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ABSTRACT
In the paper, the authors present actual situation in preparation of bio fuels from bio-
mass in conditions of Slovakia and also some examples of utilization of produced bio 
fuel. There is short description of bio fuel produced from agricultural waste, from wood 
and from sewage treatment plant. These 3 ways are most common in our conditions.

1. Introduction
	 Energy, which we use today (heat, electricity, fuel for motor vehicles), has its origin 
mostly in the fossil fuels and resources of these fuels are limited. These fuels are lying 
under Earth’s surface, where they were accrued from the primeval plants and animal 
decomposition over last stillion years. Although the fossil fuels are still generating in 
affect of the natural power (heat and pressure), their current usage multi exceed their 
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production which means that we are running out 
of fossil fuels. That’s the reason why fossil fuels are 
considered as not renewable [1]. Because our us-
age of energy is growing, we have to find another 
energy sources which could produce heat, elec-
tricity or whatever without using fossil fuels. One 
way could be bio fuels production from utilization 
of waste which is everywhere.

 
Fig. 1: Fuel types used as an alternative energy sources in Slovakia.

2. Situation of utilization of wastes in Slovakia
	 In Figure 1 we can see map of Slovakia and places 
where waste is commonly utilized for production 
of bio fuels and lately used for example in co-gen-
eration units. We can also see that main alternative 
energy source is wood. It is because our country is 
from 42% covered by forest. But large places cov-
ered by forest are protected by law so we are not 
allowed to do anything with this wood [2].

	 Another extensive energy sources for produc-
ing bio fuels are sewage treatment plants. Biogas 
which is produced by these plants is mainly used in 
co-generation units for producing electricity which 
is lately delivered to electrical power network. Elec-
trical industry must buy all produced electricity for 
prices which are valid. These prices are valid just for 
one year and every year we have new prices. This 
brings doubts and unsafeness to potential inves-
tors who want to start business in this area or who 
already do business in alternative energy sources. 
	 Very small amount of agricultural waste is used 
in present for producing bio fuels even if we were 
very good in agriculture at the end of 80’s. But 
because many collective farms were closed, dam-
aged and not used for years from there “golden 
years”, usage of this energy source is limited even if 
potential is/was great.

3. Biogas production
	 In conditions of Slovakia is biogas produced from 
2 main sources: 
agricultural waste,,
sewage treatment plant.
	 Simple diagram of producing biogas is in Figure 
3 and Figure 4 short description of way for biogas 
production is as follows:
	 Agricultural waste which could be straw, excre-
ments, silage is given to fermenter where is pro-
cessed by microorganisms for several days. There 
must be correct temperature for best utilization of 
microorganisms and waste. Product of fermenta-
tion is biogas, dry matter and liquid manure. Dry 
matter and liquid manure can be used as ecologi-
cal fertilizer because is without odor and patho-
gens. Produced biogas is used in co-generation 
unit for producing electricity, heat or cold or steam. 
Another possibility how to produce biogas is sew-
age treatment plant. Technology is slightly differ-
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ent but products are the same [2].
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Fig. 2: Potential and present use of different alternative energy 

sources. 

Fig. 3: View of the biogas plant.

 

Fig. 4: Simple diagram for biogas production [1].

ergy source. In Slovakia we have around 350 treat-
ment plants all over the country. Annual capacity 
of produced sewage gas is about 31mil. m3 what 
gives as potentially 60 GWh/year of electricity 
and about 386 TJ/year of heat. Another electricity 
and heat we could earn from pyrolysis of sewage 
sludge because sewage sludge cannot be used as 
a fertilizer any more. Problem of sewage sludge py-
rolysis could be high amount of heavy metals but 
this is only in plants which are near heavy industry. 
	 Biodegradation of organic matter under anaero-
bic conditions is a process known as anaerobic fer-
mentation or even methane fermentation. Metab-
olism of methane’s bacteria, which occurs when 
bacteria break down organic matter. Process has 
four basic phases: 
1. hydrolysis - hydrolysis microorganisms break down 
organic macromolecular substances into smaller 
molecules, where further reaction occurs, 
2. acidogen phase - hydrolysis products are digested 
into simpler substances (acids, alcohols, CO2, H2), 
3. aceton phase - formation of acetic acid, CO2 and H2,

