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Annotation: A bioenergetic installation with a solar heating system for individual use 

designed for the processing and disposal of agricultural waste of organic origin with the 

production of biogas and liquid high-quality organic fertilizers under conditions of 

anaerobic fermentation was developed and built. 

Its structural scheme and the principle of operation of individual parts of this installation 

are presented. Particular attention has been paid to the use of solar and accumulated solar 

energy for heating the substrate in the reactor. 

The article presents the results of studies on the release of biogas from cattle manure and 

manure at various temperatures of anaerobic digestion. The data presented are the basis 

for choosing the optimal fermentation temperature in a small-scale biogas plant, as applied 

to small individual farms. 

The robot shows the main parameters of the proposed biogas plant. In view of the 

application of this technology in a small biogas plant, it is most rational in terms of the 

ratio of the cost of heat to energy and output biogas. 
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storage matrix (TAM) 

 

1. Introduction 

Economies in developed and developing countries are developing at an accelerated pace for 

the practical use of alternative energy sources as the most important factor for sustainable 

development and increasing the competitiveness of economies in the context of a decrease in 

world hydrocarbon reserves. Biomass is one of the most common alternative energy sources. 

Technologies for processing biological raw materials have been widely used to solve the 

problem of environmentally safe disposal of organic waste, reduce environmental pollution, 

as well as produce alternative biogas energy and valuable bio-fertilizers. 

The leaders in this production are Denmark, Germany, USA, China, India and other 

countries. In the total energy balance of Denmark, biogas occupies 18%, Germany-8%, 

however, the latter leads in the number of medium and large biogas plants 10,000. By 2020, 

biogas production in the EU is projected to be equivalent to 29,43 million toe, which is 

equivalent to 36,29 billion m3 of natural gas [1,2,3,4,5]. 
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Uzbekistan has gained considerable experience in conducting scientific and experimental 

research in the field of using alternative energy sources, primarily solar and biogas energy, 

according to which development has been carried out for many decades. According to the 

innovation development strategy of the Republic of Uzbekistan, by 2025 an increase in the 

share of electricity production using renewable and alternative energy sources by more than 

25% and one of the main directions in the implementation of yes value problem is the 

development of energy alternative and renewable resources. [2,5,6,7]. 

 

2. Research technique and analysis of the existing problem. 

To date, there are various methodologies for evaluating the operation of pilot and industrial 

biogas plants, a set of their principles, methods and processes, as well as means for their 

implementation. Many authors noted that various factors influence the biogas production 

process, such as the potential of the feedstock, the design of the biogas plant, the 

physicomechanical properties of the loaded organic waste, the loading frequency, internal 

and external mechanisms to maintain temperature and humidity, etc. But besides this, it is 

necessary to note the importance of the human factor in the correct operation of the process 

of biogas and organic fertilizer production. 

The proper operation of the biogas plant equipment, as well as the diagnosis of failures in its 

operation, depends on the knowledge of the microbiological sequence of the anaerobic 

process and the operator's experience. The basis of traditional methods of equipment 

assessment and analysis is the presence of an unambiguous functional relationship between 

the analyzed features and the technical condition of the evaluated biogas plant, which limits 

their use only for technically simple assemblies and mechanisms. Currently, a large number 

of installations for the production of biogas from organic waste in various countries have 

been developed and are functioning. However, most scientifically-based biogas plants are 

designed for the processing of waste from large livestock farms and require heating of 

fermentable biomass using electricity or heat from centralized networks, which hinders the 

efficient disposal of waste from individual and small farms dispersed in regions with a lack of 

centralized energy supply [8,9,10,11]. 

Ways of solving. The change in the structure of agricultural production in connection 

with the transition to market conditions led to an increase in the number of private dekhkans 

and farms. When solving energy supply issues, individual and farm households in remote 

areas of Uzbekistan that do not have centralized electricity and gas supply are in need of 

imported fuel materials [12,13,14,15]. 

Therefore, the development of small bioenergy plants (BECs) with heating of fermentable 

biomass due to local renewable energy sources is an urgent problem, the solution of which 

contributes to the direction of efficient waste management with environmental safety in the 

agricultural production of hard-to-reach regions. 

All this dictates that for the large-scale use of biogas plants in private and individual farms, 

first of all, taking into account their regional and local conditions, the need to develop small 

energy-saving, economical, environmentally friendly, and high-performance BECs 

[16,17,18,19]. 

In this regard, an experimental bioenergy plant of a commercial nature with a solar heating 

system designed for individual use (Fig. 1), consisting of a bioreactor (1), a solar collector 

(2), a heat accumulator (3), and a gas scrubber, was built in the Bukh.ITI heliopolygon. 4) 

and gas storage capacity (gas tank) (5). 

In the manufacture of these parts, we proceeded from the requirements of energy saving and 

ecology of their expected effectiveness. 
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 Figure  2. The results of experimental studies on the 

output of biogas with various substrates: 1 - chicken 

droppings, 2 - cattle manure (cattle) in the period May 

2018. 

 
Figure 1. Schematic diagram of an experimental production biogas plant with a solar 

heating system. 

