60, 6 90, 1 67, 3 90,1 

Mean number 
of days 
 ≥ 0,1 mm 

15 15 16 17 16 15 12 11 12 12 13 16 171 

Mean number 
of days 
 ≥ 10,0 mm 

2 2 2 2 3 4 3 3 3 3 3 3 33 

WEATHER EVENTS (number of days with ....) 

Snow 13 13 12 5 1 0 0 0 0 2 7 13 66 

Snow cover 27 24 20 5 0 0 0 0 0 2 12 23 114 

Fog 14 12 13 10 9 9 8 7 11 12 14 16 134 

Hail 0 0 0 0 1 0 0 0 0 0 0 0 2 

 

1.3. Economic activities 

The most important activities of Čajetina Municipality are tourism, agriculture, food industry 
and food processing industry,  timber and wood processing industry, and textile industry, as well 
as light industry such as plastics industry, and metal industry. 

Tourism is the most developed and most important branch of economy in Čajetina Municipality.  
Zlatibor, as the most developed tourist destination, annually achieves 1,000,000 tourist nights 
with approximately 250,000 visitors. 

Agriculture is the second most important activity for the development of Čajetina Municipality. 
From the total of 5,146 households, around 3,500 are engaged in agricultural production. Farm 
households are small and scattered, with outdated mechanization, and lacking in clear and 
decisive market approach.  
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On the basis of the analysis of the use of land in the territory of Čajetina Municipality (Items 2 
and 3), it can be stated that smaller areas of land are used for crop farming, whereas much larger 
areas of land are used for livestock farming (meadows and pastures). 

Table 3:  Overview of the use of land in Čajetina Municipality 

No. Use of land Surface area (ha) Share (%) 

1. Total surface area of the Municipality of Čajetina 64.700 100,0 

2. 
Surface area of farmland – (socially-owned and 
privately-owned farm households) 

36.609 56,9 

3. Surface area of the forest land 23.866 36,9 

4. Other (construction land, infrastructure...)   4.225 6,2 

 

Item 2. Percentage of farmland in relation to the 
total surface area according to areas 

Item 3. Type of use of farmland according to 
areas 

In the territory of the municipality, there are also factories of textile, metal and plastic products, 
but those are not of major significance for the development of this area. 

1.4. Infrastructure of the municipality 

Favourable position of the municipality is strongly influenced by arterial roads leading to 
Montenegro (Adriatic Sea) and Bosnia and Herzegovina. The railway Belgrade-Bar also runs 
through the territory of Čajetina Municipality, and in the immediate vicinity there is the airport 
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Ponikve (military airbase which is currently out of service, but is planned for turning into a civil 
airport). 

There is the total of 353 km of built roads in the territory of the municipality, 250 km of which 
are local roads, 70 km regional, and 33 km arterial roads, as shown in Item 4. 

Water supply system of the municipality consists of water intake with accumulation in Ribnica 
and country water supply system. Water supply coverage of the population in the area is around 
80%.  

 

Item 4. Location of settlements and main road network in Čajetina Municipality 

Wastewater in urban areas of Čajetina and Zlatibor is either collected and drained without 
treatment through sewage network into Obudojevica stream or collected in septic tanks. 

As for electric power supply, the area possesses 293 km of long-distance power lines and 565 km 
of low-voltage distribution network. This network comprises of 164 interconnected 
transformation substations. Electric power supply is available to 99% of the population. The 
largest investment in this area is completion of the construction of 110/35kV and 32.5MW 
substation in Zlatibor, which will provide for continuous and long-term supply of electric power 
in that area, including planned future construction.  

85% of the municipality has access to telecommunication infrastructure which is at a satisfactory 
level.  

Gasification and connection to gas pipeline network is currently under way on the territory of the 
municipality for economically and ecologically justified reasons (preservation of clean and 
healthy environment). 
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2.  Quantitative, thermoenergetic, and ecological analysis of available 
biomass potentials that could be used for power generation in the 
Municipality of Čajetina 

2.1. Biomass potentials in the Municipality of Čajetina according to structure and 
ownership 

2.1.1. Biomass potentials from agriculture and food-processing industry 

The information on the available and used agricultural land, ownership structure and use of land, 
obtained from the Census of Agriculture performed in 2012, are shown in Table 4. 

Table 4: Survey of agricultural land, ownership structure and use of land in the Municipality 
of Čajetina: (Census of Agriculture 2012, Book 1) 

No. 
Region:                             Western Serbia  

District:                             Zlatibor 
Town/municipality:          Čajetina 

Farm household 
Surface of the 

land 

  (number) (ha) 

1 2 3 4 

1. Total available farmland 2.897 36.609 
    

2. Primary use of the land   

a) Used farmland 2.887 23.472 

b) Non-used farmland 831 4.828 

c) Forested farmland 2.583 7.374 

d) Other land 2.809 935 

3. Ownership structure   

a) Without land 11 - 

b) ≤ 1 ha 255 167 

c) > 1 - ≤ 2 435 660 

d) > 2 - ≤ 5 1.064 3.544 

e) > 5 - ≤ 10 752 5.266 

f) > 10 - ≤ 20 308 4.130 

g) > 20 - ≤ 30 48 1.142 

h) > 30 - ≤ 50 12 445 

j) > 50 - ≤ 100 10 642 

k) > 100 3 7.476 

 Average used farmland per farm household - 8,1 

4. 
Used farmland according to the type of use 
(from the total farmland) 

2.887 23.472 

a) Farmsteads 839 62 
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1 2 3 4 

b) Arable land and gardens 749 863 

c) Meadows and pastures 2.822 21.334 

d) Orchards 2.320 1.212 

e) Vineyards 1 0 

f) Nurseries 1 0 

g) Other 3 1 
 

The data obtained from the Census of Agriculture performed in 2012 regarding the structure of 
cultivated crops are shown in Table 5. 

According to the information obtained from the Census of Agriculture performed in 2012, 
regarding arable land, forests, and livestock fund, and the information on decennial mean of crop 
yield, the Municipality of Čajetina possesses a theoretically significant biomass potential. Power 
generation potential is presented in Tables 6, 7 and 8. 

Table 5: Structure of cultivated crops in Čajetina Municipality: (Census of Agriculture 2012) 

No. 
Region:                             Western Serbia  

District:                             Zlatibor 
Town/municipality:          Čajetina 

Farm 
household 

Surface of the 
land 

  (kom) (ha) 

1 2 3 4 
1. Ukupno raspoloživo poljoprivredno zemljište 2.897 36.609 

 
Used farmland according to categories (from the 
total) 

2.887 23.472 

    

 Arable land and gardens 749 863 
    

1. Areas under grain crops   

a) Wheat  152 

b) Barley  8 

c) Oats  64 

d) Grain corn  56 

e) Other grain crops  20 

 Total 321 299 

2. Industrial and fodder plants   

a) Medicinal and aromatic plants  2 

b) Mixture of plants  175 

c) Corn silage  198 

d) Clover  16 

e) Alfalfa (lucerne)  53 

f) 
Other root vegetables and herbaceous fodder 
plants 

 4 
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1 2 3 4 
 Total 306 448 
    

3. Fruit crops - total   

a) Apples  90 

b) Pears  41 

c) Apricots  1 

d) Sour cherries  66 

e) Plums  898 

f) Walnuts  27 

g) Hazelnuts  3 

h) Other  19 

j) Rasberries  60 

k) Other berries  5 

 Total orchards 2.320 1.212 
 
In addition to biomass potentials pertaining to fruit growing, there is also biomass generated 
from regeneration and/or clearing of old and affected plants. However, due to unreliabitity of 
assessment, such biomass has not been included into this research. 

Table 6:  Energetic potential of biomass obtained from crop farming 

Cultivated 
crops 

Sowed 
area 

Average 
yield 

Grain-
biomass 

ratio 

Total 
biomass 

Lower heat 
power 

Energetic 
potentials of 

biomass 

Energetic 
potentials of 

biomass 

 (ha) (t/ha) (/) (t) (GJ/t) (GJ) (MWh) 

Wheat 151,5   3,4 1 / 1 515,17 14,0 7.212,35 839,4 

Barley   7,8   2,8 1 / 1 21,84 14,2 310,13 2.003,4 

Rye   0,05   2,2 1 / 2 0,22 14,0 3,08 86,1 

Oats 64,3   2,1 1 / 1 134,99 14,5 1.957,33 0,9 

Corn 56,0   4,0 1 / 1 223,84 13,5 3.021,84 543,7 

Total 279,6   896,06  12.504,73 3.473,5 

Table 7:  Energetic potential of biomass obtained from fruit growing 

Cultivated 
crops 

Number 
of trees 

Average 
fruit 
yield  

Total fruit 
yield 

Biomass 
residue from 

pruning*  

Lower heat 
power 

Energetic 
potentials of 

biomass 

Energetic 
potentials of 

biomass  

 (pcs) (kg per tree) (t) (t) (GJ/t) (GJ) (MWh) 

Apple 55.800 22,1 1.233,18 400,78 15,3 6.132,0 1.703,3 

Pear 19.680 14,3 281,42 91,46 1,53 139,9 38,9 

Apricot 1.200 9 10,80 3,51 15,8 55,5 15,4 

Sour 
cherry 

39.600 
10,3 407,88 132,56 15,9 2.107,7 

585,5 

Plum 377.160 9,5 3.583,02 1.164,48 15,8 18.398,8 5.110,8 

Walnut 15.120 8,5 128,52 41,77 16,5 689,2 191,4 

Total 508.560   1.834,60  27.523,1 7.645,3 
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*  It has been adopted that the average ratio of fruit mass and pruned branches of the above 
mentioned fruit is 1 : 0.325 

Table 8:  Energetic potential of biomass obtained from livestock farming 

Type of 
livestock 

Number 
of 

livestock 

Number of 
heads in a 
livestock 

unit 

Number 
of 

livestock 
units 

Biogas 
per day 

Biogas per 
365 days 

Energetic 
potentials of 

biomass 

Energetic 
potentials of 

biomass 

 (pcs) (pcs) (pcs) (Nm3/UG) (Nm3/UG) (GJ) (MWh) 

Cattle      9.827   1,2 8.189,17 1,3 3.885.759,7 91.937.071,74 25.538,08 

Pigs      5.488    6,0     914,67 1,5 500.780,0 11.848.454,8 3.291,24 

Sheep    23.854    8,0 2.981,75 1,4 1.414.840,0 33.475.123,27 9.298,65 

Goats         726   10,0      72,60 1,4 815.056,2 815.056,242 226,40 

Poultry    58.299 300,0    194,33 2,0 3.356.428,9 3.356.428,89 932,34 

Total   12.352,50  5.977.689,6 141.432.134,95 39.286,70 

 

On the basis of the information provided in Tables 6, 7 and 8, it can be concluded that  
theoretical potentials of agricultural biomass are significant. According to the specified 
indicators, potentially available power generated from agriculture would provide for the annual 
work of a thermal power plant of about 5 MW nominal power. Structure of energetic potential of 
specified biomass is presented in Item 5. 

 

Item 5. Structure of energetic potential obtained from agriculture in the Municipality of Čajetina 

Accordingly, it can be concluded that the biggest potentials of biomass, and therefore energy, lie 
in livestock breeding. This is not suprising since on the basis of the information provided in 
Table 4 it can be seen that the farm households are scattered and in possession of about 8 ha of 
land on average. Agricultural land in higher areas of the municipality is mostly used in the form 
of meadows and pastures (21,334 ha) for livestock breeding, whereas approximately 860 ha of 
land is used in the form of arable land and gardens.  

Production of cereals (which are suitable for biomass exploitation due to their processes of 
intentional combustion) is realized on less than 300 ha of land, mostly on smaller plots located 
on slopes. The quantities of biomass obtained in such a way are small, mechanization used for its 
collection and transport is outdated and inadequate, which rightfully raises the question of 
profitability of transport of such biomass.  

Due to small-sized and scattered plots, significant terrain slope, and inadequate mechanization 
for exploitation of biomass obtained from fruit growing, the profitability of collection of such 
biomass becomes questionable. Considering the fact that the orchards occupy almost twice as 
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much surface area in comparison to the plots for cereal production, it would be recommended to 
obtain adequate mechanization (chipper) in view of satisfying the needs of the municipality for 
profitable collection of residues from orchard pruning and their occasional clearing. 

Although the municipality possesses large areas of land intended for livestock breeding, 
extensive farming hinders profitable collection of manure and its further exploitation in plants 
for biogas generation, regardless of the fact that energetic potentials of livestock breeding make 
almost 80% of potentials for power generation from agriculture. 

As specified above, there are no residues from food industry and food processing industry which 
could be used in a separate plant for power generation, which is why this branch of economy 
shall not be further analysed in this study report. 

2.1.2. Biomass potential from forestry and wood processing industry 

In addition to agricultural land, the territory of the Municipality of Čajetina is also rich in forests. 
Overgrown forest area occupies the surface of 23,866.18 ha, which is 36.9 % of the municipality 
territory (Item 6).  

  

Item 6. Surface area under forests by municipalities in the Republic of Serbia 
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Most of the forests are in private or state ownership. In the past,forests used to be intensively 
cleared in order to turn them into agricultural land, which is why there are more forests preserved 
in inaccessible and hardly accessible areas. Generally speaking, state owned forests are more 
preserved whereas privately owned forests are more devastated. The most widespread species are 
black and white pine, spruce, fir, beech, and oak. Orographic and hydrographic factors, 
geological base and soil types exert major influence on forestry production. General 
characteristics of land relief are such that there are few meso- and microgeographical conditions 
for the development of different woody species, which accounts for the lack of any major 
diversity in this area. The most part of the terrain of Čajetina Municipality is made of serpentine 
whereas the smaller part is made of limestone. The most widespread is the so-called "absolute 
forest land" which is eroded and erodible, with small strength and depth, and high contents of 
skeletal soil particles, stone and gravel. Going from foothills towards the peaks, as the terrain 
becomes steeper, the soil becomes more and more shallow, which is most prominent on peaks, 
slopes, and cliffs. Prevailing soil types are chernozem on serpentine base (humus-silicate soil), 
skeletal soil on serpentine base, and reddish-brown soil on serpentine base. Those conditions 
have great impact on the forest growth and forestry production. (Source: Internal documentation 
of Public Enterprise „Srbijašume“). 

In 2012, 19,794 m³ of trees were cut in the territory of the Municipality of Čajetina, 2,105 m³ of 
which were deciduous trees and 17,689 m³ conifers (Source: Statistical Office of the Republic of 
Serbia - webrzs.stat.gov.rs). 

2.1.2.1. Biomass potentials from privately owned forests 

Pursuant to the Forest Law (Official Gazette of the Republic of Serbia No. 30/2010), plan 
documents representing the basis for the management of privately owned forests consist of 
General Plan of Forest Management and Temporary Management Programme for Forests Owned 
by Natural Persons. If there is no General Forest Management Plan or it ceased to exist, 
according to the Forest Law, the management is conducted on the basis of Temporary 
Programme of Forest Management rendered by the Public Enterprise „Srbijašume“ and approved 
by the competent Ministry. Public Enterprise „Srbijašume“ performs  professional and technical 
activities in private forests owned by natural persons such as marking trees for felling, marking 
timber, and issuing waybills. Such professional and technical activities in private forests on the 
territory of the Municipality of Čajetina are performed by Forest Estate "Užice". Since the 
private forests on the territory of the Forest Estate "Užice" (which is also in charge of the private 
forests on the territory of Čajetina Municipality) are not organized, i.e. there are no enumeration 
data therof, those forests are managed on the basis of the Temporary Plan of Forest Management. 
This means that the data related to the volume and increment of those forests are estimations. 

The Municipality of Čajetina has 14,044 ha of privately owned forests on 31,000 cadastral plots, 
the average size of the plot being 0.4530 ha (Internal documentation of the Public Enterprise 
„Srbijašume“). The share of private forests according to cadastral municipalities and percentage 
share are presented in Table 9. 