Agriculture biomass Usable potencial (t/year) Energetic value (TJ/year)

Grain straw 272 700 3 861,00

Colza and sunflower straw 161 300 2 223,30

Waste from fruit- tree gardens and from vineyards 50 400 528,60

Biooil-fuel 5 500 214,50

Table 1: Potential of agricultural biomass as an energy source 

Table 2: Potential of agricultural waste as an energy source. 

Animal excrements 
(unit)

Dry matter of 
excrements  
(kg/day)

Total amount 
excrements  
(kg/day)

Capacity of biogas 
(m3/year)

Electricity  
(kW/year/1unit)

Total amount of 
farm animal  
(ths.)

Livestock 13,75 140 1497 6110 665

Swine 3,6 54 420 895 1562

Poultry 0,076 0,267 6 53,8 10 705

	 Potential of agricultural biomass and waste is 
shown in Table 1 and Table 2.
	 Biogas from sewage treatment plant has great 
potential not only in Slovakia but also in other 
countries which do not use these plants as an en-
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4. methanogenic phase - the formation of methane 
from organic acids, a mixture of CO2 and H2.
Hydrolysis 

C H O nH O nC H On6 12 6 2 6 12 6+] g

(2)

(3)

(4)

(5)

(1)

Acidogen phase 

C H O C H O CO H2 26 12 6 4 8 2 2 2+ +

Acetogen phase 

C H O H O C H O H2 2 24 8 2 2 2 4 2 2+ +

Methanogenic phase 

CO H CH H O4 22 2 4 2+ +

Methanogenic phase

C H O CH CO2 4 2 4 2+

	 During the formation of methane may occur 
more complex reactions:

(6)

(7)

(11)

(10)

( )9

(8)

( )CH COOH CH CO 703 4 2
0
0" +

HCOOH CH CO H O4 3 24 2 2" + +

CH OH CH CO H O4 3 23 4 2 2" + +

Trimethylamine 

( )CH N H O CH CO NH4 6 9 3 43 3 2 4 2 3"+ + +

Dimethylamine 

( )CH HN H O CH CO NH2 2 3 23 2 2 4 2 3"+ + +

Monomethylamine

CH NH H O CH CO NH4 2 3 43 2 2 4 2 3"+ + +

	 Biogas yield from known starting raw materials in 
the selected biogas plant in Eastern Slovakia:
manure	 35 m3/t,
suds		  25 m3/t,
corn silage	 200 m3/t,
grass silage	 170 m3/t. 
	 The estimated amount of gas that is produced by 
decay of different materials is shown in the follow-
ing table.
	 Per year can be produced from raw materials 937 
597 m3 of biogas. 
	 From 1 m3 of biogas obtained: 
- 1,7 to 2,2 kWhe electricity 
- 2,2 to 4,0 kWht thermal energy
	 The average methane content in the produced 

Table 3: The total amount of biogas per year.

Raw material Amount of biogas VB (m3)

Manure 129 997,50

Suds 41 849,50

Corn silage 600 000

Grass silage 165 750

Total 937 597

Table 4: The total amount of energy.

Electrical We Thermal Wt

Energy min max min max

(kWh/year) 1593914,9 2062713,4 2062713,4 3750388

(kWh/day) 4427,5 5729,7 5729,7 10417,7

 Fig. 5: Gas engine for power generation. 

biogas in the biogas plant (to 1 MW) can be calcu-
lated from the equation:

( )12
. . . .C

m m m m
m k m k m k m k

POM

1 2 3 4

1 1 2 2 3 3 4 4=
+ + +

+ + +
]

] ] ] ]

g

g g g g

where: m1, m2, m3, m4 - quantities of the various 
ingredients (t), k1, k2, k3, k4 - percentages (%), by 
weight of methane in the biogas produced from 
different kinds of raw materials.
	 Methane content in the biogas:
corn silage	 k1= 53%, 
grass silage	 k2= 54%, 
suds		  k3= 60%, 
manure	 k4= 60%.
	 When sizing a biogas plant is paramount, what 
kind of substrate and how much will be processed.
	 Produced quantity and type of raw materials in 
the biogas plant per year:
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Table 5: Kinds of raw materials per year.

