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1. ABSTRACT 
Trough this thesis will be  considered the most 

efficient usage of huge biomass and biogas potential in 
Croatia considering production of electrical energy and 
heat. Croatia has a great potential with over 44% of forest 
area and summ of yearly increase of 9,6 mil. m3, with 
highly developed wood industry and significant part od 
agriculture and livestock in economy, and that is a great 
basis for biomass and biogas production in Croatia. 
Biomass is defined like wooden waste that came up as a 
result of wood processing, while biogas is well known idea. 
There are few developed blueprints, all in some degree of 
execution, concerning usage of biomass and biogas. For 
example, future biogas powerplant on farmstead Slatine 
near Ivankovo and farmstead in Tomašanci, all owned by 
P.Z. Osatina (Figure 1.).  

 
Figure 1 - Projection of first biogas powerplant in Croatia 

near Đakovo 

First one is currently fully functional until end of 
December  2008., and the second one by the autmn 2009., 
so influence on a network grid will also be considered. 
Powerplant connects to a grid on a 10kV level. 

 Biogas producing in not yet fully developed like it 
could be in this area. That came as a result of bad economic 
terms and the hard fact that the biogas production is fully 
cost effective for large farms with many livestock. Those 
are factors that make merging of few farms necessary 
becouse majority of farms are household types and are too 
small for greater facilities. Congruously, layouts are 
provided for few facillities that use wooden waste as fuel 

for making electrical energy and heat, most near Vinkovci: 
Strizivojna Hrast, Slavonija DI, Spačva Vinkovci and Tvin 
Virovitica. Theoreticaly, every wood processing industry 
that uses wood as raw material can make of use that 
enormous potential of wooden waste as propellant in 
producing energy. Good example for that are few wood 
processing industries in Croatia which penetrate a pathway 
for all others potential producers of useful electrical energy 
in region. 

2. BIOMASS 

Potential of Slavonia and Baranja and course of 
action considering usage of biomass 
In Slavonia and  Baranja there is enormous potential for 
exploitation of energy from biomass, which is shown in 
Figure 2.  

 
Figure 2 – Potential for exploitation 

This huge potential is estimated at 1.3 TJ/km2 
which should not be negligible. Conversion whether Joule 
in kW/h to get around: 361,111.11 kW/h, or 361 MW/h of 
energy, if the theoretical advantage of all the potential for 
obtaining electricity. 

In the wood-processing industry great quantity of 
various wood waste is produced which is often partially 
used for basic energy needs of the plant. Part of wooden 
waste that can’t be used needs to be removed from the drive 
with additional cost and harmful impact on the environment. 
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Existing facilities that use biomass as fuel are often not 
equipt for the combined production of heat and electricity 
(kogeneraciju, engl. CHP; it. BHKW) even though it is 
within some plants that use long been known (Belisce Inc.). 
Sense of the use of biomass energy is broader than just 
economic gain because they realized many positive effects, 
such as disposal of waste, jobs, increasing the 
competitiveness of forestry and wood industry, as well as 
regional and local economic activity. Developed countries 
of the European Union and the world are aware of these 
positive aspects and significantly help projects using 
biomass energy.   

State incentives for raising the plants that use 
biomass is a common measure and tried to introduce this 
source of energy, and such incentives exist in almost all 
European countries. Effects of the use of biomass justify the 
investment, like case in Slovenia, in 2004. to encourage 
projects wood biomass Slovenia spent around 230 million 
SIT (over 1 million euro). Our neighbors calculated 1 Tolar 
subsidies for biomass provides 3.78 SIT gross national 
product, or reduce the outflow of overseas income for 0,228 
SIT.  

Biomass can be directly converted to energy with 
simple combustion, with the products overheated water 
vapor for heating in industry and households, or in 
cogeneration plants with a pair of slightly lower 
temperatures and electricity. Cogeneration in the wood 
processing industries is the most economical means of 
production of electricity. The major industries that cost 
effectiveness is significantly ephasized. The following is an 
overview of the energy potential by the size of plants given 
in Table 1. 
 