The largest areas under privately owned forests in the Municipality of Čajetina are located in the 
territory of the cadastral municipality of Jablanica. They cover the surface area of 3,622 ha 
which makes 25.8% of the surface area under private forests in the Municipality of Čajetina. 
Significant areas under private forests can also be found in the territories of cadastral 
municipalities Semegnjevo (1,594 ha or 11.4%), Čajetina (1,250 ha or 8.9%) and Šljivovica 
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(1,039 ha or 7.4%). The most numerous species in the specified cadastral municipalities are 
conifers (black and white pine). 

Table 9: Surface areas and percentage share of private forests according to cadastral 
municipalities (Internal documentation of the Public Enterprise „Srbijašume“) 

No. Cadastral municipality Surface area  Structure  

  (ha) (%) 

1 Alin Potok 483 3,4 

2 Branešci 436 3,1 

3 Gostilje 522 3,7 

4 Dobroselica 587 4,2 

5 Drenova 168 1,2 

6 Željine 157 1,1 

7 Jablanica 3.622 25,8 

8 Kriva Reka 271 1,9 

9 Ljubiš 980 7 

10 Mačkat 175 1,2 

11 Mešnik 321 2,3 

12 Rožanstvo 834 5,9 

13 Semegnjevo 1.594 11,4 

14 Sirogojno 323 2,3 

15 Stublo 425 3 

16 Tripkova 454 3,2 

17 Trnava 246 1,8 

18 Čajetina 1.250 8,9 

19 Čičkovo 157 1,1 

20 Šljivovica 1.039 7,4 

Total in the Municipality of Čajetina 14.044 100,0 

 

The share of cadastral municipalities in the total area of privately owned forests in the 
Municipality of Čajetina is shown in Item 7.  

The share of deciduous trees and conifers in the total area of privately owned forests in the 
Municipality of Čajetina is approximately the same, though deciduous trees are somewhat more 
present (50.9%). Total volume of private forests in the territory of the Municipality of Čajetina is 
1,383,298 m³, 659,565 m³ of which are desiduous trees, and 723,733 m³ conifers (48% 
deciduous, 52% conifers). Average volume is 98 m³/ha (deciduous: 92 m³/ha, conifers: 105 
m³/ha).  

As for the condition of the forests according to the origin, the territory of the municipality is 
covered by high forests of pine, spruce and fir, coppice forests of beech and oak, and artificially 
planted stands of black and white pine. Percentage share of certain tree species in the wood mass 
is the following: black pine (55%), white pine (5%), spruce/fir (10%), beech (25%) and oak 
(5%). 
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Item 7. Share of cadastral municipalities in the total area of privately owned forests in the 
Municipality of Čajetina 

Information on the condition of privately owned forests in the Municipality of Čajetina 
according to surface area, volume and volume increment, with the total for the Municipality of 
Čajetina, are presented in Table 10. 

Table 10: Condition of private forests in the Municipality of Čajetina according to surface area, 
volume and volume increment for cadastral municipalities, with the total (Internal 
documentation of the Public Enterprise „Srbijašume“) 

No. 
Cadastral 

municipality 
Tree 

species 
Surface area Volume Volume increment 

(ha) (%) (m³) (m³/ha) (%) (m³) (m³/ha) (Iv) 

1 2 3 4 5 6 7 8 9 10 11 

1 Alin Potok 
Deciduous 212 1,5 24463 115 0,8 220 1,0 0,90 
Conifers 271 1,9 31204 115 2,3 284 1,0 0,91 

2 Branešci 
Deciduous 287 2,0 24352 85 1,8 241 0,8 0,99 
Conifers 149 1,1 19809 133 1,4 248 1,7 1,25 

3 Gostilje  
Deciduous 312 2,2 32889 105 2,4 326 1,0 0,99 
Conifers 210 1,5 19945 95 1,4 239 1,1 1,20 

4 Dobroselica 
Deciduous 305 2,2 32039 105 2,3 253 0,8 0,79 
Conifers 282 2,0 37885 134 2,7 439 1,6 1,16 

5 Drenova Deciduous 168 1,2 17459 104 1,3 138 0,8 0,79 

6 Željine 
Deciduous 146 1,0 16863 116 1,2 137 0,9 0,81 
Conifers 11 0,1 426 39 0,0 4 0,4 0,98 

7 Jablanica 
Deciduous 1086 7,7 91565 84 6,6 1145 1,1 1,25 
Conifers 2536 18,1 256661 101 18,6 2592 1,0 1,01 

8 Kriva Reka Deciduous 271 1,9 20726 76 1,5 321 1,2 1,55 

9 Ljubiš 
Deciduous 539 3,8 45274 84 3,3 566 1,0 1,25 
Conifers 441 3,1 68946 156 5,0 924 2,1 1,34 



22 
 

1 2 3 4 5 6 7 8 9 10 11 

10 Mačkat 
Deciduous 172 1,2 19848 115 1,4 198 1,2 1,00 
Conifers 3 0,0 158 53 0,0 0 0,5   

11 Mešnik 
Deciduous 315 2,2 27361 87 2,0 372 1,2 1,36 
Conifers 6 0,0 431 72 0,0 2 0,3 0,48 

12 Rožanstvo 
Deciduous 574 4,1 54415 95 3,9 484 0,8 0,89 
Conifers 260 1,9 29226 112 2,1 146 0,6 0,50 

13 Semegnjevo 
Deciduous 300 2,1 15556 52 1,1 123 0,4 0,79 
Conifers 1294 9,2 108097 84 7,8 1081 0,8 1,00 

14 Sirogojno Deciduous 323 2,3 28886 89 2,1 321 1,0 1,11 

15 Stublo 
Deciduous 191 1,4 31844 167 2,3 353 1,9 1,11 
Conifers 234 1,7 21175 90 1,5 254 1,1 1,20 

16 Tripkova Deciduous 454 3,2 42480 94 3,1 378 0,8 0,89 
17 Trnava Deciduous 246 1,8 18175 74 1,3 205 0,8 1,13 

18 Čajetina 
Deciduous 632 4,5 61845 98 4,5 1027 1,6 1,66 
Conifers 618 4,4 73936 120 5,3 1353 2,2 1,83 

19 Čičkova Deciduous 157 1,1 14933 95 1,1 149 1,0 1,00 

20 Šljivovica 
Deciduous 455 3,2 38592 85 2,8 386 0,8 1,00 
Conifers 584 4,2 55834 96 4,0 681 1,2 1,22 

Deciduous 7145 51 659565 92 48 7343 1,0 1,14 
Conifers 6899 49 723733 105 52 8247 1,2 1,13 

Total: 14044 100 1383298 98 100 15590 1,1 1,13 
 

The largest volume of 348,226 m³ belongs to private forests in the territory of the cadastral 
municipality of Jablanica, which makes 25% of the total wood mass of privately owned forests. 
Larger quantities of wood mass can also be found in the territories of cadastral municipalities of 
Ljubiš (114,220 m³ or 8% of the total mass), Semegnjevo (123,653 m³ or 9%) and Čajetina 
(135,781m³ or 10%). The most widespread species in the specified cadastral municipalities are 
confiers. 

The share of deciduous trees and conifers in the surface area and volume of private forests, as 
well as the share of certain tree species in wood mass are shown in Items 8, 9 and 10.  

Temporary Management Programme for Forests Owned by Natural Persons in the Municipality 
of Čajetina for the year 2015 includes harvesting of regenerated stands of black pine and beech 
in the surface area of 5 ha (4.30 ha of black pine, and 0.70 ha of beech) with productivity of 689 
m³, 636 m³ coming from black pine, and 53 m³ from beech.  

 

Item 8. Condition of private forests according to surface area 
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Item 9. Condition of private forests according to volume 

 

Item 10. Share of certain tree species in wood mass 

Thinning is planned for the surface area of 660 ha with productivity of 5,568 m³. Total planned 
productivity for private forests in Čajetina Municipality is 6,257 m³, with 57% share or 3,566 m³ 
of conifers, and 43% share or 2,691 m³ of deciduous trees. These data refer to gross volume, and 
the projected net volume is 5,062 m³, meaning that the planned utilization rate is 80%. The 
difference between gross and net volume gives the quantity of 1,195 m³ of wood residue from 
private forests of Čajetina Municipality. 

2.1.2.2. Biomass potentials from state-owned forests 

State-owned forests in the territory of the Municipality of Čajetina are managed by the Public 
Enterprise „Srbijašume“, Forest Estate „Užice“ via Forest Administration „Zlatibor“ and Forest 
Administration „Užice“. The surface area managed by the Forest Administration „Zlatibor“ is 
10,845.50 ha, 8,959.15 ha or 83 % of which is under forest cover and forest cultures, and 
1,886.35 ha or 17% comprises of wooded land, infertile areas, usurpated areas, etc. (General 
Plan of Forest Management for the forest areas of Tara and Zlatibor in the period 2003-2012). 
Forest Administration „Zlatibor“ manages 9,828.06 ha of state owned forests in the territory of 
Čajetina Municipality, but also 1,017.44 ha in the territory of the Municipality of Nova Varoš. 
Forest Administration „Užice“ manages, among other, 93.32 ha of state owned forests belonging 
to Čajetina Municipality. Accordingly, it can be concluded that the total surface area of state 
owned forests in the territory of Čajetina Municipality is  9,921.38 ha, but also that the territory 
of Čajetina Municipality does not overlap with the territory managed by the Forest 
Administration „Zlatibor“. All further data specified in this study report will refer to the territory 
of the Forest Administration „Zlatibor“, although its territory does not fully overlap with that of 
Čajetina Municipality. 

Surface of Forest Administration „Zlatibor“ according to management units and use of land is 
displayed in Table 11. 
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Table 11:  Surface of Forest Administration „Zlatibor“ according to management units 

Management 
unit and Forest 
Administration 

Total 
(ha) 

Forests and forest soil Other soil 

Total Forest 
Forest 

cultures
Wooded 

land 
Total Infertile 

For other 
purposes 

Usurp.

Murtenica 2616,63 2545,08 2202,7 300,91 41,47 71,55 71,27 0,28 0  

Tornik 1614,93 1556,82 1270,87 136,04 149,91 58,11 54,45 3,66 0 

Čavlovac 1528,36 1471,12 1405,54 44,09 21,49 57,24 26,04 31,2 0 

Borova Glava 2324,81 2117,13 1052,43 130,45 934,25 207,68 207,68 0 0 

Semegnjevska 
Gora 

1620,77 1542,4 1299,18 45,84 197,38 78,37 77,9 0,47 0 

Šljivovica 1140 1129,27 1039,11 31,99 58,17 10,73 10,73  0 0 

ŠU "Zlatibor" 10845,5 10361,82 8269,83 689,32 1402,67 483,68 448,07 35,61 0 
 

Share of certain categories in the use of surface areas at Forest Administration „Zlatibor“ is 
given in Item 11. 

Forest Administration „Zlatibor“ possesses the gross wood volume of 1,258,452.80 m³ which 
makes 140.5 m³/ha. Current volume increment is 28,942 m³ or 3.20 m³/ ha. The condition of 
forests according to the origin is the following: high forests 4,773.19 ha (53.3 %), coppice forests 
584.17 ha (6.5%), forest cultures and artificial man-made stands 2,910.13 ha (32.5 %), and 
scrubs 691.66 ha (7.7 %). (Source: General Plan of Forest Management for the forest areas of 
Tara and Zlatibor in the period 2003-2012). Forest condition according to the origin is shown in 
Table 12 and in Item 12. 

 

Item 11. Intended use of surface areas managed by the Forest Administration „Zlatibor“ 

Table 12:  Forest condition at Forest Administration „Zlatibor“ according to the origin 

  
Surface area Volume 

Current volume 
increment 

(ha) (%) (m³) (m³/ha) (%) (m³) (m³/ha) (%) 

1 2 3 4 5 6 7 8 9 

High forests 4.773,19 53,3 982.359,4 205,8 78,1 20.588,3 4,3 71,1 

Coppice forest 584,17 6,5 82.145,8 140,6 6,5 2.005,3 3,4 6,9 
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1 2 3 4 5 6 7 8 9 

Forest cultures and 
artificial man-made 
forests 

2.910,13 32,5 193.947,6 66,6 15,4 6.348,4 2,2 21,9 

Scrubs 691,66 7,7 0 0,0 0,0 0 0 0,0 

Forest 
Administration 
"Zlatibor" total 

8.959,15 100,0 1.258.452,8 140,5 100,0 28.942 3,2 100,0

 

 

Item 12. Share of certain categories of forests according to the origin 

Pure forest stands occupy 65% of the surface area (5,827.73 ha), whereas mixed occupy 35% 
(3,131.42 ha). Condition of forests according to diversity is given in Table 13. 

Table 13:  Forest condition according to diversity 

  
Surface area Volume Current volume increment 

(ha) (%) (m³) (m³/ha) (%) (m³) (m³/ha) (%) 

Pure stands 5.827,73 65,0 659.370,2 113,1 52,4 15.965,8 2,7 55,2 

Mixed stands 3.131,42 35,0 599.082,6 191,3 47,6 12.976,3 4,1 44,8 

Forest Administration 
"Zlatibor" total 

8.959,15 100,0 1.258.452,8 140,5 100,0 28.942,1 3,2 100,0 

 

Conifers make as much as 93% (1,170,645.00 m³) of the total standing wood mass, whereas 
deciduous trees make only 7% (87,807.9 m³). The most widespread tree species are black pine 
with 51.2 % of the total volume, or 644,813,9 m³, fir with 28.4% (357,296 m³), white pine with 
8.9% (112,344.5 m³) and spruce with 4.4% (55,626.5 m³). As for the deciduous species, there are 
sessile oak with 49,630 m³ or 3.9% of the total wood mass, and beech with 38,177.9 m³ or 3.0%. 

The share of conifers in the current volume increment is also prevailing (92.7%) in comparison 
to decisuous trees (7.3%). 

The share of certain tree species in the volume and volume increment is shown in Table 14 and 
in Item 13.  
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Table 14:  Share of certain tree species in the volume and volume increment 

Tree species 
Volume Current volume increment 

(m³) (%) (m³) (%) 

Sessile oak 49630 3,9 937,3 3,2 

Beech 38177,9 3,0 1174,5 4,1 

Deciduous trees 87807,9 7,0 2111,8 7,3 

Fir 357296 28,4 7876,4 27,2 

Spruce 55626,5 4,4 1209,8 4,2 

Serbian spruce 564,1 0,0 14,7 0,1 

Black pine 644813,9 51,2 15561,9 53,8 

White pine 112344,5 8,9 2167,4 7,5 

Conifers 1170645,00 93,0 26830,2 92,7 

Forest Administration 
"Zlatibor" total 

1258452,90 100,0 28942 100,0 

 

 

Item 13. Share of certain tree species in wood mass 

General Plan of Forest Management for the forest areas of Tara and Zlatibor in the period 2003-
2012 anticipated the total wood increment of 170,122.80 m³, which makes 17,012.28 m³ of gross 
wood volume a year. Total plan of harvesting in the period 2003-2012 is given in Table 5. 

Table 15: Total plan of harvesting at Forest Administration „Zlatibor“ in the period 2003–2012 
(General Plan of Forest Management for 2003-2012) 

Total plan of harvesting at Forest Administration "Zlatibor" 
 (surface areas refer to those forests which possess productive function) 

  

Forest condition Increment 
Harvesting 
intensity by 

Surface area Volume 
Current volume 

increment 
Main Previous Total V Zv 

ha % m³ m³/ha m³ m³/ha m³ m³ m³ % % 

1 2 3 4 5 6 7 8 9 10 11 12 

High 4714,66 57,46 982359,41 208,36 20588,3 4,37 85580 48164 133744 13,61 64,96
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1 2 3 4 5 6 7 8 9 10 11 12 

Coppice 579,79 7,07 82145,78 141,7 2005,33 3,5 5885,8 6812 12697,8 15,5 63,3 

Artificial 2910,13 35,47 193947,65 66,6 6348,41 2,2 0 23681 23681 12,2 37,30

Total: 8204,58 100,00 1258452,8 153,38 28942,04 3,53 91465,8 78657 170122,8 13,52 58,78
 

Since the subject matter of this study is forest residue, more reliable information may be 
obtained by the analysis of internal documentation belonging to the Public Enterprise 
„Srbijašume“ on the production of forest assortments at Forest Administration „Zlatibor“. 11,846 
m³ of forest assortments was produced in the course of 2013. Assortment structure of the 
production is given in Table 16.  

