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Abstract The experience of use of technologies for biogas generation of heat and electric energy in the Russia’s 

energy-deficient agricultural region has been presented in the paper. Based on the resource base analysis, the 

possibilities of expanding the use of biogas power engineering technologies have been revealed. The object of 

the research was the Belgorod region, recognized as one of the most energy-deficient Russia’s regions. At the 

same time, the industry in the Belgorod region is developed. The research has shown that the Belgorod region 

has achieved significant success in the development and application of bioenergy technologies. The paper shows 

that in addition to generating heat and electricity, biogas energy solves one of the vital problems of the Belgorod 

region - the processing of agricultural waste. The infrastructure that has existed in the region contributes to 

structural improvement in energy generation towards bioenergy. Bioenergy is an actor in the creation of 

innovative products and scientific and technological achievements for various areas of the agricultural sector. 

This leads to the appearance of positive effects of the development of the Belgorod region’s agricultural 

environment. 

Keywords: thermal energy, electrical energy, alternative energy generation, biogas energy, methane 
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Introduction 

In the modern economy, energy is one of the main regional resources that ensure vital activity of 

the population and production development. One can distinguish traditional and alternative sources of 

thermal and electrical energy [1; 2]. The development of the alternative energy makes a significant 

impact on the condition of territorial communities, first of all, due to the increase in the environmental 

component of life quality [3; 4]. It is especially important for agricultural areas with energy shortages 

and resource specialization. In turn, high degree of locality and specificity of functioning of the 

agricultural complexes that have developed in Russia requires unfailing supply of heat and energy 

resources [5; 6].  

Biogas energy (or bioenergy) is a type of alternative energy which is based on biogas production 

that is mixture of fire gases, predominately methane. Biogas is formed as a result of an anaerobic 

microbiological process from organic substances [7; 8]. The decomposition of biomass is differently 

called methane fermentation [9]. 

The current stage of the green economy development involves some structural improvement 

towards bioenergy as a direct actor in the creation of innovative products and scientific and 

technological achievements for an agro industrial complex [10-12]. 

The purpose of the research is to study experience and reveal opportunities for expanding the use 

of biogas energy technologies in one of Russia’s energy-deficient agricultural regions - the Belgorod 

region. 

To achieve the goal it is necessary to solve the following problems: 

1. To assess the sufficiency of electricity to ensure the vital activity of the population and production 

needs of the Belgorod region. 

2. To reveal industrial, economic and environmental problems of using traditional sources of thermal 

and electric energy in the Belgorod region. 

3. To assess the resources of biogas energy in the Belgorod region. 

4. To study the experience and possibilities of bioenergy technologies using in the Belgorod region. 
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Materials and methods 

The object of the research was energy sources of the Belgorod region – the subject of the Russian 

Federation. The Belgorod region is located in the south-west of Russia, in the temperate zone. In this 

region long-term industrial production is combined with intensive agricultural activity. The guidelines 

of production are mining and processing of iron ore and agriculture. 

The Belgorod region is considered as one of the most energy-deficient regions in Russia. At the 

same time, industry in the Belgorod region is developed. The main consumer of electricity is the Oskol 

Electrometallurgical Plant and other industrial enterprises. The needs of agricultural enterprises, due to 

the characteristics of their technological processes, are less. However, on the one hand, agricultural 

production which at present is developed requires more and more electric energy; on the other hand, 

the activity of the regional agricultural complex leads to the accumulation of organic waste [13]. 

In order to reveal the possibility of expanding the use of biogas energy technologies, the 

systematic approach is used. Within the framework of this approach the Belgorod region is considered 

as a system, and energy generation as an integral segment of this system. In contrast to existing 

traditions stressing on the study of traditional sources of thermal and electric energy, the subject of the 

research is alternative biogas power engineering. 

The information and analytical base of the research is made up of the data published on the 

website of the Belgorod Region’s Government; the materials from the Belgorod Energy Retail 

Company, which distributes regional energy resources; the materials of AltEnergo LLC, which 

introduce alternative energy projects; information presented in periodicals and monographs of Russian 

and foreign authors and the results of the authors’ research as well.  