Table 1 – Energy potential by size of powerplant 

 

Characteristics of Biomass 
Combustion process consists of several stages, 

which warming and drying, distillation of perspired 
ingredients, combustion of perspired ingredients and 
combustion solid substances. Features that have wood 
biomass as a fuel are the same as for all fuels. Besides 
chemical composition, heat value, temperature of  self 
combustion and temperature of burning  an important factor 
of biomass is its humidity. The table 2 below shows the 
clear influence of humidity on the primary raw material 
efficiency of the process 

 
 
Table 2 - Humidity as a factor of biomass 

 
Lower heat value is the amount of heat created by 

a full combustion. Unit quantity of fuel with the smoke 
gases cooled down at temperature of 25 º C, and humidity in 
them remains in a state of steam and heat condensate 
remains which are unused. Such heat value is taken to 
describe the efficienc,y because it losses in calculation. 
  Due to a larger share of moisture and perspired 
ingredients (up to 80%) energy value of wood biomass is 
significantly lower in comparison to fossil fuels, from 5.9 to 
18.5 MJ / kg, compared with stone coal (24 - 37 MJ / kg ), 
dark coal (12.7 - 23.9 MJ / kg) and lignite (12.6 MJ / kg), 
and the design of the oven must be different from those 
used for the common fossil fuels. 
For our climate and types of trees is important for heat 
value to say what is type of wood, hard or soft, because the 
proportion of individual ingredients for each type is 
different, and different  is the composition of substances 
that can be used as fuel. Reduction of humidity inceases 
biomass heat value and this is the reason for useful dry 
biomass.  

At first glance, the biomass and fossil fuels are not 
different because it is always burning, which liberates CO2. 
However, if the biomass is produced sustainably, increasing 
forest culture will use CO2 from the atmosphere and store it 
in the plant structure. Burning then liberates carbon dioxide 

Type of facility  

Thermal (th) 
and 

Electricale) 
energy and 
foreseen 

work hours 
in year 

Quantity fo 
biomass needed 
for energy (dry 
tons per year) 

Reserve in 
% in 

surroundin
g area 

Small heat 
100 – 250 

kWth 
2000 ye

ar 

40 - 60 
1 - 3%; 
radius 1 

km 

Big heat 
250 – 1000 

kWth 
3000 h/ year 

100 – 1200 
5 – 10%  
radius 2 

km 

Small 
Cogeneration 

500kWe – 2 
MWe 

4000 h/ year 
1000 – 5000 

1 – 3%  
radius 5 

km 

Medium 
Cogeneration 

5 – 10 MWe 
5000 h/ year 30 000 – 60 000 

5 – 10%  
radius 10 

km 

Big 
Cogeneration 

20 – 30 MWe 
7000 h/ year 

90 000 – 150 
000 

2 – 5%  
radius 50 

km 

Type of  Humidity 
(% basis) 

Total 
mass of 
biomas
s (kg) 

Mass 
of 

water 
(kg) 

Heat 
needed 

for 
humidity 
removal 

(MJ) 

Heat 
needed 

for 
pyrolys

is 
(MJ) 

Low 
heat 
value 

(MJ/kg
) 

Fresh wood 60 2.5 1.5 3.73 1.39 5.9 
Dried for 1-
2 weeks 50 2.0 1.0 2.57 1.39 8.0 

Waste in 
sawmill 40 1.67 0.67 1.72 1.39 10.0 

Waste in 
forestry 30 1.43 0.43 1.10 1.39 12.2 

Dried by air 20 1.25 0.25 0.64 1.39 14.3 
Waste in 
industry 10 1.11 0.11 0.28 1.39 16.4 

Heated 
Biomass 0 1.0 0 0 1.39 18.5 
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in the atmosphere to be used again with a new generation of 
plants. Using biomass instead of fossil fuel carbon stored in 
fossil fuels remains in the soil, and carbon liberated into the 
atmosphere is used with each new generation of plants. This 
is why biomass is considered CO2 neutral fuel. It is 
interesting to note that 1 hectare of forest lands annually 
absorbs the same amount of CO2 that can be released 
combustion 88 000 liters of oil or 134 000 m3 of natural gas. 
[1] 
 