Table 16: Production according to assortments of Forest Administration „Zlatibor“ in 2013 
(Internal documentation of the Public Enterprise „Srbijašume“) 

Assortment (m³) 

Logs F and L  1.321 

Conifers 1.321 

Deciduous trees 0 

Saw logs 5.991 

Beech 59 

Fir/spruce 3.329 

Pine, other conifers 2.603 

Technical roundwood 1.273 

Conifers 1.273 

Deciduous trees 0 

Cordwood 3.261 

Deciduous hardwood trees (several meters long) 579 

Deciduous softwood trees (several meters long) 67 

Conifers 2.615 

Forest Administration "Zlatibor" total 11.846 
 

The above mentioned production has been achieved on the basis of the marked gross volume of 
15.556 m³, meaning that the forest residue in the forests managed by the Forest Administration 
„Zlatibor“ is 3,710 m³. Further analysis of wood assortment has shown that the percentage of 
forest residue (ratio of forest residue and gross marked wood mass) given by sections varied 
from 20% to 30%, whereas percentage share of forest residue in the territory managed by the 
Forest Administration "Zlatibor" was 24%. Minimum forest residue according to tree species 
was found in fir (20%), whereas maximum forest residue was found in black pine (26%). The 
largest share on the territory of the Forest Administration „Zlatibor“, in the order from maximum 
to minimum, belongs to the forest residue of black pine, fir, spruce, white pine, and beech, 
whereas the largest production of residues has been achieved by the Management Unit 
„Murtenica“. These data are compatible with the data regarding the share of the specified tree 
species in the standing volume of Forest Administration „Zlatibor“ and Management Unit 
„Murtenica“, which, in addition to occupying the largest surface area, have the largest share of 
annual allowable cut on the territory of the Forest Administration „Zlatibor“. 
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2.1.2.3. Biomass potentials from wood processing plants 

At the beginning of this study report it was mentioned that there are only a few wood processing 
plants possessing bigger capacity in dealing with primary wood processing on the territory of 
Čajetina Municipality, whereas the majority of plants possess small capacity. General 
characteristics of all companies dealing with primary wood processing of mainly conifers are 
that they are poorly equipped with mechanization, they are mainly producing timber for further 
use in construction (planks and beams for roofs, plan lath), and they have low degree of 
utilization of raw material input.  

Production of sawdust and coarse residues (slabs) of the companies for wood processing depends 
only on the quantity of sawn roundwood. Average utilization  of roundwood is around 65%, 
meaning that 35% of sawn round timber ends up in the form of sawdust and slabs. 

The biggest wood processing company on the territory of Čajetina Municipality is „Gorštak“ 
d.o.o. with production plant on Braneško polje (industrial area in the immediate vicinity of 
railway Belgrade-Bar  and arterial road Užice-Sarajevo). Registered office of this company is in 
Bajina Bašta, since the first plant of this company was started on the mountain Tara. „Gorštak“ 
d.o.o. bought the production plant from the former Social Enterprise „Bor“ and thus came into 
possession of quality buildings and processing facilities. During the '90s, Social Enterprise „Bor“ 
possessed facilities for processing of as much as 30,000 m³ of roundwood, but the factory got 
devastated later on, which is why „Gorštak“ d.o.o. currently does not operate with that big a 
capacity. When they started working on a new location, „Gorštak“ d.o.o. had plenty of problems 
with sawdust and wood waste from roundwood processing, and most part of it was sold to the 
company „KronospanSRB“ from Lapovo, engaged in chipboard production. However, in 2011 
they decided to start using sawdust and wood waste for their own production of pellet. 
According to the information obtained from „Gorštak“ d.o.o., during 2013 they processed cca 
8,500 m³ of roundwood used for the production of cca 5.500 m³ of sawn timber, and 2,000 m³ of 
wood residues (slabs) and around 1,000 m³ of sawdust (equivalent wood mass) as secondary 
products. Nevertheless, it is important to mention that the potential of roundwood processing and 
thus obtaining wood residue and sawdust is much larger, but that it depends on market demand 
for sawn timber and the possibility of acquiring roundwood. During 2008, „Gorštak“ d.o.o. 
processed around 15,000 m³ of sawn round timber, meaning that at an average utilization of 65% 
they obtained cca 5,250 m³ of wood residue and sawdust. As for the raw material used for 
processing, „Gorštak“ d.o.o. mostly uses fir wood (from fir or spruce) and pine wood, whereas 
beech is scarcely used. Around 70% of raw material is obtained from the National Park „Tara“, 
and the rest is obtained from the Public Enterprise „Srbijašume“, Forest Estate „Užice“. In 2014, 
this company also started the process of roundwood grinding for the production of raw material 
for pellet, aimed at doubling the current pellet production of 700 tons a month.  

In addition to wood processing plants of the company „Gorštak“ d.o.o., there are also other 
companies from that line of work on the territory of the Municipality of Čajetina. Those 
companies have much smaller processing capacities and significantly smaller production of 
wood waste and sawdust. They are characterized by the lack in continuity of work since their 
production varies depending on the market demand for sawn timber, and they are mostly 
equipped with technologically simple wood processing machines (the so-called „bansek“ - 
firewood processor) or somewhat updated track saw (the so-called „brenta“).  

The above mentioned activities are mostly practised in the following local communities: 
"Jablanica", "Dobroselica", "Stublo", "Šljivovica", "Gostilje", "Branešci", "Čajetina", "Roža-
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nstvo", "Sirogojno" and "Zlatibor". On the basis of the collected data, there are around 50 plants 
on the territory of the municipality, but some of those plants have not been registered as legal 
entities. Over 500 m3 of wood waste a year is generated in those plants. 

The biggest concentration of small facilities for wood processing (about 20 households) is 
located in the Local Community "Jablanica", approximately 10 of which are registered in the 
Serbian Business Register, whereas others perform the activity as natural persons for their own 
needs. Registered sawmills annually generate from 150 to 300 m3 of sawdust, slabs and other 
wood waste, while other sawmills generate from 30 to 50 m3 of the said waste. 

In addition, there is an important location for wood processing in the Local Community 
"Dobroselica", with 7 households engaged in the activity and the total annual waste biomass 
production of approximately 50 m3. 

The plants and part of the wood residue of certain wood processing facilities located in the 
territory of the Municipality of Čajetina are presented in Items 14 through 21. 

 

Item 14. Wood Processing Plant "Gorštak d.o.o." 

Item 15. Wood Processing Plant "Braća Marić" 
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Item 19. Wood Processing Plant "Liska" 

 

Item 20. Wood Processing Plant "Kuzeljević Nikola" 

 

Item 21. Wood Processing Plant "Popović" 

Activities pertaining to trade and primary and secondary wood processing, which are closely 
related to market changes regarding offer and demand of wood and wood products, are also 
performed by other enterprises located in the territory of the Municipality of Čajetina. Demand 
for sawn timber obtained from conifers is higly changeable, and it is the key factor for 
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determining the quantity of the round timber and wood residue. Sawn timber obtained from 
conifers is used in construction industry (for roof constructions, as shutterboard, roof lath, etc.), 
which is currently stagnating in Serbia. There is much bigger demand for sawn timber of fir and 
spruce ("fir wood") than that of pine. Being easier for manipulation, the samill owners receive 
more requests for fir wood. Another limiting factor is that sawn timber obtained from conifers is 
imported from the Republic of Srpska, Austria and Romania and gets sold at prices lower than 
the current prices in Serbia, which also affects the quantity of round timber and production of 
wood residue.  

Analyses of roundwood sale at Forest Administration „Zlatibor“ and its further exploitation have 
shown that it is used for the production of sawn timber, further sale or grinding, for the 
production of wood chips - biofuel splinters. In 2013, there were 28 legal entities engaged in 
purchasing round timber. Some of them, like „Jekil komerc“, „Kopaonik – Drina“ or „MK drvo“ 
were buying only fir and spruce logs, whereas the others, like „Forest komerc“, were buying pine 
logs. The biggest buyer in 2013 was the company „Šumadija Šimšić“ d.o.o. which bought 
1,375.79 m³ of pine roundwood. In addition to the production of sawn timber, this enterprise is 
also engaged in the production of wood chips for which thinner wood assortments are used 
(pulpwood and pitprops). In addition to this company, there are 4 more companies using 
roodwood for grinding for the purprose of wood chips production and sale, or wood chips 
production for own production of pellet. It is solely thin roundwood of black and white pine, fir 
and spruce (boardwood, pulpwood and other, and pitprops) that is used for those purposes. Basic 
details of the purchased and ground roundwood quantities and further use for 5 identified 
companies are presented in Table 17. 

Table 17: Thin roundwood share in the total purchased quantity of roundwood for 5 identified 
companies 

Company name 
Total 

roundwood 

Of which 
Thin 

roundwood  
Further use 

Pulpwood Pitprops Other 

 (m³) (m³) (m³) (m³) (m³)  

"Gorštak" d.o.o. 682,42 53,53 82,61 / 136,14 Proizvodnja peleta 

"Šumadija Šimšić" 
d.o.o. 

1375,79 190,37 173,97 2,62 366,96 Proizvodnja sečke 

"Eco - wood" 193,3 193,3 / / 193,3 Proizvodnja peleta 

"Zlatar - šped" 1112,97 / 168,08 / 168,08 Proizvodnja peleta 

"Nanix wood" 424,03 393,04 / 30,99 424,03 Proizvodnja peleta 

Ukupno: 3788,51 830,24 424,66 33,61 1288,51  

 

For creating the full picture of production of wood residue and sawdust, one should take into 
consideration the information from the companies which may not necessarily have their 
registered offices in the Municipality of Čajetina, but which perform most of their activities in 
that territory. Accordingly, on the basis of the records of the company „KronospanSRB“ from 
Lapovo, it can be stated that the company „Virex“ (which is active in this area) did not sell wood 
residue and sawdust to that company in 2013, but that in the first ten months of 2014 it delivered 
15.84 m³ of sawdust (equivalent wood mass) and 60.00 m³ of wood residue. In addition, the 
aforementioned company „Gorštak“ d.o.o. in 2013 delivered to that company 50.42 m³ of 
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sawdust (equivalent wood mass) and 19.82 m³ of wood residue. Besides, other wood processing 
companies sold wood residue (slabs) to the local population which used it as firewood or for 
making brandy, whereas they used sawdust for covering the surface for breeding chicken or 
charging the wood burning stoves. Those quantities are usually not recorded, and accordingly 
there are no information on the actual quantity used in that way.  

This study report has already dealt with the company „Gorštak“ d.o.o. in plenty od details, but it 
is important to mention that the said company obtains 70% of raw material from the National  
Park „Tara“, and the rest of the quantities from the Public Enterprise „Srbijašume“, meaning that 
they obtain thin roundwood from other sources as well. At the beginning of 2014, they started 
the production of wood chips for further production of pellet in their own pellet plant. For the 
production of wood chips they use coarse residue from their own sawmill and thin roundwood 
(pulpwood and pitprops). In the course of 2013, they purchased from the Forest Administration 
„Zlatibor“ 682.42 m³ of roundwood, 136.14 m³ of which were pulpwood and pitprops (mostly 
pine). 

The company „Šumadija Šimšić“ d.o.o. has its registered office in the territory of the 
Municipality of Čajetina (Mačkat - Bela Zemlja), but their sawmill is located in the territory of 
the Municipality of Užice, in Kremna. During 2013, they purchased the largest quantities of 
roundwood from the Forest Administration „Zlatibor“ , 1,375.79 m³ of which was pine 
roundwood, and 366.96 m³ of that quantity were pulpwood and pitprops used mostly for the 
production of wood chips and further sale to the company „KronospanSRB“ from Lapovo. So far 
in 2014, they have delivered 1,582 m³ of wood chips to „Kronospan SRB“. In addition to the 
Forest Administration "Zlatibor", they also obtain raw materials from the Forest Administration 
„Užice“, but the raw material for the production of wood chips is also obtained from private 
forests, especially from the stands from areas in Mokra Gora, Tara and Kremna affected by the 
fire in 2012. 

The company „Eco-wood“ comes from Petrovac on Mlava and deals with pellet production. 
They obtain raw material for those purposes from the Public Enterprise „Srbijašume“. In 2013, 
they obtained from the Forest Administration „Zlatibor“ 193.3 m³ of fir, spruce, black and white 
pine pulpwood. 

The company „Zlatar šped“ comes from Kokin Brod (Municipality of Nova Varoš) and deals, 
amonth other things, with the production of sawn timber and pellet. From 1,112.97 m³ of 
roundwood that was delivered to them during 2013 by the Forest Administration „Zlatibor“, 
168.08 m³ were pitprops of fir and spruce, mostly used for the production of pellet. In the 
territory of the Municipality of Nova Varoš there is also the company „Nanix wood“ dealing 
with the production of pellet. For those purposes, in 2013, the Forest Administration „Zlatibor“ 
delivered to them 424.03 m³ of round wood, 30.99 m³ of which were several meters long 
firewood, and the rest of the quantity was composed of fir and spruce pulpwood. 

The analysis has shown that for the production of wood chips and/or pellet those companies use 
black and white pine, fir and spruce. In addition to the above mentioned pulpwood and pitprops, 
from wood assortments they also use one-meter and several meters long firewood of class 1 and 
2. In 2013, the Forest Administration „Zlatibor“ delivered 3,795.58 m³ of such assortments 
which are suitable for the production of wood chips and/or pellet. It is important to mention that 
such assortments were also bought from the companies that bought them from the Forest 
Administration „Zlatibor“ in the form of "wood on stump" (purchase of tree trunks in standing 
position, whereas the buyer itself arranges for the felling and transport). 
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In addition to the above mentioned companies engaged in the primary processing of wood in the 
territory of Čajetina Municipality, there is also the company „Gold pelet“ whose primary activity 
is the production of pellet. 

Considering  everything said so far, it can be concluded that apart from the company „Gorštak“ 
d.o.o. none other company in this territory has achieved any significant production of sawdust 
and wood residue, and that around 3,500 m³ of wood residue from wood processing plants is 
generated on a yearly basis in the territory of the Municipality of Čajetina.  

2.1.3. Biomass potential from other suppliers 

Biomass potential that could be collected by public utility companies 

In addition to the above mentioned biomass generated from agriculture, forestry and wood 
processing industry, according to the local ecological action plan of the Municipality (2013-
2017), there are resources of waste biomass the energetic potentials of which must not be 
disregarded.Those include available biomass collected by public utility companies and road 
maintenance companies on the territory of the Municipality. 

Among other things within the scope of its primary activity, Public Utility Company „Zlatibor" 
from Zlatibor, also performs mowing, collecting and removing bulky waste (branches and 
leaves), i.e. biomass from local roads and surfaces owned by the Municipality. The most 
important kind of waste for power generation are branches and dried wood.The quantities of the 
waste collected in such a manner are given in Table 18, according to the very rough information 
obtained from the management of the company, since no one has ever performed the 
measurement of such biomass. Waste appearance is given in Item 22. 

