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Abstract 
Slovak University of technology in Bratislava builds the technological research and development center financed 
by the Structural Funds of the European Union focused on use of different energy sources. In terms of renewable 
energy is discussed use of biomass energy available through biogas technology with a dry fermentation process. 
This is a pilot project of experimental physical model, which will be attempting to verify and optimize the pre-
project phase parameters and technology already in commercial projects in scaled-down model. The paper 
deals with the design of this device.  
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INTRODUCTION 

 
In Institute of Electrical Power Engineering and Applied Electrical Engineering of Faculty of Electrical 

Engineering and Information technology at Slovak Technical University in Bratislava we build a laboratory aimed 
on use of energy of renewable energy sources. This laboratory is to serve the needs of research and education 
process, focusing on energy sources and transformation, unconventional resources and transformation and provides 
space for creative activity in the bachelor theses, diploma theses as well as team projects, in which ultimately the 
redeveloped. Different technologies are represented on functional physical models, which may be in the different 
real conditions observing and where it is possible to change various marginal operating conditions for a tests, what 
in the real commercial establishments operating in practice it is usually impossible. In the laboratory, different 
technologies are installed in various states of completion of the basic hardware, and it is possible to say that none 
state of all devices is probably not entirely definitive, but devices are constantly added and adapted to the needs of 
new experiments. Among other devices presenting representatives of various non-conventional technologies had 
been collected for research, development and learning process.  

This project aims on development of experimental dry fermentation technology and outputs of the project will 
be experimental pilot plant for testing of principles in practice application. It would be also physical model for 
investigate technical and economic aspects of this type of technology. This experimental technological platform 
will be used for experimental as well as for educational purposes. 

1 DRY MASS FERMENTATION PROCESS  
 
The current conventional biogas generation technology focused mainly on so-called wet fermentation with 

slurry and bio-waste. Biomass as a renewable energy source with high solids (eg, corn silage, grass catcher, etc.) or 
dry livestock manure could be added in this way only to a limited extent.  

The so-called dry fermentation allows metanization of loose biomass from agriculture and municipal bio-waste 
without having to change their consistency to the liquid state. Instead, the substrate in the fermentation chamber 
maintained in a moist condition by sprinkling a fermentation solution (percolate) circulating in a closed circuit. Dry 
fermentation allows fermentation of biomass with dry matter content of 50% versus 10% in the wet method.  

Dry fermentation process advantages:  
• use of hitherto unused energy substrates – particularly suitable for municipal bio waste  
• Compact dimensions, modular method of construction with expansion possibilities, as appropriate  
• low sensitivity to contaminants and harmful impurities (foil, timber, sand) – is not necessary to regulate the 

substrate fermentation (when appropriate and as the "fragmentation" of the smallest particles)  
• robust device with a minimum of moving parts – low maintenance demands and low wear  
• Low auxiliary power consumption compared to wet fermentation process (no need for pumps, mixers) – better 

cost efficiency of equipment  
• auto stability of fermentation process, i.e. low-sensitivity of device for operator error and the simple 

elimination of potential failures in process  
• high yield and quality of biogas – no need for desulfurization  
• retention of nutrients in fermented substrate, reducing its volume and the possibility of direct application to 

agricultural areas the minimum need for manpower and time of its deployment, minimum service requirement 
working techniques (just one wheel loader)  
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As sources for dry fermentation substrate can be used:  
Agricultural wastes and products:  
• dry livestock manure  
• poultry manure  
• green stuff directly from unused agricultural, lying areas  
• grass and corn silage  
• easily fermentable loose biomass in all forms – potato skins, hop cones, etc.  
• Communal sphere and industries:  
• municipal biowaste  
• waste from maintenance of urban green areas and roads  
• grass on golf courses  
• residues from fruit and vegetable warehouses, retail chains  
• solid waste from restaurants, sugar pulp, pressed rapeseed, etc.  
 
Dry fermentation method characteristic by a discontinuous manner fermentation substrate, which means that 

during fermentation in the fermenter does not add fresh substrate, nor was it taken, as necessary to quasi-continual 
wet method. There lies a strong virtue of dry fermentation – it allows the parallel process of various substrates in 
individual chambers (e.g. Chamber 1: fresh grass; 2: municipal bio waste; 3: dry manure ...).  

 
This technology uses the process of converting organic material in sealed containers using dry fermentation into 

highly valuable biogas. Gas is transformed into electricity and heat through cogeneration units. Schematic 
illustration of the system is apparent from the Fig. 1. 