Activities of use of biomass in the Republic of 
Croatia and planned facilities  

The Government of Croatia recognized the 
importance and the many ways encourages the use of 
energy from biomass and other renewable sources. On those 
basis, the Law on Environmental Protection and the Law on 
Energy was established and operates the Fund for 
environmental protection and energy efficiency, which 
provides additional funds to finance projects, programs and 
similar activities in the field of biomass energy, and general 
preservation, sustainable use, protection and improvement 
of environment. Other incentives include ways to support 
different manufacturers, promote scientific and 
technological research, direct support programs and projects 
using biomass energy by donating state budget funds, the 
establishment and funding of international cooperation in 
this area and so on. 
Furthermore, the Republic of Croatia had acquired the 
status of candidate for membership in the European Union 
on 18.06.2004., which opens the possibility of using pre-
accession funds of the EU. Projects using energy from 
biomass can find their place in all the pre-programs 
(PHARE, ISPA and SAPARD), and initiatives such as 
Interreg, and a variety of scientific and technological 
programs (6. and 7th Framework, Tempus LIFE). Using 
these funds in addition to financial benefits, provides a 
closer relationship with the international community and 
implementation of more effective technologies. [2]  

In the Republic of Croatia in the plan are several 
plants that would use cogeneration fori wood biomass as a 
purpose of combined production of heat and electricity, and 
their review follows in Table 3. The first plant that is 
already constructing is  putting into operation during 2009. 
This would be  HRAST Strizivojna, plant, which has energy 
power only through diezel aggregates, and already a year 
later is planned to be opened a power generation plant in  
SLAVONIA WOOD INDUSTRY (Slavonija DI). 

Table 3 - Review of Croatian biomss powerplants 

Investitor: 
Boiler volume Power (Pel) 

HRAST Strizivojna 20 tons 3,5 MW 
SLAVONIJA DI 20 tons 3,5 MW 
SPAČVA Vinkovici 30 tons 4,5 MW 
BELIŠĆE inc. (d.d.). 63 tons 16 MW 

 

3. BIOGAS 

Technology of biogas 
Technology that is enabled to effectively manipulate with 
organic waste is known as anaerobic digestion. Anaerobic 
digestion is the fermentation of organic material without the 
presence of oxygen, which as a result gives biogas. During 
anaerobic digestion (fermentation) organic material is 
decomposed under the influence of methane bacteria and 
here comes the biogas, which is the mixture of methane 
CH4 (40-75%), carbon dioxide CO2 (25-60%) and small 
percentage of other gases such as hydrogen H2, hydrogen 
sulphide H2S, and carbon monoxide CO (2%). Such gas is 
lighter than air, odorless and without color. Ignition 
temperature is between 650 and 750 º C, and it burns with 
clear blue flame. Calorie value is around 20 MJ/Nm3.  

Composition, quality and share of certain chemical 
compounds depend on the manner of obtaining and origin 
of organic matter, so for different conditions can exist 
different values. The principle of obtaining biogas is shown 
in Figure 3 [3] 

 
Figure 3 - Principle of obtaining biogas 
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All organic materials as animal waste and 
vegetable, can be disintegrated with or without oxygen, and 
their decomposition products will be very different. If the 
disintegration of the organic material is happening with 
oxygen present, products are carbon dioxide, ammonia and 
some other gases. In addition, during aerobic digestion large 
amount of heat relieved, and the final product can be used 
as fertilizer. But, without oxygen digestion products are 
methane, carbon dioxide and hydrogen with some other 
gases, very little heat and the final product with a significant 
quantity of nitrogen. This fertilizer, in the end contains 
nitrogen in the form of minerals (ammonia), which is a 
useful fertilizer for plants because it is extremely easy to 
ennoble arable lands, and the plants take it easier than 
organic nitrogen. 
However, anaerobic digestion (fermentation) takes place 
only in specific conditions such as adequate acidity (pH) 
input mixture and the temperature in the tank for 
fermentation (fermenter). It is recommended that the acidity 
of substrates maintains about the value of 6 and 7, and the 
temperature of substrates in the tank between 25 and 37 º C. 