Biomass obtained through the performance of communal activities is significant, but the biggest 
problem in its exploitation presents the fact that it is generated periodically and its volume and 
form are difficult to define. Quite often the waste removed from a road, public surface etc., is 
impossible to collect and take to a landfill, and it often stays on the spot. In addition to that, the 
said quantity should be reduced for about 10% on account of leaves (usually needle-shaped 
leaves) which fall off from the branches during the process of biomass drying.Two special 
vehicles are used for the performance of those activities, with annal consumption of over 1,200 l 
od diesel fuel. 

Table 18: Average quantities of collected branches and dried trunks by months 

 Quantity of collected branches and dried trunks (m3) 

Month of the 
year 

I II III IV V VI VII VIII IX X XI XII

Biomass / / 250 300 320 420 410 400 350 250 100 / 

 

Public Utility Company „Zlatibor" disposes of such and similar waste at one regional landfill. 
Approximately 7,900 m3 of waste was collected in 2013. Often left by the waste containers in 
settlements is woody waste, mostly composed of branches, which is best disposed of by intended 
combustion. The appearance of such waste is given in Item 23.  

In addition to the above mentioned company, there is also the Public Enterprise for Construction 
Land and Construction of the Municipality of Čajetina in charge of the maintenance of public 
parks and collection and treatment of plant waste, which in 2013 collected around 460 tons of 
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plant waste which was taken to the landfill without further treatment. The appearance of such 
waste is given in Item 24.  

  

Item 22. Branches from parks as waste biomass 

  

Item 23. Branches from the maintenance of farmsteads as waste biomass 

In accordance with the above mentioned facts it can be concluded that not all waste can be used 
for power generation, but that the organized collection and sorting of waste would significantly 
increase the potentials of available biomass used for the functioning of thermal power plant in 
the Municipality of Čajetina.  

  

Item 24. Branches collected from road maintenance as waste biomass 

 

Biomass potentials from energy plantations 

Plantations for the production of wood biomass (Item 25) with short production cycle can also be 
considered an alternative raw material for power generation. 
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According to the records of competent institutions, there is approximately 300 ha od land in the 
Municipality of Čajetina which, according to its characteristics, can be put to use for forming 
woody biomass plantations. During the four-year production cycle, on a yearly basis, the trees 
achieve the average increase in the diameter from 8.5 to 13.0 cm, height from 12.0 to 14.5 m, 
and volume of 50 m3/ha. Energetic value of those plantations (formed on adequate soil) is similar 
and amounts to approximately 250 GJ per hectare a year. 

 

Item 25. Different vegetation stages of trees in "energy plantations" 

If the surface area of 300 ha (which the Municipality of Čajetina could provide for that purpose) 
was used for "energy plantations", the quantity of biomass produced each year would equal half 
of the power generated from all other resources of biomass obtained from wood residues in the 
territory of the municipality. In that case, the volume of wood mass would be around 3,500 m3 a 
year. The potentials exist, and in combination with actual possibilities for providing wood mass 
for thermal power plants, other conditions would be met as well. 

2.2. The type and quantity of actual available biomass, from the perspective of 
accessibility and possiblities of utilization 

2.2.1. Analysis of the available quantities of wood biomass in the area of Čajetina 
Municipality 

Available biomass from agriculture 

Despite theoretically significant energy potentials of biomass made in the processes of 
agricultural production, effectively usable potentials which could actually be converted into 
energy are very small, almost insignificant.  

Biomass from livestock farming (with the share of nearly 80%) is in the form of manure, the use 
of which is neither technically nor economically justified because of the fragmented production 
of livestock which is mainly bred on meadows and pastures. 

Biomass from crop farming could be of interest, but the amount is small. The harvest is 
performed several times a year, and sometimes there is a significant distance between the places 
where biomass is generated. Being located on small plots owned by elderly households, there is 
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not enough modern machinery in the municipality for its collection, transport and storage.  
Construction of a separate plant for preparing and feeding of such biomass into the thermal 
power system, would be absolutely unprofitable in terms of the amount and transport 
possibilities. Therefore, it can be concluded that, similar to the situation pertaining to the 
resources from livestock farming production, it would be best to give up on energetic 
valorization of such biomass.  

Biomass from agricultural production that has the most realistic prospects to be used in a thermal 
power plant is the one made in the processes of pruning and clearing orchards. This biomass, 
with the amount of 1,835 tons per year, makes up 15% of the total agricultural biomass 
potentials, and would, in theory, enable the production of 3,473.5MWh per year. However, 
bearing in mind the extent of the orchards, the possibility of access for the machinery, intensity, 
i.e. density of the plantation, and the supply of adequate machinery for collection, transport and 
preparation of such biomass, the rough assessment is that only about 1/5 of the available qunatity 
could actually be exploited. That means that about 360 t or 600 m3 of biomass per year would be 
available for energetic valorization in thermal power plant. 

As mentioned before, there are no residues in the food processing industry which could be used 
in a separate plant for energy production. 

Available biomass from forestry and wood processing industry 

Previous sections of this study have been dealing with the conditions and characteristics of 
private and state owned forests, and the companies from Čajetina Municipality engaged in wood 
processing and producing forest residues left in the forests after the harvesting, and wood 
residues from wood processing. Accordingly, it has been stated that the amount of forest residues 
in private forests is 1,195 m3 in state forests, i.e. 3,710 m³ in the Forest Administration 
’Zlatibor’, whereas the amount of wood residues (sawdust and slabs) is about 3,500 m³, which 
for the observed area amounts to the total of about 8,400 m³ of wood biomass. These amounts 
have been obtained by perusal of various records and planning documents pertaining to years 
2014 and 2015, and on the basis of the information provided by the owners of various companies 
engaged in wood processing, either directly or indirectly. However, despite the obtained  
information on the quantity of wood biomass (forest residues in the first place) collected in this 
way, this does not mean that the entire quantity is available for further exploitation, which is due 
to several reasons such as: high costs of collection at felling spots for further manipulation 
(transport, grinding), improving the characteristics of the habitat, terrain configuration disabling 
the transport of forest residues to temporary store places from which they would be transported 
further or where they would be ground. Besides, it has already been mentioned that the 
information on biomass qunatity depends on the volume of harvesting performed in private and 
state forests, as well as on the amount of produced sawn roundwood in wood industry 
companies, which can vary significantly due to all kinds of factors. 

Harvesting of private forests, and thus the amount of forest residues, depend solely on their 
owners,which is why any kind of planned management is out of the question. The number of 
demands for felling trees varies from year to year, which makes it impossible to predict the 
amount of trees to be felled or the amount of forest residues. If the demand for forest residues or 
less valued wood assortments increased, it would probably raise the owners’ interest in their 
forests and financial benefits this may bring. One of the possible solutions would be setting up an 
association of private forest owners in the territory of Čajetina Municipality through which the 
demand and supply of wood and wood residues from private forests would be managed.  
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Harvesting of state forests managed by the Forest Administration ‘Zlatibor’ is conducted in a 
planned manner, and the situation with regard to prospective wood residues production is much 
better than in private forests. The extent of harvesting by management units is regulated by the 
Specific Plan of Forest Management made for a ten-year period. Due to that document, the 
volume of felled trees is approximately the same every year, as are the amounts of forest 
residues. Felling technology implies that wood assortments are produced at the felling spot, 
meaning that the branches and the tip are left at the felling spot, and wood assortments (if the 
assortment method is applied) or the whole trunk (if the trunk method is applied) are dragged to 
the temporary store place on the lorry road. Pursuant to the Regulation on Forest Order (Official 
Gazette of the Republic of Serbia No. 106/2008, 34/2009, 104/2009 and 8/2010) it is prescribed 
that “right afer the harvesting of conifers and elms, forest users and owners shall remove all the 
bark from the stumps, strip all the shaped assortments of their bark, over 5 cm thick, if they are 
to be left in the forest for more than 30 days from the day of harvesting and shaping assortments, 
and shall make orderly piles from the pruned branches and removed bark”. This actually means 
that conifer branches have to be arranged in piles, which facilitates their dragging to the lorry 
road. However, there are numerous limiting factors which disable dragging the forest residues to 
the above mentioned temporary store places, and accordingly, as it is the situation with private 
forests, not all of the amount of forest residues from state forests can be counted on. As for now, 
forest residues, mainly branches and tips from easily accessible locations (near roads, railway, 
and the like), are used by the local village population as firewood.Clearcutting provides space for 
increasing the amount of forest residues, as it is one of the care measures taken in the period of 
older sprouts and young shoots. Clearcutting removes all the trees which hinder the growth of 
those with better phenotype characteristics. Removed trees could be used as forest residues, 
which would improve these care measures for young stands and boost their implementation.  

On the basis of the stated limiting factors, about one third of the forest residues from private and 
state forests cannot be used, meaning that, currently, there are approximately 3,270 m³ available 
for the production of biomass.  

Taking into account all the mentioned limiting factors, the assessed quantity of forest and wood 
residues which could be used as biomass in the area of Čajetina Munipicality, currently amounts 
to approximately 6,770 m³. 

Available biomass from other suppliers 

Setting up "energy plantations" is highly uncertain at the moment, so the stated potential 
quantities will not be taken into the account in the final balance of available biomass.  

The only obtainable biomass is that generated from the activities of the public utility companies, 
collected in the course of trimming woody plants in public spaces, maintaining roads, from 
natural persons, etc. In spite of the fact that, according to official data, the annual amount of 
biomass for energy consumption exceeds 3,600 m3, it cannot all be used for that purpose. 
Because of the extremely irregular form and quantity of biomass, the location where it is 
generated, and the profitability of its removal, the rough assessment is that only around 1/6 of the 
available quantities of such biomass could be exploited. If that was the case, there would be 
about 600 tons or about 1,000 m3 of biomass per year for energetic valorization in a thermal 
power plant. 
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The total amount of available biomass for energy purposes in the Municipality of 
Čajetina 

The total amount of biomass which could be used in a thermal power plant on a yearly basis is 
shown in Table 19.  

Table 19: The total amount of biomass that could effectively be used in a thermal power plant 
for producing energy in the Municipality of Čajetina 

No. Sector of biomass collection  
Amount of 

biomass 
Volume of 

biomass 
Available 

energy 

  (m3) (t) GJ 

1. Agricultural production 600 360 5.400 

2. Forestry 3.270 1.960 30.411 

3. Wood processing industry 3.500 2.100 29.400 

4. Public utilities 1.000 600 8.400 

The total of biomass 8.370 5.020 73.611 

 

The stated amount of energy would enable a whole day work for a 2.1MW thermal power plant 
during 330 working days per year. The assessed level of usability of the plant is 0.8, since the 
fuel used for power generation would be chipped wood waste, which often possesses varying and 
unfavourable technical characteristics (different size, moisture content, etc.). 

2.2.2. The list of potential major biomass suppliers 

Thermal power plant suppliers with significant deliveries of wood, wood residues, sawdust or 
pellets are not easily singled out, as the quantities of biomass available from those companies 
vary from year to year, and they mainly deliver the waste to pellet producers. However, the most 
significant wood and wood product suppliers are the following:  

Table 20:  Names and addresses of companies dealing with production and distribution of wood 
and wood products 

No. 
Company name  Company address 

Primary 
activity 

1 2 3 4 

1. ŠU "Zlatibor" Jevrejsko brdo 62, Zlatibor 
Forest 

management  

2. KJP "Zlatibor" 
Prve partizanske bolnice br.7, , 31315 
Zlatibor 

Public utilitity 
services 

3. 
"Gorštak" d.o.o.,  
sedište u Bajinoj Bašti 

Proizvodni pogon 
Braneško polje bb, 31244 Šljivovica 

Pellet 
production 

4. "Šumadija Šimšić" d.o.o. Kriva Reka, 31312 Mačkat 
Wood chips 
production  

5. "Zlatar - šped" Kokin brod, 31318 Nova Varoš 
Pellet 

production 
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1 2 3 4 

6. "Nanix wood" Vraneša bb, 31318 Nova Varoš 
Pellet 

production 

7. ZR "Ivan Virić" Kriva Reka, 31312 Mačkat 
Primary wood 

processing 

8. SZR ,,Braća Marković"  Jablanica, 31315 Zlatibor 
Primary wood 

processing 

9. ZR ,,Popović" Jablanica, 31315 Zlatibor 
Primary wood 

processing 

10. ZR "Didali" Jablanica, 31315 Zlatibor 
Primary wood 

processing 

11. ZR ,,Agrotornik" 31315 Zlatibor 
Primary wood 

processing 
 

3.  Needs for biomass used for non-energetic purposes (current and prospective) 

The two major product types from the total volume of harvested wood are: technical round wood 
and cordwood. In addition, there are wood residues (bark, twigs and stumps) which, with the 
current state of technology, usually remain in the forest, although they could be put to useful 
purposes.  

Production of sawn wood 

Sawn wood (and furniture) is the most frequent forest product in Serbia, where sawmills make 
around 60% of the total number of wood industry companies. The same applies for the 
Municipality of Čajetina, where sawn wood is also the most frequent forest product. As it has 
been stated, there are several sawmills with significant capacity, while the other are small plants 
with a low level of capacity utilization, whose price of sawn wood is often not competitive in 
relation to the price of imported sawn wood.  

Production of wood panels, plywood and medium density fiber (mediapan) 

Pressed chipboard panels have kept the leading place in the production of wood panels in Serbia. 
Furniture manufacturers are the biggest consumers of these boards. Chipboard consumption has 
been growing in the past ten years, but it is still smaller in comparison with other Balkan 
countries.  

As for the future, the need exists for the construction of new facilities for producing wood 
panels, plywood and MDF boards, and it would be highly recommendable to construct such a 
plant in the Municipality of Čajetina, but unfortunately, there are currently no plans for any such 
activity.  

Production of windows, doors, furniture, parquet  

In the territory of the municipality there are several craft shops producing wood windows and 
doors, but their business is of local character and insignificant compared to the whole available 
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quantity of wood assortment in the municipality. Since those facilities are not capable of meeting 
the required quality standards in producing furniture and parquet as final products, development 
prospects of the stated businesses are not very promising. 

Production of pulpwood and paper 

In the territory of Čajetina Municipality, and in the surrounding region, there are no pulpwood or 
paper production facilities, and those in other parts of Serbia have mainly stopped working (like 
the ones in Loznica or Sremska Mitrovica). There are no conditions for their construction in the 
territory of the municipality, so demand for wood should not be planned for that purpose. 

Using wood in meat and food industry 

Certain amounts of wood could also be used in meat industry present in the territory of the 
municipality both in small production facilities and in big companies (such as Zlatiborac d.o.o., 
IM Zlatibor d.o.o., etc.). Taking into account that the Municipality of Čajetina is a tourist region, 
this form of wood consumption has promising prospects, but only to a certain extent. 

Using wood in the production of mulches  

Conifer slabs make excellent surface coverings for: substrate for some plants (blueberries, 
cranberries, and so on); soft draining mulch for trim trails; mulch for dog training grounds; 
mulch for children’s playgrounds; substrate for shady areas not suitable for plant growth (to 
prevent weed), etc.   

Laid in strips, up to 12 cm thick, such substrate keeps the good soil moisture and can be very 
decorative. Its pH value is about 4.5, which makes it an ideal substrate for planting blueberries, 
cranberries, rhododendrons, and azaleas. On trim trails it has proved to be an excellent mulch as 
it is elastic, possesses draining characteristics, and fits in the natural ambience.  

With the expansion of surfaces under blueberries, cranberries etc., as well as the expansion of 
sports and recreation grounds (especially in Čajetina Municipality which is oriented towards the 
development of tourism), there will be growing need for mulch layers, but not so big as to 
disturb the established balance of biomass available for power generation in the thermal power 
plant in Čajetina Municipality. 

 

4. Using biomass for energy purposes 

4.1. Elementary and technical analysis of biomass as a fuel 

Wood is perennial biomass, a lignocellulose material with somewhat unstable elementary 
composition due to numerous factors. 