Results and discussion 

Electricity sufficiency assessment for the needs of the Belgorod region 

To assess the sufficiency of electric power for industrial needs, we present the ratio of electricity 

consumption and electric power generation in the Belgorod region in Table 1. 

Table 1 

Ratio of electricity consumption and electric power generation in the Belgorod Region 

(according to the data of Belgorod Energy Retail Company) 

2017 2018 Growth 

Indicator mln. 

kWh 

Share, 

% 

mln. 

kWh 

Share, 

% 

mln. 

kWh 

Share, 

% 

Electricity consumption 14881 100 15216 100 335 0 

Electric power generation 714 4.80 598 3.93 -116 -0.87 

Balance of energy flow to the 

energy system 
14167 95.20 14618 96.07 451 0.87 

We should note acute shortage of electric power in the Belgorod region. Its own sources provide 

less than 5 % of the required electricity. At the same time, energy consumption is growing, and 

electricity generation is falling. 

Thermal power plants are electric power generators. Main body of electric power is produced by 

combined heat and power plants. They not only produce the energy necessary for the region, but are a 

source of thermal energy in centralized heat supply systems as well. Steam and hot water are used in 

hot water supply and heating systems of residential communities and industrial projects [14]. 

Producible capacities of thermal power stations (TPS) of the Belgorod region are presented in Table 2. 

Belgorod TPS was built in 1938 according to the GOELRO plan and first was coal-fired; since 

1958 the TPS has used natural gas and heavy oil has been used as reserve fuel. In 2007 a gas turbine 

power station was installed at the Belgorod TPS site. Gubkinskaya TPS was built, first of all, for the 

needs of the metallurgical plant “KMARuda”. Gubkinskaya TPS operates on natural gas, coal is used 

as reserve fuel. Before the construction of the TPS in 1952, three power trains provided power-supply. 

Gas turbine TPSs are the most modern large facilities of traditional energy production in the Belgorod 

region. They operate on natural gas. The Michurinskaya gas turbine TPS was launched in 2004, and 
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the gas turbine TPS Luch in 2005. The principle of the operation of the Luch and Michurinskaya gas 

turbine power plants is based on the production of electricity in a gas turbine plant and heat in a waste 

heat boiler. Electric power is sold in the wholesale market, and heat is used for Belgorod needs. 

Table 2 

Producible capacities of thermal power stations (TPS) of the Belgorod region  

(according to the data of Belgorod Energy Retail Company) 

Indicator Thermal power, Gcal·hour
-1

 Electric power, MW 

Belgorod TPS 300 60 

Gubkinskaya TPS 148 29 

Belgorod gas turbine TPS 60 60 

Gas turbine TPS Michurinskaya 80 36 

Gas turbine TPS Lutch 62 60 

Problems of traditional sources of thermal and electric energy use in the Belgorod region 

The use of thermal power plants as sources of electricity in the Belgorod region leads to the 

accumulation of production, economic and environmental problems. 

Production problems are related to the fact that the equipment of TPSs and power grids are 

physically and mentally outdated. This first of all refers to the Belgorod and Gubkinskaya TPSs, 

which were installed in the Soviet Union more than 65 years ago. Physical depreciation leads to 

frequent breakdowns and additional maintenance and repair expenses. Moral depreciation leads to the 

fact that the equipment has a low coefficient of efficiency. 

Economic problems closely related to the production ones are the high cost price of energy 

generation. The Belgorod region does not have its own traditional energy resources. Natural gas, 

heavy oil, coal used as fuel are delivered from other Russia’s regions. Thermal power plants are very 

dependent on resource suppliers who constantly raise prices. This fact combined with maintenance and 

repair costs of obsolete equipment, leads to a high cost of electricity production. As a result, selling 

price of energy is growing all the time. 

We should especially note the environmental factor in the use of thermal power plants as sources 

of electric power in the Belgorod region. Natural energy resources used in the operation of thermal 

power stations are non-renewable. Their reserves are finite, the deposits peter out [15; 16]. In addition, 

TPSs are main suppliers of pollutants and excessive heat to the atmosphere [17]. Our research has 

shown that the landscape of the territory and the wind rose lead to the fact that the combustion 

products are transported to considerable distances, polluting natural environment [13]. 