Solar collectors (SC) of various designs are traditionally made of metal materials. The SK 

offered by us is made of alternative non-metallic materials. A solar collector made in the 

form of a “hot box”, inside of which there is a heat receiver-collector made of a black plastic 

pipe — a collector with inlet and outlet pipes. 

The heat-accumulating part is a “SANDWICH” with a thickness of 100 mm cylindrical tank 

(3), inside which are placed two heat exchangers - one (6) for heating TAM, the other (7) 

provides heat to the bioreactor. Both heat exchangers are made of plastic pipes in the form of 

a coil. The tank is filled with TAM, 

for which we used six-hydrated 

calcium chloride (CaCl2.6 H2O) with 

a melting point almost equal to the 

optimum temperature of the 

mesophilic regime of the fermented 

substrate (36–39 0C). The heat of 

fusion and the density of crystalline 

hydrate are respectively equal to: 

174.4 kJ / kg and 1634 kg/m3. 

One of the main elements of the BEU 

is a bioreactor, which is a hermetic 

cylindrical container with a diameter 

of 1.5 m and a height of 2 m (V = 3,5 

cubic meters). 

In the upper and lower side parts, loading 

(12) and unloading (11) hatches are 

provided. Inside the reactor in the middle is placed (installed) a mechanism (13) for mixing 

the fermented substrate. The biomass is heated by hot water supplied to the heat exchanger 14 

located on the inner surface of the reactor. Further, the reactor is thermally insulated from the 

environment with mineral wool, the thickness of which is 10 cm. In order to obtain the 

temperature necessary for the fermentation process and, if possible, to maintain it constant, it 

is necessary, first of all, to heat the substrate supplied to the reactor to the desired 

temperature; also constant by supplying heat to compensate for heat loss. 

The fermented substrate is heated to the temperature of the mesophilic regime (t=35-380 0C) 

and this temperature is maintained in the bioenergy installation we developed using a solar 
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collector. Heat generation is carried out as follows: in the afternoon, the sun's rays passing 

through a transparent fence heat the water collector. Heated water from the collector enters 

the heat storage tank and passes through the heat exchanger (6) and, giving up its significant 

potential to TAM, enters the collector again. It happens during the day in clear sunny 

weather. And in the heat storage part, since we chose CaCl2 as the TAM. 6Н2О, thermal 

processes occur differently. With the arrival of heat from the solar collector, the crystalline 

hydrate begins to heat up, its temperature rises until it reaches the melting value, i.e. 36-39 
0C. Further, excess heat is accumulated due to the phase transformation of crystalline hydrate. 

Thus, in the heat accumulator we offer, the temperature is kept constant, i.e. equal to the 

optimal temperature of the mesophilic regime of the fermented substrate. At night, the 

installation works due to the heat accumulated during the day (heat of the phase transition of 

CaCl2. 6H2O crystallohydrate), which thus ensures round-the-clock operation and increases 

the efficiency of the bioenergy installation. 

The bioreactor and, therefore, the fermentable substrate are heated through a sealed water 

heating system containing a heat exchanger (7), a water pump (8) and heat exchangers (14) in 

the form of spiral wound from the outside of the reactor through which the coolant (water) 

circulates. 

Our experiments have shown that the proposed biogas plant, the volume of which is 3,5 m3, 

is able to process 90 kg of manure per day in the mesophilic mode and produce about 20 m3 

of biogas and a little less than 90 kg of liquid organic biofertilizers. The latter contain a 

number of organic substances that contribute to an increase in soil permeability and 

hygroscopicity, while at the same time preventing erosion and improving general soil 

conditions. Organic matter is also the basis for the development of microorganisms that 

convert nutrients into a form that can easily be absorbed by plants.  

The results of parallel practical studies on the cultivation of tomatoes in helioteplice 

showed that, tomato productivity with the use of biofertilizers increased by 40-50%. 

To study the temperature and thermal conditions, as well as the performance of the unit 

relative to the biogas produced, we conducted a series of experiments with various substrates 

in various meteorological conditions. The results of such experiments are shown in Fig. 2. 

The experiments showed that under the mesophilic mode of operation of the bioreactor, gas 

productivity practically did not decrease when the temperature deviated by 1 - 20 C from the 

optimum and the process of substrate fermentation lasted 25 ... 30 days. 

In the course of the study, it was found that the intensity of the process largely depends on 

temperature and humidity in the bioreactor [20,21]. t was shown that under the mesophilic 

regime (36-38 0С), the process of methane fermentation proceeds more intensively, as 

evidenced by the greater biogas yield and increased methane content in it.  

The conducted studies allow us to develop a technology for processing chicken manure (as 

well as other organic waste), which is the most promising from the point of view of 

environmental protection and ecology of non-renewable natural energy sources [22-35]. 
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Figure-3. General view of a pilot production biogas plant 

 

The application of this technology will allow the most complete use of energy and raw 

materials potentials contained in organic waste. In addition, these plants can process one 

structural organic waste such as cattle, chicken, pig and others separately.  

Long-term field tests of the proposed design of the biogas plant were also carried out, 

as a result of which its autonomous performance in the climatic conditions of the Bukhara 

region was revealed. 
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