Comparative overview of elementary chemical analysis, reduced to dry matter, is shown in Table 
21, where the sulphur content is neglected.  
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Table 21:  Chemical composition of some domestic types of wood 

Type of wood 
Elementary chemical composition (%) 

C H O 

Beech 48,5 6,3 45,2 

Oak 49,4 6,1 44,5 

Spruce 49,6 6,4 44,0 

Fir 50,0 6,4 43,6 

Pine 49,9 6,3 43,8 
 

The more important characteristics of wood as a biofuel, significantly affecting the combustion 
process, are as follows:  

 in comparison with conventional energy sources, wood is a cheaper fuel, 

 its low energy per unit volume raises transport costs, 

 wood has a lower content of useful carbon and hydrogen combustion elements and a high 
content of oxygen which reduces its thermal power, 

 in the wood mass there is a low content of nitrogen and sulphur (present only in trace 
quantities), which makes wood a highly ecological biofuel,  

 wood has a low content of mineral matters (<1%), but nevertheless, during the process of 
wood combustion ash must not be disregarded, 

 in addition to other components, wood contains a certain amount of moisture, the content 
of which can vary to a significant extent. In the furnace, the varying moisture content can 
manifest as combustion of two completely different biofuels, 

 combustible evaporative matters (volatiles) in wood amount to approximately 80% of its 
total mass, 

 one of the most significant technical characteristics of biofuel is their thermal power. 
Experimentally determined low thermal power ranges of some more frequent domestic 
types of wood are shown in Table 22. 

Table 22:  Lower thermal power ranges of some domestic types of wood 

No. Type of fuel Lower thermal power ranges  

  (kJ/kg) 

1. Bukva 18.820 

2. Hrast 18.360 

3. Crna topola 17.260 

4. Smrča 19.660 

5. Jela 19.460 

6. Bor 21.210 

 

Some of the advantages of biomass as a fuel are that it is an easily accessible, renewable and 
environmentally friendly source of energy.  
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4.2. Contemporary systems for generation of usable energy from biomass 

Biomass has been used since the beginning of human life for producing thermal energy, 
although, nowadays, there is more interest in turning biomass into a fuel richer in energy, or even 
using it for obtaining another form of energy, such as electric energy. Cogeneration plants are 
used for that purpose, where thermal and electric energy are both produced from biomass in 
certain proportions. 

Technological and technical solutions applicable to combined production of electric and thermal 
energy from biomass with the areas of application of certain procedures and the level of electric 
usability are shown in Item 26.  

 

Item 26. Areas of electric power range and levels of electric usability of certain procedures of 
cogeneration with biomass exploitation 

Table 23 provides some characteristics of the system for cogeneration applicable to biomass.  

Table 23:  Characteristics of the system for combined production of electric and thermal energy 

No. System Advantages Disadvantages Q/E 
Proporti

on 

ηe 
ηuk 

Usual 
power 
range  

     (%) (MWe) 

1 2 3 4 5 6 7 

1. 

Steam 
turbine 
plants 

High total level of 
usability; any fuel can 
be used; can operate 
in different regimes; 
long lifetime; high 
reliability; the propo-
rtion between electric 
and thermal energy 
can be changed 

Slow start; low 
proportion of 
produced electric 
energy as compared 
to thermal energy; 
adverse 
performances in case 
of changing the 
operating regime 

2:1 

to 

7:1 

10-28  

to 80 
0,5-250 
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1 2 3 4 5 6 7 

2. 

ORC 
plants 

Good compactness 
of the plant; low 
maintenance costs; 
high level of 
automation 

High investments; 
low level of electric 
usability 

4,5:1 

to 

5:1 

15 

65-70 
0,005-3 

3. 

Stirling 
engines 

Wide range of 
thermal sources; 
simpler structure 
than other engine 
types 

The amount of 
working material 
decreases in time 
due to the process of 
diffusion; low level 
of electric usability; 
small specific power 

5,5:1 

to 

6:1 

10-15 

85 
<0,1 

4. 

Hot-air 
turbines 

Any fuel can be 
used; output air can 
be used for direct 
drying 

Require special 
materials; the system 
is still in its 
development phase 

- 10-30 
0,03-
0,25 

5. 

Plant oil 
engines 

High level of 
usability; simple 
handling; Wide 
power range; also 
appropriate for lower 
power values 

Use expensive fuel; 
require regular 
maintenance 

1:1  

to  

1,3:1 

30-43  

65-85 
0,05-5 

6. 

Gas 
engines 
(biogas) 

High levels of 
usability; also 
appropriate for lower 
operating power 
levels. 

Expensive fuel 
1:1  

to 

1,3:1 

39-42 

85 
0,25-2,5 

7. 

Auto-
ignition 
gas 
engines 

Quick start; high 
level of electric 
usability under 
reduced loads; also 
appropriate for lower 
power values. 

High maintenance 
costs; expensive 
fuel. 1:1 to 

1,3:1 

30-45  

65-85 
0,05-5 

8. 

Gas 
turbines 

High reliability; low 
emission; high 
temperature heat; 
does not require 
cooling. 

Low level of electric 
usability at low 
loads; potential 
operation failures; 
high maintenance 
costs; high 
investments. 

1,5:1 

to 

5:1 

22-36 

70-75 
0,5-250 

9. Micro 
turbines 

Can use all types of 
fuels; quick start; 
high operating 
reliability. 

High price; low level 
of electric usability 
in comparison with 
gas turbines. 

4:1 

to 

1,2:1 

15-30 

65-75 
0,015-
0,35 
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1 2 3 4 5 6 7 

10. 

Fuel cells Low emission; High 
levels of usability at 
all loads 

High investments; 
short lifetime; use 
expensive fuel. 

0,5:1 

to 

1:1 

40-70 

80-90 
0,01-100

 

Q/E – proportion of produced thermal and electric energy 

On the basis of what has been presented in the previous sections, it can be concluded that 
potentials and possibilities of using biomass for combined production of electric and thermal 
energy are more favourable for solid biomass as opposed to liquid and gas biomass. Areas of 
application of solid biomass as a fuel are shown in Item 27.  

 

Item 27. Areas and power range appropriate for using solid biomass as a fuel  

Based on the shown information about combined production of electric and thermal energy, the 
appropriate plant for solid biomass would be a steam turbine or an ORC one. For ORC plants the 
area of total power is 2.5 to 6 MW, that is, about 400 kW to 1 MW for electric power. Steam 
turbine plants cover the total power of 2 to 50 MW, that is, 0.6 to 10MW for electric power. The 
total level of usability in both cases is up to approx. 80 % (in special cases even up to 85 %), 
whereas it is higher for bigger and more modern plants. 

Steam turbine plants are generally more advantageous than ORC plants, as the percentage of 
electric energy is higher, but the lower limit of the total energy range is higher, therefore there 
can be a smaller number of potential users.  

Regarding the length of period when thermal energy is used in the course of a year, and taking 
into account fuel prices, it is the most beneficial when thermal energy is first used for 
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technological purposes, and then for heating and air-conditioning of commercial and residential 
buildings.  

In areas where there are no big technological consumers (like Čajetina town), thermal energy 
must be directed towards heating public institutions and multi-storey buildings. In order to 
optimize the level of usability of the plant, the plant is going to be designed with a lower thermal 
energy than the calculated, and part of the thermal energy, if needed for heating, will be covered 
by using fossil fuels in a separate boiler. Fossil fuel boilers have a better regulation capability; 
therefore such combination is very common. It is important to select the cogeneration plant 
power so as to have the highest possible level of thermal energy usability, and the lowest 
possible amount of fossil fuel energy.  

4.3. Technologies for burning available forms of biomass 

One of the most important guidelines for designing a cogeneration plant for biomass combustion 
is the right choice of combustion technology. Adequate combustion technology selection is 
crucial for the energetic, economic and ecological efficiency of the plant operation. 

Probably the most significant factors for the choice of combustion technology are those related 
to the type and form of available biomass, required power of thermal power plant, type of 
biomass furnace, content and characteristics of ash in biomass, limitations regarding the extent of 
harmful environmental influence, the amount of available investment funds, etc. 

Nowadays, for the realization of technologies for direct combustion of biomass, facilities of 
different thermal power are being used, from those applied in households of the power range 1 to 
120 kW, to the biggest boiler and cogeneration (CHP) plants of the power exceeding 400 MW.  

Table 24 presents the analysis of the facilities, that is, of the furnace where biomass is 
combusted, according to the type of use, type of furnace, type and form of biomass used, and 
their usual content of ash and moisture.  

Table 24:  The most frequently used facilities for biomass combustion 

Type of use Type of furnace 
Thermal 

power range 
Fuel 

Ash 
content 

Moisture 
content 

1 2 3 4 5 6 

Manual 

Wood stove 2 – 10 kW Short dry logs <2% 5-20% 

Log wood stove 
or boiler 

5 – 50 kW 
Short logs, pruned 
branches 

<2% 5-30% 

Pellets 
Pellet stove or 
boiler 

2 – 25 kW Biomass pellets <2% 8-10% 

Automatic 

Understoker 
furnace 

20 kW – 25 
MW 

Wood chips, 
pruned branches 

<2% 5-50% 

Moving grate 
furnace 

150 kW – 15 
MW 

All fuels from 
wood residue, most 
types of biomass 

<50% 5-60% 

Pre-oven with 
grate 

20 kW – 15 
MW 

Dry wood, pruned 
branches 

<5% 5-35% 
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1 2 3 4 5 6 

Automatic 

Understoker with 
rotating grate 

2 – 5 MW 
Wood chips with 
high moisture 
content 

<50% 
40%-
65% 

Cigarette-shaped  
burner 

3 – 5 MW Biomass bale fronts <5% 20% 

Whole biomass 
bale furnaces 

3 – 5 MW 
Whole biomass 
bales 

<5% 20% 

Machinery for 
agricultural 
biomass 

100 kW – 5 
MW 

Biomass bales with 
chipped mass  

<5% 20% 

Stationary 
fluidized bed 

5 – 15 MW 
Sawn biomass, 

d < 10 mm 
<50% 5-60% 

Circulating 
fluidized bed 

15 – 100 MW 
Sawn biomass,       
d < 10 mm 

<50% 5-60% 

Dust burner 5 – 10 MW 
Sawn biomass,  

d < 5 mm 
<5% <20% 

Combustion 
of mixed 
fuel 

Co-
combustion 
* 

Stationary 
fluidized bed 

Total 50 MW 
– 150 MW 

Sawn biomass,  

d < 10 mm 
<50% 5-60% 

Circulating 
fluidized bed 

Total 100 – 
300 MW 

Sawn biomass,  

d < 10 mm 
<50% 5-60% 

Dust burner 
Straw 5 MW – 
20 MW 

Small sized 
biomass, d = 2-3 
mm 

<5% 20% 

* the content of biomass in the total amount of fuel is usually less than 10% 
 

Table 29 presents various possibilities of biomass combustion. On this level, it is important to 
mention that total combustion and a high level of energetic efficiency in plants for direct biomass 
combustion is not easily achievable. In general, the higher the granulation of biomass is and the 
more the furnace is fed at once (especially if the biomass has a high moisture content), the 
combustion is of lower quality, and the emission of harmful gasses into the atmosphere is higher, 
but the generation of the same thermal power is significantly cheaper, on the whole. When 
quality is the priority, small sized biomass, such as wood pellets, are used for combustion.  

Adequacy of technological and technical solutions for thermal power of furnaces up to 100 MW 
and some forms of biomass for combustion are illustrated in Item 28.  

 

5. Indicators of technical characteristics of thermal energy plant using biomass 
for power generation 

Contemporary way of using biomass for energy purposes requires maximum optimization of the 
whole system, by simultaneous keeping the prices at a reasonable level and environment 
pollution at the lowest possible level. All this can be realized only if the power of the plant is 
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properly defined and if adequate technology is chosen for preparing and combusting the 
available biomass.  

On the basis of detailed research it has been determined that in the Municipality of Čajetina the 
largest amount of biomass could be collected from forestry, wood processing industry, and the 
activities of public utility companies. According to Table 19 hereof, the expected annul 
collection of biomass in the whole municipality could be over 8,000 m3 or 5,000 t, with energy 
exceeding 73,000 GJ. The stated amount would enable whole day work of a thermal power plant 
of the total power of over 2.0 MW throughout 330 working days a year. The selected plant 
would be cogenerative, that is, it would produce about 1,400 kW of thermal power and about 700 
kW of electric energy.  
 

 

Item 28. Adequacy of technological and technical solutions for biomass combustion 

S– batch furnace, with non-moving grate; V– with moving grate; U– with bottom loading 
(bottom retort)  E– with spatial combustion (cyclone or whirl furnace), W– with fluidized bed; 

Z–with front combustion (cigarette-shaped) 

Thermal power would be directed towards heating public institutions under the jurisdiction of 
local government  (town hall, library, healthcare centre, etc.), which currently spend 980 kW of 
thermal power. The remaining available thermal power from cogeneration plant would be 
directed towards heating 11 buildings of public utilities and services, on the account of which the 
usability level of the cogeneration plant would be highly increased.  

Cogeneration plant operation is based on Rankine Cycle in which heat is turned into mechanical 
work which in turn produces electric energy. There have been plans for the summer and winter 
regime of the plant operation. During summer months, the total produced amount of steam is 
exhausted onto the turbine blades, wherewith the whole amount of the used steam gets 
condensed. During winter months, part of the steam is directed towards the condenser for heating 
of the working medium of remote heating, which reduces the capacity for producing electric 
energy.  

Graphic illustration of the plant operating technology is shown in Item 33. 

Since the stated amounts of available biomass mostly relate to waste biomass, it can be assumed 
that such biomass will be very diverse as to the type, form, technical characteristics (thermal 
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power, moisture content, etc.) and availability time. Probably the most important thing for proper 
operation of a thermal power plant is an appropriate choice of technology and technique for such 
biomass combustion. In accordance with the information provided in Item 28, and in view of 
minimizing plant construction costs, it can be concluded that such diverse and often wet biomass 
should be combusted in a furnace on some of the moving grates.  

 

Item 29. Operating technology of the cogeneration plant 

There would be a temporary store place in the immediate vicinity of the plant, designed so as to 
enable easy unloading from a lorry or other transport vehicle in several separate sections for 
different types of biomass. This would make it possible to mix several types of biomass into the 
longitudinal transporter and thus facilitate regulation, i.e. regimes of combustion.  

The expected consumption of biomass in the full operating regime of the plant is about 550 kg 
per hour, i.e. 13.2 t per day (the thermal power of the biomass is 16.5 MJ/t). Therefore, for the 
plant operation during the planed 330 days in a year, it would be necessary to provide minimum 
of about 4 500 t of biomass, which also include potential waste of biomass due to various factors 
(rain leaks, dispersal, etc.)  

The general appearance of the thermal power plant is illustrated in Item 30.  

 

Item 30. General appearance of the thermal power plant 
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As shown in Item 38, special attention has been paid to filtering the gaseous products of 
combustion, as it has been suggested that the plant should be constructed in the close vicinity of 
the town, that is, on the plots under cadastral numbers 1669/1, 1669/2 i 1669/3, which are at 500 
meters air distance from the Town Hall (Item 31). 

 

Item 31. Location of the suggested plots for thermal power plant construction 

The choice of location is advantageous in many respects, namely: 

 The area of the surface amounts to over 3,000 m2, has a bit irregular shape, but if the 
plots were brought together, the length of one whole plot would be over 200m with the 
minimum width of 100m. 

 The location is in the close vicinity of the town, and accordingly, connnection to the 
necessary infrastructure would not be costly.  

 There is a paved road running along the location. 

 The way from the town centre to the location is slightly downhill. 

 The terrain of the plots is convenient for building structures and the infrastructure. 

 In the close vicinity (across the paved road) are industrial plants for meat processing 
which have not been working for the last several years, but they could be used for starting 
certain production, especially in summer months, by using the thermal power from the 
thermal power plant (drying timber and the like). 

 Čajetina town is developing in the opposite direction. 