However, different materials are looking for 
different conditions and the time they take to implement a 
mixture. Terms used for the blends are obviously different, 
but always talking about the same, regardless whether the 
expressions of fume hood, fermenter, bioreactor, anaerobic 
reactor, or something else, there is a storage in which the 
mixture of organic matter and the subject of microbiological 
bacteria produce chemical reactions without the presence of 
oxygen. Fermenter example is given in Figure 4.  

Biogas produced is mostly used for obtaining heat 
and / or electricity in different ways, whether it's in bolier 
combustion engines or motors with internal combustion 
engines. Using cattle manure of 120 cows can produce 
enough biogas for the motor of power 50 kW, which is 
enough to cover demand for electricity of smaller villages. 

 
Figure 4 – Fermenter  

The amount of biogas and energy obtained from animal 
manure depends on the type of animals as shown Table 4 
 
 
 

Table 4 - Manure according to source 

Type of 
Type of 
waste 

Quantity 
(kg/dy) 

Dry matter 
(kg/dy) 

Biogas 
(m3/dy) 

Energy 
(kWh/yr) 

animal 

Cattle 
 

Liquid 51 5,4 1,6 3400 

Dry 32 5,6 1,6 3400 

Pigs Liquid 16,7 1,3 0,46 970 
Dry 9,9 2,9 0,46 970 

Chicken Dry 0,66 0,047 0,017 36 
 

Anaerobic digestion, if used properly, not only can 
contribute to the reduction of environmental pollution, but a 
variety of conversion can lead to the production of 
electricity and high-quality fertilizer. Secondary products 
incurred in livestock management are classified into three 
categories. Waste from Category 1, a high risk for human or 
animal health, should not be used as material for the 
production of biogas, nor in any other way be used after it 
has been primarily used. Materials from the Category 2 may 
be used in the production of biogas only after sterilized with 
steam at least 20 minutes at a temperature of 133 ºC and 
pressure not less than 3 bar. If it is a waste from the 
slaughterhouse, it is necessary to purify waste water to 
remove all the parts greater than 6mm. Such components, if 
it does not work on parts of the Category 1, can be freely 
used in the production of biogas. In category 3, there is 
wastes that need pasteurization before it can be used in the 
production of biogas. This certainly includes waste from the 
catering trade, restaurants, food facility and the like. In this 
category also includes organic waste from households. [7] 

Production of biogas in EU 
At the end of 2002. in Europe were almost 2000 

plants for the production of biogas of various sizes. 
Overview of biogas production by member states of the 
European Union is given in Table 5. The actual example for 
the organization and encouragement of production of 
electricity from biogas is Germany, where the Distributive 
Company must and shall connect to the network of facilities 
that produce electricity from biogas. All modifications, 
improvements and additional ports which are required need 
to be provided by electricity distributor, which also pays the 
purchased electricity.  

In addition, various incentive payments are payed 
for the application of various technologies such as dry 
fermentation or application of nonconventional engines. For 
smaller plants subsidies are higher because that is the way 
that  encourages small farms to participate equally in the 
struggle for the market. 

 
 
 
 
 

Table 5 - Production of biogas in EU 

Country 
2001 2002 2003 2004 2005 2006 

Germany 600 659 685 1291 1594 1923 
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UK 904 1076 1151 1473 1600 1696 

Italy 153 155 155 203 344 354 

Spain 134 168 257 275 317 334 

France 196 302 322 359 220 227 

Netherland 161 149 154 110 119 119 

Austria 56 59 64 42 31 118 

Ireland 28 28 28 19 34 35 

Sweden 112 147 147 120 30 33 

Portugal - 76 76 76 10 9 

Luxemburg 2 2 2 5 7 9 

Slovenia - - - 7 7 8 

Total 2572 3062 3291 4216 4707.7 5347 

 
Additional support get manufacturers of heat (CHP 

bonus) to supply the local community with some form of 
heat. Overview of subsidy depending on the size of the 
plant follows in Figure 5. 