Raw material m (t) VRM (m3)

Manure 5200 6500

Suds 1196 1172

Corn silage 3000 4000

Grass silage 975 1300

Total 10371 12972

	 Energy produced from 1 m3 of biogas is for 100%  
methane 10 kWh. For 57,41% methane it will be:

. . . . , %C
3000 975 1196 5200

3000 53 975 54 1196 60 5200 60 57 41POM =
+ + +

+ + + =
]

] ] ] ]

g

g g g g
( )13

/
,

. ,W kWh m
100
57 41

10 5 74 3
1 = =

( 7)1

( 6)1

( 5)1

( 4)1

From 1 m3 of biogas can be produced 5,74 kWh.
	 The total amount of energy per year: 

. ( )W V W kWh1TAB B=

where: V
B
 – total amount of biogas (m3), W

1
 – en-

ergy generated from 1 m3 of biogas (kWh/m3).

937597 5,74 5381806,8W kWhTAB $= =

	 Tank size for digested substrate has to be de-
signed so that it can be digested substrate is stored 
on at least 5-7 months because farmland belong-
ing to vulnerable areas to the protection of water 
resources.
	 Amount of substrate digested for 1 month: 

( )
.   

V
V D

m
12

3
MVS

RM g
1 =

where: V
RM

 – raw material volume per year (m3), D
g
 

– amount of raw material´s degrability (-), usually 
Dg = 0.8, 12 – the number of months (-). 

( )
. ,

,V m
12

12972 0 8
864 8 3

MVS1 = = ( 8)1

	 Digested substrate should be stored for 6 
months. Then the total amount of stored substrate:

( ), . ,V m864 8 6 5188 8 3
MVS6 = = ( 9)1

	 Tank parameters: 
diameter	 d = 30 m, 
height		 h = 8 m.
	 The total volume of the tank:

( ). . . . ,V d h m
4 4

30 8 5654 8 3
T

2 2r r= = =

( 1)2

( 0)2

	 Fermenter volume is determined from the rela-
tionship: 

( ).V V m3
F DPS MCTx=

where: V
DPS

 - daily substrate production (m3/day), 
x

MCT
  - mean contact time (days), from 50 to 80 

days.
	 Daily production of substrate: 

( / )
.

 V V m day
12 30

3
DPS

RM=

( 4)2

( 3)2

( )22

where: 30 - average number of days in the month 
(days).

/
.

,V m day
12 30
12972 36 03 3

DPS = = ^ h

	 The mean contact time in the fermenter is from 
50 to 80 days. Corn silage contains chunks of corn, 
therefore, the minimum contact time fermenter 
shall be 60 days. 
	 Then the volume of the fermenter:

36,03.60 2161,8V m3
F = =

4. Conclusion
	 Bio fuels in Slovakia have great potential. Mainly 
in agricultural and communal area as it is shown 
in Figure 2. Agricultural area is specific because 
we have big areas where are nothing growing, we 
have places for more and more collective farms 
where in first place food could be produced and 
as a additional product can be production of elec-
tricity and heat maybe mainly for there own needs. 
But if they will cover their own need this means 
that they will not by natural gas or electricity or oil 
and this will help to our resources of fossil fuels.
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Fig. 6: Dispozition of biogas tanks in sewage treatment plant. 

	 There is also big potential in forest biomass but 
because we have large areas protected by law, 
there is no chance to utilize wood or waste from 
this part of our country. Communal area and sew-
age plant are very important because people pro-
duce more and more waste every year. From this 
waste we can also produce biogas which can be 
utilized in co-generation unit for producing elec-
tricity and heat which can be used in district heat-
ing. 
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