The expected costs for constructing cogeneration thermal power plant are shown in Item 32, 
consisting of the following most important items: 
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 Costs of plant design; 

 Costs of construction works for the plant building, temporary store place, access roads 
and drain system; 

 Costs of the machinery for the cogeneration themal power – CHP plant and electric 
generator equipment; 

 Costs of connection to infrastructure nodes (electric power, hot water, water supply, 
sewerage, and postal network); 

 Training costs of the workers; 

 Costs of installing, testing and putting the plant into operation;  

 Costs of spare parts and special equipment; 

 Costs related to conforming to relevant regulations (requirements of environment 
protection, fire and explosive protection, etc.)  

 Costs of adapting the existing technical systems which precede or follow the operation of 
cogeneration thermal power plant. 

 

Item 32. Expected unit costs for constructing a thermal power plant 

6. Predicted ways and dynamics of supplying the thermal power plant with 
biomass 

6.1. Ways of collecting, transporting, storing, preparing and combusting biomass 

According to the displayed balance of available biomass which can be used for energy 
production in the Municipality of Čajetina, it can clearly be stated that the only real resources of 
such biomass are residues from forestry, wood processing industry, and public utility activities.  

Taking into account that modern furnaces in thermal power plants are mostly adapted for the 
same form of biomass combustion and that only in that way they can achieve expected levels of 
usability, the question is in which form the available biomass could be combusted. Proper 
selection of the form of biomass for combustion will lead to easier and more efficient plant 
operation and obtaining currently desired parameters in its operation. Great efforts should thereof 
be directed towards selection of the most optimal technology for collecting, transporting, storing 
and preparing the biomass for combustion, which will enable successful realization of those 
processes from technical, economic, and ecological aspects. 

System with combined cycle 

System with gas turbine 

System with steam turbine 
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The best results in combustion of such diverse biomass would be achieved if the biomass was 
prepared in the form of pellets (of standardized characteristics, if possible). In that way, 
numerous problems in fuel combustion would be solved, as well as in securing realization of 
desired operating parameters and in minimizing environment pollution. However, some new 
problems could arise. A minor problem would probably be a significantly higher price of biofuel 
(which would also raise the cost of the produced kWh of the produced electric and thermal 
power). Major problems could, however, appear in the facilities for pellet production, as it is a 
complex technological process which requires uniformly prepared raw material (biomass) from 
the aspect of type, granulation, moisture content, and so on. 

Due to the above mentioned, the only biomass that could be used as biofuel would be small sized 
biomass, in the form of wood chips or splinters. In that way, wood biomass which is different in 
shape, size, moisture content, thermal power and other characteristics, could be uniformly 
prepared (and used). One of the biggest advantages of using biomass as a fuel in the form of 
wood chips is that it is very convenient for all technological processes to be performed in an 
entirely mechanized way, with total automation of work.  

Wood chips or splinters represent pieces of wood biomass of various shapes and sizes which 
appear in the process of cutting wood into smaller pieces. The length of a wood chip can be from 
1 to10 cm, and there are three categories of wood chips: 

 fine, small-sized chips, up to 3 cm, 

 medium-sized chips, up to 5 cm, and 

 large-sized chips, up to 10 cm 

Wood chips are made during the harvesting and cutting thinner and crooked trees, branches, 
bark, stumps, and other wood residues from processes conducted in forestry, wood processing 
industry and the activities of public utility companies, by using only mechanized methods of 
cutting wood. Very important for the profitability of energy produced from a cogeneration 
thermal power plant is that chip production consumes very little energy, only 0.5% of the energy 
which can be obtained by its combustion. However, what most affects the amount of energy 
consumed in wood chip preparation is the percentage of moisture in the raw material. If the small 
pieces of chips need to be dried, the preparation of this material will spend about 20% more 
energy than if it is ready for combustion right afer chipping. For effective use of wood chips in 
automated combustors it is very important that the moisture content is under 20% and that the 
size of the chips is uniform. When receiving chipped biomass from forestry and public utility 
companies it is to be expected that the mass has a moisture content even above 40%; the already 
wet material absorbs more moisture during transport and storage, so it needs to be artificially 
dried (in drying rooms). 

If in a certain period of time, a larger quantity of wood chips appears, the separate combustion of 
which is not convenient to be done in the provided furnace, it should be arranged for the biomass 
to be pelleted in some of the facilities located in the territory of the municipality. Pelleting the 
raw material will raise the price of the fuel, but the loss will be compensated by the increased 
level of usability in the operation of the thermal power plant. 

Working technology for the preparation of biomass as a fuel 

In the course of organization of operations for the collection of biomass, it should be kept in 
mind that it is generated in totally different locations, in different form and size, and with 
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different physical characteristics (moisture content and the like), and all these circumstances 
must be observed during collection. 

The entire chain of supplying a thermal power plant with chipped biomass (wood chips) can be 
classified into several different technological processes as follows:  

Felling trees: The choice of felling method and the machinery used is made in relation to the 
expected wood assortment.  

Transportation: Biomass transportation implies transporting biomass to road vehicles and road 
transport (Item 33, on the left). This technological operation has a large influence on the total 
price of biomass as a fuel, which is why its optimization should be paid special attention to. The 
best effects are achieved by increasing the density of the transported biomass and by adequate 
selection of the form of transport. In Serbia, most often used means of transporting wood chips 
are aggregate lorries with trailer cubage of about 30 m3, and since mostly two trailers are used,  
about 60 m3 can be transported in one cycle.  

Lately, such means of transport have been used which, in addition to the aggregate lorry and the 
trailer, have a telescopic crane, so they do not need another working aggregate. Specially 
interesting way of biomass preparation is in the form of bundles and bales (Item 33, on the left), 
which are transported to a stationary chipper of a larger capacity. The effect of those systems, 
individually, is also much higher.  

Item 33. Method of transporting chipped and baled biomass 

Drying: The best way to organize cycles of felling trees and using biomass as a fuel is to let it 
dry naturally. There is no need for this if already dried wood is used or wood from wood 
processing industry. The usual moisture content of the biomass used in conventional furnaces 
should be below 20%. However, often biomass has to be additionally dried in order to reach that 
level. Artificial drying of biomass is most often performed in floor store places by circulation of 
the surrounding or heated air (Item 34, on the left) or in drum driers (more often for pellet)  (Item 
34, on the right), where the most frequently used energy source is also biomass. 

Forest residue (tree-tops and thin trunks), during the harvesting period (in spring) can have 
moisture content of 55-60%. By winter, that content reduces to 40% and then it can be chipped 
and dried, with the recommendation that the level of moisture content does not exceed 20%. It is 
also recommendable to have in the store place for material preparation a few separate rooms for 
storing biomass with different levels of moisture content and different structures, in order to 
avoid or shorten the process of drying biomass by mixing the materials immediately prior to  
feeding the plant. 
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Wood chips with moisture content of up to 29.9% are considered well dry, from 30 to 34.9%  
dry, from 35 to 39.9% wet, and with moisture content over 40% wood chips are considered very 
wet (corresponds to moisture content of a freshly cut tree). 

  

Item 34. Equipment for drying of chipped biomass by means of floor ventilation (left) or rotating 
drier (right) 

Item 35 illustrates how the reduced moisture content in biomass affects the change of thermal 
power. 

 

Item 35. Dependancy between thermal power and biomass moisture content decrease during 
natural drying 

Chipping: Chipping biomass in the form of wood chips is the procedure most often performed 
by using a chipper with a disc, barrel or spiral (the latter two are more rarely used). Chipper with 
a disc consists of a rotating disc and blades. It produces chips of equal size regardless of the 
thickness of the wood. A chipper with a barrel consists of a rotating barrel (of 500 to 1000 mm 
diameter) with blades laid in the grooves of its curved surface. Chips made with this chipper are 
not of uniform size. Machines for chipping wood biomass can be driven by an integrated electric 
system, a diesel aggregate, or by a tractor so that they can be stationary machines with 
foundations, installed separately or within the production system, but they are also often 
produced as mobile, portable machines (in which case they possess smaller capacity). Feeding 
the machines of smaller capacity with the material is most often manual, whereas in big 
machines feeding is performed by a crane or feeding device. 

Technological process of chipping has a large effect on the final price of biomass as a fuel. It is 
crucial to purchase equipment of optimal capacity, as the equipment is expensive, and any 
oversizing will burden the price of biomass with high amortization. 
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Depending on the type and characteristics of biomass and the machinery used, specific energy 
consumption can vary from 5 kWh/t to 100 kWh/t. The appearance and basic characterictics of 
chippers are shown in Table 25.  

Table 25:  Appearance and basic characteristics of wood biomass chippers 

  

Tractor mounted chipper 
without its own drive  

Pulled chipper with its own 
drive 

Chipper with its own drive of 
big capacity 

Declared capacity (m3/h) 

Chipping small sized biomass 
60 m3/h 

Garden residues: 80 m3/h 
Bark: 140 m3/h 
Tree trunks: 50 m3/h 

Garden residues: 230 m3/h 
Bark: 300 m3/h 
Tree trunks: 150 m3/h 

Max. power of the diesel engine for chipper drive (kW) 

180 kW 360 kW 480 kW 

Max. diameter of the chipped material (mm) 

360 mm 300 mm Depends on the inlet port 
 

Storage: Although wood biomass is less prone to biodegradation, it also gets pested by decay 
fungi which, by the rule, first consume cellulose and hemicellulose, and in the end the lignin 
itself (which reduces the thermal power). Depending on the storage conditions and working 
methods, in storing wood biomass there is a risk of self-heating.  

As a rule, chipped biomass should not be kept for a longer period of time, especially if it has a 
high moisture content. The basic characteristics of wood biomass assortments and the adequacy 
of their storage are shown in Table 26. 

Table 26:  Basic characteristics of forest biomass assortments 

No. Type/assortment Covering 
density 

Convenience of storage 
(in a pile/by the road) 

Quality of 
biofuel  

1. 
Harvesting residues 
(branches and the like) 

Very small 
Small to medium (if 

covered) 
Low 

2. 
Wood for producing 
energy (trunk of sma-
ller diameter or logs) 

Medium to big High Medium to high 

3. In bundles/bales Big High Low to high 

4. Stumps Small to medium High Low 

5. Wood chips  Big Low 
Low to high 

(depending on the 
mass) 
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Although from the operational aspect (mechanization of the process, transport, etc.) forest 
residues should be chipped as soon as possible, from the aspect of storage, biomass should be 
chipped immediately before energetic valorization. That should be done due to the fact that 
trunks and branches are almost entirely protected from microorganism attacks, whereas upon 
chipping they become highly prone to biodegradation. For protecting the quality of wood chips 
obtained from forest residues, they are to be stored with up to 25 % moisture content, in a closed, 
well-aired room, with a hard floor enabling ventilation by the surrounding air, heated if possible. 
Biomass with moisture content over 25% should be stored in half-closed shelters. The height of 
biomass in the store place is also important, since with the increase of the height the lossess of 
chip mass also increase. In general, a pile of wood chips should not be higher than 4 m, with a 
storage period of no longer than 3 months. 

If biomass is kept in the open air, it would be most appropriate to protect it with a cover, as in 
Item 36, since that method to a great extent facilitates all later operations and the combustion of 
biomass itself.  

 

Item 36. Covering biomass with waterproof paper 

As a rule, different assortments of biomass should be kept separately. Dry and wet bark should 
be stored separately. The same applies to dry (<40% of moisture content) and wet (>40% of 
moisture content) trunks or other wood residues.  

6.2. Costs of preparing biomass for combustion 

In order to define the costs of purchasing wood biomass which would be combusted in a 
cogeneration thermal power plant in Čajetina Muncipality, it was necessary to first determine 
which biomass could be used for that purpose according to: energetic needs, thermal power plant 
requirements, available quantities, dynamics of collection, and technical characteristics. 

On the basis of these criteria, several conclusions have been reached, summarized as follows: 

 on the basis of the comprehensive assessment of energetic needs according to locations 
and use, it has been found that only Čajetina town would have a long-term significant 
need for thermal and electric power consumption; 

 on the basis of potencial consumers and the structure and dynamics of their energetic 
needs it has been established that, for the purpose of energetic valorization of biomass, 
there should be constructed a cogeneration thermal power plant of the total power of 2.1 
MW with the proportion of thermal and electric power production of 1:3; 
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 the expected consumption of biomass in the full regime of the plant operation would be 
550 kg per hour, which is 13.2 t per day; 

 if the plant works the planned 330 days per year, it is necessary to provide the minimum 
quantity of 4,500 t of biomass; 

 that quantity of biomass cannot be obtained from primary crop farming production and 
food processing industry in Čajetina Municipality; 

 needs for the stated quantities could be satisfied by using wood biomass from forestry, 
wood processing industry, and the activities of public utility companies;  

 adding to the assortment, in case of some unpredicted difficulties which could be 
expected from biomass generated by pruning or clearing orchards, and whose usable 
potentials are assessed at about 360 t;  

 the quantity of actual available biomass per year from forestry, wood processing industry 
and public utilities amounts to 5,000 t; 

 supply structure of the available biomass in the municipality is such that, on a yearly 
basis, about 2000 t of residues could be obtained from forestry after harvesting, about 
2000 t of residues from wood processing industry, and minimum 500 t from the activities 
of public utility companies; 

 cogeneration steam turbine plant could realize a satisfactory level of operational usability 
only if the plant works in the automated regime, which implies mechanized feeding of 
biomass into the furnace according to the currently defined regime of plant operation; 

 for automated feeding of biomass and its successful combustion in the furnace it is 
necessary to use the chipped form of biomass, preferably biomass in the form of wood 
chips or pellets; 

 regarding the fact that Čajetina town is located almost in the central part, transport route 
length would be up to 30 km, which predetermines using wood chips as a fuel; 

 the final cost price of biomass as a biofuel must be calculated including the costs of its 
transport to the plant furnace; 

 wood chips from wood residues obtained from wood assortment in the Municipality of 
Čajetina are recommended to be used as a fuel both in plants for producing thermal 
power and in cogeneration plants, and for this reason only one cost price of biofuel will 
be calculated.  

Price analysis of the selected types and forms of biomass can be done in two ways: by stating the 
market price of the biomass or by making calculation analysis of real costs of purchase, 
preparation, storage, and transport of biomass.  

Stating the market price of wood chips would be by far simpler and more straightforward but, 
unfortunately, in Serbia there is no pricelist for this form of biofuel obtained from wood. It is 
especially the case with wood chips obtained from forestry, wood processing, and public utility 
residues. 

Regarding the logistics of supply, and taking into account the organization of the forestry sector 
in terms of the use of forests, terrain configuration, and technical equipment of the companies 
performing the services of harvesting and producing forest assortments, but also considering the 
characteristics of potential suppliers of thermal power plants with wood chips, it is to be 
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expected that wood chips from wood residues will be delivered on the lorry road. This kind of  
wood chips production is recommendable as it minimizes production costs (transport costs are 
low and the highest moisture content from the wood is removed naturally).   

For the calculation and collection of costs of the delivered quantities of wood chips, the price of 
wood chips should be formed on the basis of the delivered quantity and its moisture content.  

Assessing the value of wood residue biomass to be used as biofuel 

Calculating the price of wood chips from wood residue involves all the costs from the purchase 
of biomass to the moment of its combustion.  

Defining the purchase price of wood as raw material has been based on the market price of 
biomass. For the purpose of comparison,Table 27 presents the pricelist of the Public Enterprise 
"Srbijašuma" for firewood on the lorry road and on the stump for the year 2014. According to the 
pricelist, if the stated price for the respective wood category is not obtainable, there is a 
possibility of reducing the selling price by 10%. 

Table 27:  Public Enterprise "Srbijašume" pricelist for firewood on the forest lorry road and on 
the stump for the year 2014 

 

Red. 
br. 