 
Figure 5 – Subsidy review - Germany 

Potential of Republic of Croatia 
In Croatia, the situation is somewhat different with 

the goal of developing standards like in the European 
Union. For the production of electricity from renewable 
energy and cogeneration Croatia developed a special 
fostering Tariff system of government of the Republic of 
Croatia. In accordance with that, more potential 
manufacturers of biogas or electricity from biogas are there 
every day. The important item of that Tariff system is the 
point 3 of Article 4, in which conditions of the participation 
of domestic engineering and production of at least 60% in 
the total value of the project. Only in this case price reaches 
the full economic cost, while for the cases whit smaller 
share of domestic production, there are correction factors. 
Overview of the amount of incentive funds is given in Table 
6. 

Table 6 - Croatian Tariff System 
TIP POSTROJENJA kn/kWh 

1. Solar powerplants  
With installed power less or equal of 10 
kW 3,40 

With installed power greater than 10 kW 3,00 

and max. 30 kW  
With installed power greater than 30 kW 2,10 
2. Hydro Poowerplants 0,69 
3. Wind-turbine power plants 0,64 
4. Biomass powerplants  
Hard biomass from agriculture 1,20 
Hard biomass from wood production 0,95 
5. Geothermal powerplants 1,26 
6. Biogas powerplants from agricultural 
waste and cattle manure, or food industry 
waste 

1,20 

7. Powerplants on liquid biofuels 0,36 
8. Powerplants on municipial waste 0,36 
9. Other (tide...) 0,60 

Domestic technology p(%) Corection factor 
ko 

60 or more 1,00 

45 - 60 
7 0,72

1500
p× +  

45 and less 0,93 
 
In the Republic of Croatia, especially in Slavonia and 
Baranja, is greatly developed the primary sector of 
economic activity. That means that there is that the greatest 
interest of farms to produce biogas and get rid of organic 
waste.  
Potential of Slavonia and Baranja if by somehow would be 
used for the purpose of power generation is estimated at 
slightly more than 200 MW/h per day. 
 

The first powerplant for the production of biogas 
in the Republic of Croatia 
It was in Slavonia and Baranja the first project in the 
realization of the production of biogas and its exploitation 
in the production of electricity. Farm Slatine, owned by 
agricultural cooperatives in the municipality Osatina 
Ivankovo, is the first in Croatia to be connected with the 
network grid. 
PZ (agricultural cooperatives) Osatina is successfully 
operating since its establishment 01 January 1993. year. The 
headquarters are in Semeljci, near Djakovo. (Figure 6.) 

 
Figure 6 - PZ Osatina 

Milk production is the fundamental and most important 
component of the business, and the annual amount of milk 
produced is moving about 15 million liters, intended 
primarily for domestic market. Farm currently has 1500 
dairy cows, and the planned development of this figure 
would increase to 2500 dairy cows, 900 heifers and calves, 
1000 and thus to an annual milk production increased to 
over 41 million liters  



 C I R E D 20th International Conference on Electricity Distribution Prague, 8-11 June 2009 
 

Paper 0785 
 

 

CIRED2009 Session X Paper No  0785      

As PZ Osatina has one more farm similar size in Tomašanci 
it is evident that they have a large quantity of cattle manure.  
Plant at the site Ivankovo is the high tech of realization, 
with all high end technology systems. Investor for thisd 
plant is PZ Osatina, a company that is the bearer technology 
and cooperate with domestic businesses, industries and 
products, from which this first Croatian the biogas plant 
was product by high European criteria for highest quality.  
Technical and technological units that can be produced in 
the Republic of Croatia are at  the European and world 
level, quality consolidated in this way are exactly the 
feasibility study in accordance with the laws of the Republic 
of Croatia and the rates applicable in the Republic of 
Croatia, technical definitions of bio-process in accordance 
with the latest confirmed experience in the the world, 
project management, visualization and the whole process, 
the remote control system, tracking trends and propose 
solutions, mechanical design of the technological as well as 
part of preparations for biogas engine, transfer of waste 
heat, and its exploitation in the process, civil engineering 
projects, work and putting into operation by the system''turn 
key''to all interested investors [17]  

Advantages of domestic engineering are well 
known, and it is important to note that the projects prepared 
by the Croatian regulations and did not need them translate 
because the projects are authorized to designers in the 
Republic of Croatia with a long-term experience.  