 

 

Fig.1 Dry mass fermentation principle 

 
Construction of container equipment using dry fermentation will allow verification of the operation of 

technology, yield and availability of different substrates, as well as use of produced biogas for energy purposes. 
Operation of equipment on the premises STU will enable students and academics to check laboratory results, or 
results presented in the literature and application possibilities of the technology to a semi-industrial scale. Surplus 
heat and electricity from the energy plant (CHP) will be primarily used in the heating system and electrical system 
for the facility LVN – SUT in Bratislava.  

 
Place of realization marked in ortophotomap can be seen in Fig. 2. 

 

 

Fig.2 Place of realization of experimental biogas station  



3rd International Conference  May 15-17, 2012   Tatranské Matliare 
Renewable Energy Sources 2012 High Tatras, Slovak Republic 
 
 
2 PROTOTYPE DESCRIPTION  

 
Experimental prototype biogas plant consists of several devices. The biogas project itself is considered in the 

perspective of interface with the station evolving biogas, which can be burned in the torch, or transferred to an 
external appliance – the boiler or a cogeneration unit. The project encompasses also the heat source for pipes to the 
existing heat source. Extension to full biogas plant with electricity and heat production was possible in combination 
with cogeneration unit acquired from another project.  

 
Cogeneration unit KATJA 25 CEC procured within the activities of the National centre for research and 

application of renewable energy sources from Slovakian company ELTECO, is a typical representative of the 
source for decentralized combined heat and power. The device consists of an internal combustion engine equipped 
with two fuel gas channels – for natural gas and biogas. Additional gas path for natural gas is created for the 
purpose of research applications that run on biogas project in parallel with the national center. Energy fuel in 
internal combustion engine is converted to mechanical energy transmitted through a rigid shaft coupling 
synchronous generators with a rated power of 20 kWe and heat energy tax for the cooling water through a heat 
exchanger to the water heating system object. This is followed by heating the curd from the combustion engine in 
the flue gas heat exchanger to the projection system thermal gradient 90/70 ° C. Behind the flue gas heat exchanger 
follows a pair of silencers of exhaust noise and exhaust fumes are kept to the exterior. Eventual extra heat can be 
removed to the emergency cooler, which is rated for full output 44 kWt of the unit, so if necessary, CHP unit could 
serve as an alternative source of energy when power is lost from the network even if they produced heat cannot be 
rationally utilized. Control circuitry as well as conducting electrical power is implemented in a common switchbox. 
The unit is connected to the Internet and its operation can be monitored and managed through the integrated 
visualization interface. Existing cogeneration unit and hot water tanks can be seen in the Fig. 3. 
 

 

Fig. 3 Cogeneration unit prepared for biogas station – source of technological heat and biogas burner 

 
Station itself for the development of biogas is composed of several parts.Fermenter for a total volume of 60 

cubic meters is dividing into two chambers on the 30 m3 volume. Fermentation chambers have been insulated, 
fitted floor and wall hot-water heating. Fermentor is gas tight, with the inner surface of stainless steel. They are 
installed spray systems for vaccination charge percolate, which is back through the filtration of particulate matter 
recovered and stored in the tank. Both chambers have the option of independent control of temperature and dosage 
percolate. Percolate is jointly set by adding reagent pH by dosage pump.  

All functions of measuring and control system is controlled by means of graphical interface which print-screen 
is on next figure. 
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Fig.4 Control panel of biogas station  

 
Expected start-up process station is to first undertake the work cycle with manure, and create a percolate and 

then apply batch of green matter – corn silage. Biogas generated in the fermenters through safety valve actuators 
with compressed air (that is produced in a compact compressor station) is admitted into the inflatable container 
suspended biogas. From there, the turbo provides for the required pressure needed for the connected technology. 
Compressed biogas progresses through the desiccant (cold trap) to filter desulphurisation unit, while the route is the 
analyzer for the detection of methane and sulfur. Biogas further proceed with the incremental output of the gas 
meter for measuring the quantity of product delivered. Output of biogas purification unit is connected to the torch 
connected in parallel to the road biogas fuel cogeneration units. In the torch burns biogas unsuitable parameters for 
CHP in particular for start-up process. Torch but also serves as the unit for a possible overproduction or failure is 
used in CHP.  

Completed biogas plant can be seen in Fig. 4. 
 

 

Fig.4 Realized biogas station  
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3 CONCLUSION 

In the time of writing of this paper, the equipment is not in use, because we make some upgrades on technology 
between next uses in cycles. Changes results from experiences of test run cycles. First practical results bring 
improvement in not so good known technologies of dry fermentation and beter knowledge of biological process and 
its needs in cycles. Now we still use natural gas boiler to prepare of technological heat, and flame like biogas burner 
– because we cannot use cogeneration unit, because biogas bellow have low power to prepare optimal conditions of 
biogas. 
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