Vrsta ogrevnog drveta On f. l. road Category I  Category II Category III  Category IV 

m3 prm m3 prm m3 prm m3 prm m3 prm 

1. Hard deciduous firewood, class I  3.967 2.737 2.896 1.999 2.651 1.830 2.381 1.643 2.111 1.456

2. Hard deciduous firewood, class II 3.011 2.078 2.013 1.389 1.741 1.202 1.499 1.034 1.226 845 

3. Hard deciduous logs 2.737 1.506 1.848 1.016 1.632 898 1.386 762 1.139 626 

4. Hard deciduous forest residues - - 1.355 543 1.143 458 930 373 720 288 

5. Soft deciduous and conifer 
firewood, class I 

2.654 1.832 1.832 1.264 1.660 1.146 1.511 1.042 1.340 924 

6. Soft deciduous and conifer 
firewood, class II  

1.971 1.361 1.323 911 1.156 798 972 671 815 563 

7. Soft deciduous and conifer logs 1.264 696 854 469 759 418 652 358 536 294 

8. Soft deciduous and conifer forest 
residues 

  730 292 649 260 552 221 445 179 

9. Pine firewood from the areas 
affected by fire  

1.976 1.364 732 505 618 426 505 349 368 254 

10. Firewood of other tree types from 
the areas affected by fire 

- - 847 586 755 522 641 442 550 379 

11. Forest residues from the areas 
affected by fire 

- - 603 416 417 167 189 75 - - 

12. Pine pitprops from the areas 
affected by fire 

2.957 2.040 1.880 1.297 1.639 1.131 1.419 979 1.180 814 

 

According to the above stated and some other sources, it can be concluded that the average price 
for acquiring larger quantities of wood, for a longer period of time, is 20 EUR/t for usable forest 
residues and 30-35 EUR/t for second class firewood.  Based on this information, the average 
price for biomass from forest residues and second class firewood has been established in the 
amount of of 3.3 RSD/kg. 
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In addition to the above mentioned, in order to define the total price of biomass from forest 
residues before making calculation of separate costs, adequate values of numerous variable and 
fixed costs had to be adopted as follows: 

 price of the machines involved in the process of biomass preparation, 

 potential annual performance of the machines (expressed in hours, h/a), 

 economic lifetime of a machine (depreciation of the value), 

 operation costs, 

 maintenance costs, 

 equipment and manner of organizing the operation of transport systems,  

 cost of labour, 

 insurance costs, interest rates, 

 average biomass dispersal, etc. 

Results of the calculations realized for separate categories of costs in preparation for combustion 
of the biomass obtained from forest residues and second class firewood in the form of wood 
chips are shown in Table 28.  

Table 28:  Price of wood chips from forest residue biomass and second class firewood 

Type of cost Cost price (din/kg) 

Wood material   3,30 

Transport to the temporary store place and 
temporary storage  

  1,15 

Chipping of wood material   2,43 

Additional drying of material by means of 
ventilation 

  1,88 

Storage   1,64 

Transport to the furnace   0,75 

Total price: 10,81 
 

Based on the information from Table 27, it can be concluded that, according to the planned 
assortment of forest residues and the planned technology, the price of such biofuel would be 
10,810 RSD. If the assumed Euro value is 120 RSD, price per ton of biofuel in the form of wood 
chips would, under current conditions, and with all accompanying costs, amount to 90.08 EUR, 
calculated at the moment of feeding the furnace of the thermal power plant.  

Because of much easier acquisition of other necessary quantities of wood biomass, costs of those 
other categories are expected to be lower in comparison with those calculated for supplying 
wood chips from forest residues. However, as a means of security in calculation of the required 
funds for the purchase of the total quantity of biofuel, the same cost price will be assumed for 
other quantities of wood biomass as well. 

According to the the stated information, for acquiring and preparing chipped wood biofuel in the 
form of wood chips, the funds to be provided on an annual basis would be:  
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 (4,400 t x 90.08 EUR/t) = 396,367 EUR 

The above calculation justifies the use of wood chips as a biofuel in a cogeneration steam turbine 
plant. 

 

7.  Forests as an ecological factor and the influence of their havesting on the 
environmental degradation 

Ecological and social functioning of forests have a huge significance for sustainable environment 
development. Condition of forests is the result of various factors: change of surface areas under 
forests, volume of harvesting for commercial purposes, forest fires, weather extremes and 
climate changes, air pollution, attacks of insects and pathogenic fungi, change of soil 
characteristics, soil erosion, and numerous other factors. 

Protective regulatory functions of the forests have a special significance for environmental 
protection, the most important of which are those related to ecological functions of forests such 
as: protection of habitats and biodiversities, climate regulation, sequestration of carbon from the 
atmosphere, and effects on watersheds and soil conditions.  

Protection of habitats and biodiversities Extensive and unplanned forest explotation, i.e. 
harvesting, has a very negative effect on habitats and biodiversities, which is reflected in rapid 
species extinction and frequent appearance of some other, ecologically undesirable species.   

Forests and climate changes – climate regulation Forests of the whole region of West Balkans 
are affected by changes caused by the processes of global warming and climate changes. 
Accordingly, there is a growing trend of forest decline (applied also to the Municipality of the 
Čajetina), which is why the increased attention should be paid to securing the well-being of 
forests, so as to create buffer effect against climate changes. 

Water protection is an important segment of ecological functioning of forests. Large-scale 
harvesting of forests multiplies the production of eroded material. The consequences are: 
destruction of the humus horizon of the soil; significant reduction of the infiltration and retention 
capacity; intensifying the surface (flood) runoff and more frequent occurence of flash floods. 
Forest function in protection of the quality and quantity of water resources has not yet been 
adequately assessed. In forests whose primary function is the protection of water flows, special 
management measures must be applied, as well as the control of erosion processes and their 
bringing to reasonable limits.   

Soil protection implies a number of crucial habitat-related, economic, social and cultural 
functions, vital for life sustaining. Soil is the vital resource exposed to numerous degradation 
processes and growing pressures. In order to establish sustainable development, protection of 
this resource is indispensable in all aspects, and especially against erosion, reduced organic 
content, contamination, and desertification process. 

Forest harvesting instigates mechanical erosion of the soil which is a natural phenomenon of 
separation and displacement of soil particles caused by water or wind, accompanied by all 
specified negative side effects.  

Beside its downsides, the removal of forest residues has its advantages as well. It keeps from 
potential harm occurring when forest residues, due to precipitation, release some chemical 
substances (mostly nitrogen and metals), which causes soil acidity by increasing its pH value. 
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The increased pH values of the forest soil causes the destruction of forest sprouts (shoots) and 
other forest flora, which directly affects the renewal of forests and planned annual increment.  

Another positive effect is that using wood for energetic purposes instead of fossil fuels reduces 
the emission of greenhouse gases. However, if combustion in furnaces is not adequate, gaseous 
products of combustion can have a high content of methane (CH4), carbon monoxide (CO), 
nitrogen oxides (NOx), and other pollutants. The greenhouse effect potential of methane is 21 
times bigger than that of CO2.  

A positive aspect of forest harvesting also comes from the fact that there is no sulphur in biomass 
(or it is present only in trace quantities), and its use for energetic purposes reduces the 
occurrence of acid rains causing leaves and needles to fall off the trees and leading to drying of 
trees and forest decline.  

8. Analysis of the local spatial development plan from the aspect of compliance 
and possibilities of application 

The last several years have seen rapid development of Zlatibor as a tourist region, and although 
there has been constant growth and expansion of tourism and traditional agricultural production, 
other economic sectors are either developing more slowly or stagnating. A large number of 
natural resources is not valorized and exploited. Trends like this require constant encouragement 
of change to support the development of the region. In order to use development of the 
Municipality of Čajetina for reaching the final goal which is to raise the standard of living and 
the environmental regulation for its citizens, it is necessary that all changes be performed on a 
planned basis and in coordination with the valid legal regulations of the Republic of Serbia. 

Intensive development of the part of the Municipality which is of interest for investors in tourism 
growth is accompanied by numerous vague and incomplete spots in different legislative acts 
(Law on Local Self-government, Law on Planning and Construction, etc.). Accordingly, some of 
the major problems arise due to the regulations on legal and property relations, which hinder the 
development and complicate self-government activities in the area of planning and spatial 
planning. Problems in some areas are caused by inadequate division of republic and local 
jurisdictions, which slow down the implementation of administrative procedures. Possibilities of 
interventions of local self-government in the area of local economic development are also 
restricted. 

New political, economic and social situation in Serbia, and its orientation towards Europe and its 
criteria, have created the necessity for the compliance with the legislation with regard to space, 
its use, protection and development. Law on Local Self-government increased the local 
jurisdiction in the areas of decision making, management, finances, administration, etc. Those 
tendencies have also been followed by the Law on Planning and Construction, which has 
introduced spatial plan of the municipality once again as the basic local strategic plan document, 
thus obliging municipalities to arrange their space in a planned way.    

Spatial plan of the municipality has two basic functions: providing a vision of future 
development of the municipality through principles and aims of development, and a regulatory 
function, setting the rules for the use, arrangement, and protection of the area of the municipality. 
In that way a quality relationship is established between legislative and planning regulations on 
one side and management and decision-making pertaining to spatial development of the 
municipal territory on the other side. 
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Direct reason for the introduction of spatial plan is creating necessary conditions for realizing 
national, regional and local development interests. The first task of the spatial plan is to offer 
strategies for development and planned spatial solutions which will enable protection of values 
and valorization of the advantages of this area for balanced long-term economic development. 
Rendering of the spatial plan provides a planned foundation for: rational organization, 
construction, arranging and using space; environmental protection; improving the quality of life 
of the local population by the development of infrastructure and public utility services, as well as 
economy, and guidelines for institutional-organizational, administrative-controlling and IT 
support to the implementation. 

According to the information obtained from local institutions, the development of Čajetina 
Municipality is directed towards creating a pleasant environment for the life of its citizens and 
economic investments setting as priority activities:  

 environmental protection, 

 spatial and urban planning, 

 enhancing attraction for investors and  

 creating a modern tourist region with appealing facilities, 

 developing agriculture and forestry as well as expanding and modernizing industrial 
processing capacities, and  

 increasing the population. 

In order to create favourable conditions for the development of the municipality, it is necessary 
to perform adequate and clear spatial development of the municipality, according to the indended 
use of the surfaces and ownership (on the basis of spatial and urban planning documentation). In 
addition, it is necessary to create conditions for potential investors to implement their plans in a 
simple way and in reasonable time. New Law on Planning and Construction will significantly 
improve all these aspects.  

According to that Law, spatial plan of a local self-government unit is established for the territory 
of that unit and it determines guidelines for business development and use of the surfaces, as 
well as conditions for sustainable and balanced development on the territory of the local self-
government unit. Among other things, spatial plan will have to contain the following: 

 total size of the construction area; 

 planned use of the space; 

 settlement network and distribution of services and business activities; 

 spatial development of traffic and infrastructure systems; 

 parts of the territory covered by zoning plan or determined by urban project; 

 necessary project drafts for the arrangement of settlements; 

 planned protection, arrangement, use and development of natural and cultural resources 
and the environment; 

 rules of arrangement and rules of construction for parts of the territory not included in  
the zoning plan; 

 measures and instruments for conducting the plan, and  

 measures for balanced territory development of the local self-government unit. 
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As it has been announced, the practical application of the new Law on Planning and 
Construction, unlike its older versions, is expected to simplify and speed up the procedures for 
issuing building permits, and provide higher level of legal security in the area of planning and 
construction . The new Law on Planning and Construction is going to establish necessary legal 
and economic mechanisms and thus attract private investments which imply bigger and faster 
growth of the municipality.  

In order for the new Law on Planning and Construction to be effective, i.e. applicable, it is 
necessary to clearly define its relation to other laws, such as: Law on Public Property; Law on 
Privatization;  Law on State Survey and Cadastre; Law on Power Supply; Law on Environmental 
Protection; Law on Public Roads, Law on Railway; Law on Forests; Law on Fire Protection; 
Law on Expropriation; Law on Waters. Other laws define special conditions for spatial planning 
and construction of certain types of structures. 

Spatial planning of Čajetina Municipality fully complies with the Spatial Plan of the Republic of 
Serbia and Spatial Plan of Čajetina Municipality, and it is regulated according to provisions of 
the Law on Spatial Planning of the Republic of Serbia. 

9.  Analysis of the quantity and quality aspects of energetic needs 

According to the official records, the population of Čajetina Municipality comprises of 15,765 
inhabitants. The biggest settlement, and also the seat of the municipality is the town of Čajetina, 
with the population of 3,184 inhabitants in 938 households. In the town, the households mostly 
live in houses, and as for now, there are only a few multi-storey buildings. Due to the scattered 
character of the buildings and terrain configuration, any hot water central heating system that 
would cover the whole settlement would be too costly and, as such, absolutely unprofitable for 
realization. For that reason the idea of heating the residential part of the settlement, comprising 
of family residences, has been abandoned. However, the situation is much more favourable with 
regard to the buildings of public services. 

The town of Čajetina is at the same time the administrative centre of the municipality, both on 
the local and the republic level. For that reason there is such a high concentration in a relatively 
small space of one-storey and two-storey public buildings (in a range of less than 1 km). 
Important public buildings which should be connected to electric and thermal power supply from 
a thermal power plant are listed in Table 29. In addition to the use of the building, the table 
provides facts on the year of construction and any significant reconstruction therof. Those years 
are specified in order to provide an illustrative pre-notion of their energetic efficiency. There are 
information provided for 11 buildings (out of the total of 67) which are under the jurisdiction of 
local self-government. 

The overview of electric and thermal power consumption, of the costs of their purchase, and 
other relevant characteristics of the the specified 11 buildings which are under the jurisdiction of 
local self-government is shown in Tables 30, 31 and 32.  
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Table 29:  Name, purpose, year of construction and reconstruction of important public buildings 
which should be connected to a cogeneration plant system 

 

No. Public building Category Subcategory 
Year of 

construction 

Year of 
significant 

reconstruction

1. 
Nursery School "Radost", 
Čajetina 

Eductional 
institution 

Nursery school 1982 2011 

2. 
Primary School "Dimitrije 
Tucović", Čajetina 

Eductional 
institution 

Primary school 1946 1971 

3. 
Secondary School of Catering 
and Tourism, Čajetina 

Eductional 
institution 

Secondary school - 1978 

4. Library "Ljubiša R. Đenić” 
Eductional 
institution 

Other 1910 2000 

5. Healthcare Centre, Čajetina 
Medical 
institution 

Healthcare centre - - 

6. Cultural Centre, Čajetina 
Cultural 
institution 

Cultural institution 1992 2004 

7. 
Public Enterprise "Cultural and 
Sports Centre of Čajetina"  

Sports facility Other 1910 1976 

8. Sports Hall Sports facility Sports hall  1985 2008 

9. Town Hall 
Administrative 
building 

Administration 
building 
(town/municipal/ 
state) 

1965 2011 

10. 

Administration building of the 
Public Utility Company 
"Vodovod Zlatibor" (water 
supply) and Public Utility 
Company "Zlatibor"  

Other Other 2004 2008 

11. PPV "Zlatibor" Headquarters Other Other 1980 - 
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Table 30:  Technical characteristics of the selected public buildings and electric energy consumption 
 

Red. br. Javna zgrada 
Total area of 
the building 

Heated 
area of the 
building 

Total 
volume of 

the building

Heated 
volume of 

the 
building 

Electric 
energy 

consumpti
on per year 

Number of 
boilers 

Power of the 
installed 

boiler 

Year of 
boiler 

purchase 

  (m2) (m2) (m3) (m3) (kWh) (kom) (kW) - 

1. Nursery School "Radost", Čajetina 1.600 1.600 4.800 4.800 5.380 1 540 2002 

2. Primary School "Dimitrije Tucović", Čajetina 2.140 2.140 6.420 6.420 57.408 1 340 - 

3. Secondary School of Catering and Tourism, Čajetina 1.130 1.130 3.164 3.164  1 400 2010 

4. Healthcare Centre, Čajetina 2.120 1.980 5.724 5.346  1 450 2014 

5. 
Cultural Centre  650 650 1.950 1.950 

3
33.378 

- - - 

6. Public Enterprise "Cultural and Sports Centre of 
Čajetina"  

91 91 273 273 2.430 1 150 - 

7. Sports Hall 1.145 1.145 11.829 11.829 975 1 200 - 

8. Town Hall 1.230 1.230 3.690 3.690 118.265 
1 980 2005 

9. Library "Ljubiša R. Đenić" 650 650 1.820 1.820 24 457 

10. 