For system management, security, visualization, 
and keeping the process and the plant, had been choosen 
company with years of experience in the areas of industrial 
process automation and more than 100 references from 
successful operations in the Republic of Croatia and 
neighboring countries, the Electrical Equipment Factory, 
Belisce Inc. Electrical Equipment Factory was founded in 
1984. , when began having its own production of electrical 
control systems. Factory electrical equipment is owned by 
the company Belisce Inc. and is part of the Group Belisce, 
employs 46 workers, of which 15 engineers who work on 
the design, manufacture, installation, maintenance and 
service of electro technical equipment. The main aspects of 
operations of the Electrical Equipment Factory, Belisce Inc. 
the design, construction and production of electrical control 
systems for the management and supervision of industrial 
processes and systems of renewable energy and the 
production of information and display. [18]  
It is clear that in this biogas plant will be the main substrate 
beef slurry from their own farms and corn silage.  

Maize (substrate) is an annual silira and stored in 
Silos. Liquid manure and corn silage will mix agitator in the 
pits where the transported in fermenters (digestors). 
Fermentation second product can be high-quality fertilizer 
(fermented substrate, less aggressive and less harmful to 
plants). Working with large amounts of waste and with the 
enormous potential for the production of biogas on the farm 
are installed three fermenters, each volume 3850 m3. For 
fermented dry substance in the building of three tanks each 
volume 5650 m3. The projection looks bioplinskog plant is 

located on the figure 7. 

 
Figure 7 - Projection of biogas powerplant 

Biogas derived from the production is stored in the 
appropriate space like fermenter, and through cogeneration 
is converted into electrical and thermal energy.  

Obtained electricity is delivered at the distribution 
network to voltage level of 10 kV, and the thermal energy is 
partly used for the process. The excess heat can be used for 
heating, drying room, refrigerators or other needs for the 
farm or related facilities.  

The process of biogas production in the plant at the 
site Ivankovo takes place in the following manner:  
Beef slurry is delivered to the existing gathering pits that 
are part of the current stable.  

In the pits, using the pump, slurry mixes with air, 
and large parts are fragmented to achieve homogeneity. 
This procedure is allowed because it is a clear cattle 
manure. When the slurry is well mixed it is transported in 
existing storage, where awaiting transport to fermenter. The 
amount that is transported in fermneter is always controlled 
by flow meters, so that's always known how much of 
manure is there, or how much energy will be obtained from 
fermentation. Also, that allows to see how many other 
additional substrates must be added. Transporting from 
storage in the fermneter is completely automated and does 
not require constant human supervision.  

When in fermenter, manure immediately begins the 
process of creating biogas. Biogas generated by anaerobic 
digestion collects in tight foliage which is not visible under 
the hard outer wrap. In fact, this film serves as a storage 
place for biogas.  
Between film and substrates, there is a network that is used 
for acquisition of acid sulfur compounds. Taking into 
account the amount of cattle manure yearly predictions are  
that the plant will annually produce more than 4 000 000 m3 
biogas. Selecting the proper gas engine total amount of 
biogas can be converted to 8 370 000 kWh/yr.  

Parallel to that, the same process that gives you a 
slightly larger amount of heat. Electricity produced from 
biogas will not in any way be used for the needs of the plant 
or farm.  

Freed heat is used for heating greenhouses planned 
surface 41 580 m2 in which are producing tomatoes. Solid, 
dry, matter that comes out of the plant after the process is  
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converted into humus, the planned production is around 
20 000 tons per year, which would significantly reduce the 
share of imports of this product. 

PZ Osatina is a partner of the Faculty of Electrical 
Engineering in Osijek with the goal of scientific 
collaboration at the national and international level and 
cooperation in science and technology projects to develop 
new technologies and improving existing ones. 
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