Administration building of the Public Utility 
Company "Vodovod Zlatibor" (water supply) and 
Public Utility Company "Zlatibor" 

1.224 405 3.500 1.200 83.880 1 75 2009 

11. PPV "Zlatibor" Headquarters 350 150 1.050 450 797.800 - - - 

 Total 12.330 11.171 44.220 40.942 1.066.138 8 3.135 - 
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Table 31:  Energy consumption and funds spent on its purchase 
 

Red. br. Javna zgrada 
Ostali 

energenti 

Jedinica 
ostalih 

energenata

Godišnja 
potrošnja ostalih 

energenata 

Godišnja 
potrošnja 

ostalih 
energenata 

Godišnji 
troškovi za 
električnu 
energiju 

Godišnji 
troškovi za 

ostale 
energente 

Ukupni 
godišnji 

troškovi za 
energente 

     (kWh) (RSD) (RSD) (RSD) 
1. Nursery School "Radost", Čajetina Lož ulje m3 20 227.800 231.023 2.480.000 2.711.023 

2. 
Primary School "Dimitrije Tucović", Čajetina 

Secondary School of Catering and Tourism, Čajetina 

Mrki ugalj m3
52 260.000 

466.799 
468.000 

1.126.799 
Drvo m3

64 107.520 192.000 

3. 
Healthcare Centre, Čajetina 

Cultural Centre  

Mrki ugalj t 35 - 
- 

315.000 
- 

Drvo m3 20 - 60.000 

4. 
Public Enterprise "Cultural and Sports Centre of 
Čajetina"  

Lož ulje m3 34 - - 4.216.000 - 

5. Sports Hall Lož ulje m3 10 113.900 405.280 1.240.000 1.645.280 

6. Town Hall / / - - 327.417  327.417 

7. 

Library "Ljubiša R. Đenić" 

Administration building of the Public Utility 
Company "Vodovod Zlatibor" (water supply) and 
Public Utility Company "Zlatibor" 

Mrki ugalj t 40 200.000 

413.057 

440.800 

1.056.857 
Drvo m3 50 84.000 203.000 

8. PPV "Zlatibor" Headquarters Lož ulje m3
40 455.600 1.581.818 4.960.000 6.541.818 

9. Total / / - - 188 443 - 188.443 

10. 
Upravna zgrada JKP "Vodovod Zlatibor" i 
KJP "Zlatibor 

Drveni otpad t 25 112.500 411.824 400.000 811.824 

11. PPV "Zlatibor" Komandna zgrada / / - - 5.291.561 - 5.291.561 

 Ukupno - - - 1.561.320 9.128.779 14.974.800 19.701.022 
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Table 32:  Types of energy used, unit price, and emission from thermal power plants 
 

Red. br. Javna zgrada 
Ostali 

energenti 

Jedinica 
ostalih 

energenata

Jedinična 
cena 

električne 
energije 

Jedinična 
cena ostalih 
energenata 

Emisija 
CO2 usled 
potrošnje 
električne 
energije 

Emisija 
CO2 usled 
potrošnje 

ostalih 
energenata

Ukupna 
emisija 

CO2 

Godišnja 
potrošnja 

vode 

Godišnji 
troškovi za 

vodu 

 (RSD/kWh) (RSD/kWh) (kg) (kg) (kg) (m3) (RSD) 

1. Nursery School "Radost", Čajetina Lož ulje m3  10,9 4.304 56.950 61.254 30.000 228.000 

2. Primary School "Dimitrije Tucović", Čajetina Lož ulje m3 8,2 10,9 15.925 42.713 58.637 1.491 60.684 

3. 
Secondary School of Catering and Tourism, 
Čajetina 

Healthcare Centre, Čajetina 

Mrki ugalj t 
8,1 

1,8 
- 

- 
- - - 

Drvo m3 1,8 - 

4. Cultural Centre  Lož ulje m3 13,4 - - - - - - 

5. 
Public Enterprise "Cultural and Sports Centre 
of Čajetina"  

Lož ulje m3 
13,4 

10,9  28.475 28.475 1.514 74.361 

6. Sports Hall / / - - 1.944  1.944 6.700 440.079 

7. 
Town Hall 

Library "Ljubiša R. Đenić" 

Mrki ugalj t 
8,1 

2,2 
780 

70.000 
184.680 556 - 

Drvo m3 2,4 25.200 

8. 

Administration building of the Public 
Utility Company "Vodovod Zlatibor" 
(water supply) and Public Utility 
Company "Zlatibor" 

Lož ulje m3 13,4 10,9 94.612 113.900 208.512 524 134.142 

9. PPV "Zlatibor" Headquarters / / 7,7 - 19.566 - 19.566 159 40.674 

10. Total Drveni otpad t 4,9 3,6 67.104 33.750 100.854 358 - 

11. PPV "Zlatibor" Komandna zgrada / / 6,6 - 638.240 - 638.240 - - 

 Ukupno - - 8,1 7,2 842.475 370.988 1.302.162 41.302 977.940 
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General information on consumption, distribution, and production of energy in the 
Municipality of Čajetina 

Electric energy represents the primary energetic resource in the Municipality of Čajetina. The 
overview of average consumption of electric energy according to the categories of consumers is 
given in Table 33. 

Table 33:  Average consumption of electric energy in the Municipality of Čajetina 

Consumer category 
Single-tariff 
consumers 

Two-tariff 
consumers 

Total 

 (kWh)x103 (kWh) x103 (kWh) x103 

Households 37.175,66 35.281,11 72.456,77 

Other consumption 3.205,21 4.075,02 7.280,23 

Total 40.380,87 39.356,13 79.737,00 
 

Significant amount of electricity is used for public lighting provided by 1,715 light bulbs on the 
territory of the municipality. In 2013, the total consumption of electric energy used for public 
lighting was 1,090,762 kWh, whereas the total costs of energy were 6.85 million RSD.  

Bearing in mind the fact that there is no centralized system of heating and that there are not any 
large consumers using natural gas as a heating fuel, due to the lack of reliable statistical data on 
fuel consumption, it is presumed that, in addition to electric energy, wood biomass and coal are 
primary energy sources for the majority of households. 

Firewood consumption varies over the year from 4,000 to 6,000 m3. The tendency is such that 
the consumption of firewood decreases, due primarily to the highly competitive price of electric 
energy, and the tendency of consumers towards comfort. 

Coal consumption in the Municipality is practically negligible. Coal is used only by certain 
households and some public institutions (schools and sports hall), which is why coal cannot be 
considered a significant source of energy in the municipality. The same applies to heating oil, 
which is used as a heating fuel only by some public institutions. 

Observing per capita consumption of electric energy according to the index MWh/year, it can be 
concluded that the energy consumption is much higher in comparison with the other 
municipalites of similar surface area and population. In order to reduce electric power system 
load, and direct energy consumption towards cheaper and ecologically more efficient energy 
sources, the municipality is planning on using gas pipeline network to a larger extent, as well as 
exploiting renewable energy sources.  

According to the programme of energy efficiency from renewable energy sources, the territory 
of the Municipality of Čajetina could profit from building small hydropower plants, placing wind 
turbines, exploitation of wood biomass and solar enegy. 

According to official cadastral records, there are 25 locations in the territory of the municipality 
suitable for construction of small hydropower plants up to a unit otput of 10 MW. There are also 
certain locations meant for placing wind turbines. Currently, examinations are being performed 
for additional drillings to take place next to the existing geothermal wells. Certain households in 
the municipality already possess solar connectors, but their exact number and available power 
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are currently unknown. This study report is made as an incentive to the exploitation of biomass 
as the most realistic and ever-present  resource. The aim is to build steam turbine cogeneration 
plant on the territory of the municipality, in which the energy would be produced by combustion 
of wood residues from forestry, wood processing industry and activities of public utility 
companies. 

10.  Analysis of the needs and capacities of infrastructure networks in the 
municipality 

With regard to its infrastructure, the Municipality of Čajetina could be said to belong to more 
developed municipalities in Serbia. This is not surprising since the favourable geographical 
position of the municipality (located on the arterial road leading to the Adriatic Sea) and the 
vicinity of the tourist resort of Zlatibor induce its constant development. Financial income from 
tourism and frequent contribution and incentives provided by the state enable the expansion of 
plans for infrastructural development.  

Road infrastructure 

Although the railway Belgrade-Bar runs through the municipality, and in the vicinity there is the 
airport Ponikve (military airport which is currently out of service), the most dominant type of 
transport in the municipality is road traffic. Road network in the municipality consists of 407 km 
of roads, 33 km of which are first class public roads, 70 km second class public roads, and 366 
km local roads. 

Road network in the territory of the Municipality of Čajetina is primarily characterized by the 
significant share of local roads of about 74.7%, which is above the average of both the Republic 
and Zlatibor District. Due to the existing (unfavourable) terrain conditions, local roads possess 
elements characteristic of mountain areas: insufficient width of carriageway, small radius of 
horizontal and vertical curves, big cross and longitudinal slope of carriageway and other, and the 
condition of road surface which is mostly unsatisfactory. 

Railway traffic 

Through the territory of the Municipality of Čajetina runs a single-track, 34.9 km long electrified 
railway Belgrade-Bar, open for both passenger and freight traffic. Despite the importance of this 
railway for the users from the territory of the Municipality of Čajetina, and its own favourable 
geographical position, the railway is mostly used for transit, and in current conditions it has a 
minor role in the transport market of the observed region. 

Water supply infrastructure 

In the territory of the municipality, water supply of population and industry is provided from 
public and country water supply systems and private wells. The scattered network of country 
water supply and single water intake structures, sanitary ill-defined, has significant oscillations 
in the quantity and quality of water. 

Basic spatial potential for the supply of drinking water is composed of numerous water courses 
and underground streams with clean and unpolluted water which, with the minimum processing, 
can be used for drinking. 

Wastewater disposal and collection 

Collection, disposal and treatment of waste waters in the territory of the Municipality of Čajetina 
is poorly solved. The network is based on the separation system. 
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Electric power supply infrastructure 

There are no sources of electric energy (hydropower plants and thermal power plants) in the 
territory of the Municipality of Čajetina. Electric power supply of the municipality is provided 
from the Electric Power Industry of Serbia (EPS), i.e. Public Enterprise Elektromreže Srbije 
(EMS). In the territory of the municipality there is a power transmission network of 110 kV and 
35 kV nominal voltage, and power distribution network of 10 kV and 0.4 kV voltage. 

Electric power supply is performed from Transformation Substation 110/35 kV "Sušica" 
(Čajetina), power: 1h31.5 MVA + 1h20 MVA, and Transformation Substation 110/35/10 kV 
"Zlatibor 2", power: 1h31,5 MVA (2h8MVA). Both substations are made as transit substations 
with one input and one output on 110 kV power transmission network. On the location of the TS 
110/35 kV "Sušica" there is also Substation 110/25 kV "Sušica" with installed power of 2x7.5 
MVA. Transformed electric energy is transmited from 35 kV substations to the following four 
distribution transformation substations: 

 TS 35/10 kV "Sirogojno" (installed power: 2h1.6=3.2 MVA),  

 TS 35/10kV "Braneško polje" (installed power: 2.5+1.6=4.1 MVA),  

 TS 35/10 kV "Čajetina" (installed power: 2x4=8 MVA),  

 TS 35/10 kV "Zlatibor 1" (installed power: 2x8=16 MVA) 

Medium voltage networks 10 kV and low-voltage network 0.4 kV are mostly overhead power 
lines, whereas underground power lines 10 kV and 0.4 kV are mostly present in urban areas 
(Čajetina i Zlatibor). There are different types of transformation substations 10/0.4 kV: pole 
mounted, pre-cast concrete, tower, industrial, urban, and their power varies from 50 kVA to 630 
kVA (due to small population density and rather small load, the most numerous are the smallest 
substations with power of 50 kVA, 100 kVA and 160 kV). The condition of the most part of the 
network 35 kV, 10 kV and 0.4 kV is quite good, whereas a certain part of the low-voltage 
network 0.4 kV, especially in remote country areas, is somewhat worse. 

The existing electric power supply infrastructure on the territory of the Municipality of Čajetina 
for the most part satisfies current needs of the consumers, but in the period to come it will surely 
need certain improvement. 

Low-voltage distribution network 400/231 V (total length: about 587 km) should provide full 
electrification of all settlements and household. It will be necessary to perform reconstructions 
and reinforcements of certain parts of that network whose condition is poor (especially country 
networks in remote and far-off areas). 

Natural gas infrastructure 

The current state of gas pipeline in the territory of the Municipality of Čajetina is the following: 

 gas distribution pipeline RG 08-19 was built on the section from Sevojno to Zlatibor, 
using steel pipes for working pressure up to 50 bar, 

 it is planned to build main metering and regulating stations "Mačkat", "Čajetina" and 
"Zlatibor", of the total capacity of 14.000 m3/h. 

 the construction of distribution gas pipeline on working pressure up to 4 bar has been 
partially realized in the settlements of Zlatibor, Čajetina, Mačkat, and for the needs of 
the recreational centre Tornik. 
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 Hot water infrastructure  

There is no hot water infrastructure for residential heating in the Municipality of Čajetina. This is 
due primarily to the former determination of the municipality to use autonomous systems for 
heating public institutions or multi-storey buildings, which often use either heating oil or some 
solid fuels (coal or firewood). In addition, due to cheap electricity and in order to avoid costly 
construction of hot water installation, plenty of entities use electric power for heating. 

In previous chapters it has been shown that there are preconditions for the successful 
construction of hot water heating system for public institutions and multi-storey buildings in the 
town of Čajetina, and with the construction of cogeneration thermal power system, it will surely 
be done. 

11.  Conclusions 

The municipality of Čajetina possesses substantial biomass resources that can be used in power 
plants for the generation of energy. 

Biomass from agricultural production with the most realistic prospects to be used in a thermal 
power plant is the one made in the processes of pruning and clearing orchards. About 360 t or 
600 m3 of biomass from this sector can be used per year for energetic valorization in thermal 
power plants. There are no other resources from agriculture and food industry that could be used 
for this purpose. 

Taking into account all limiting factors, it is estimated that the amount of forest wood waste in 
the municipality of Čajetina which can be used as biofuel is currently around 6,770 m³. 3,500 m3 
of that quantity are residues from wood processing industry, while the remaining biomass 
consists of collected forest wood waste. 

Despite the much larger biomass potential resulting from the activities of public utility 
companies related to collection of pruned woody plants in public areas, maintenance of roads, 
collection from private individuals and other resources, the amount of biomass available for 
energy valorization of the thermal power plant on an annual basis would be around 600 tons or 
approximately 1,000 m3 of biomass. 

In relation the available biomass, a thermal power cogeneration system could be built in the town 
of Čajetina to provide for the generation of electric and heat energy for public buildings. The 
plant would have the total thermal power of 2.1 MW, whereas the ratio of generated heat and 
electric energy would be 2:1. The expected consumption of biomass in full operation of the plant 
would be around 550 kg per hour, i.e. 13.2 t per day, meaning that for the plant operation during 
330 days in a year, it would be necessary to provide the minimum of 4,500 t of biomass. 

According to the stated balances, there is enough biomass in the municipality of Čajetina for the 
operation of a thermal power plant.  
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