Thus, currently the following conditions have developed in the Belgorod region: 

• increasing energy consumption, including by agricultural production; 

• very large shortage of electricity of domestic production; 

• severe dependence on external energy suppliers; 

• limited and high cost of traditional fuel resources; 

• negative impact of thermal power plants on the natural environment. 

This generates a need for taking the question of searching for electrical energy reserves seriously. 

As said at the World Energy Congress 2019, one of the lines is energy saving and application of power 

efficient technologies at enterprises, including agricultural enterprises [18]. The use of alternative, 

local renewable energy sources is a promising trend. Our research has shown that there are prospects 

for solar and wind energy in the Belgorod region [4]. The total volume of green energy production is 

more than 20 million kWh of electric and 17.2 thousand Gcal of thermal energy per year. 

Prospects of biogas power engineering in the Belgorod region 

Biogas with higher calorific power is formed as a result of anaerobic methane fermentation from 

biomass, which is an organic waste of the region’s agro-industrial complex [19; 20]. As a result, in 

addition to receiving heat and electric energy, biogas energy solves one of the urgent problems of the 

Belgorod region – the processing of agricultural waste. 
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The total annual volume of animal and poultry waste in the Belgorod region exceeds 18 million 

tons. Burial of agricultural waste cannot bring profit. Our research has shown that no more than 15 % 

of manure is used as fertilizer. The rest of the waste is accumulating. Also, a large amount of waste is 

given by crop production. We propose to make greater use of the capabilities of biogas stations, which 

allow not only to get rid of waste, but also to extract the maximum benefit from them. The energy 

potential of biogeneration facilities is presented in Table 3. Our research has shown that no more than 

15 % of the fertilizer is used as fertilizer. 

Table 3 

Energy potential of bio-generation facilities in the Belgorod Region  

(the authors’ calculations based on the materials from AlEnergo LLC) 

Power Electricity 
Thermal 

energy 

Fertilizer 

production 

Greenhouse 

gas reduction 

Ability to provide 

population with 

electricity 
Energy 

potential 

MW 
million 

kWh·year
-1

 

thousand 

Gcal·year
-1

 

thousand 

tons·year
-1

 

mln  

tons·year
-1

 

thousand 

people·year
-1

 

Total 223 1766 1693 7362 1324 1124 

Pig waste 77 605 580 2524 454 385 

Cattle waste 46 363 348 1511 272 231 

Poultry waste 39 306 294 1273 230 194 

Plant crop waste 27 212 203 885 160 134 

Treatment plants 

waste and solid 

domestic waste 

26 207 198 864 155 132 

Industrial waste 9 73 70 305 54 48 

The reduced data show the sufficient resource potential for the development of bioenergy. 

Fertilizers produced by biogas stations deserve special attention. Bioreactors (fermenters) that 

process organic waste can produce highly effective biofertilizers – effluent. Effluent has significant 

advantages over other organic fertilizers (manure, litter, peat). The main ones are:  

• is well assimilated by crops;  

• does not contain pathogenic bacteria; 

• excellent accumulation of nitrogen, phosphorus and other nutrients needed by plants;  

• retains nutrients for a long time; 

• contributes to the humification of the soil [21]. 

Bioenergy is an actor in the creation of innovative products and scientific and technological 

achievements for various areas of the agricultural sector [22; 23]. This leads to the appearance of 

positive effects of the development of the Belgorod region’s agricultural environment. It is shown in 

Figure 1. 
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Fig. 1. Positive effects from development of bioenergy (developed by the authors) 
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Thus, bioenergy contributes to the comprehensive development of the Belgorod region’s 

agricultural environment.  

Experience and possibilities of bioenergy technologies use in the Belgorod region  

In mid-2012, Russia’s first industrial-scale biogas plant Luchki was built in the Prokhorovsky 

District of the Belgorod Region. It operates on the waste of the Agro-Belogorye meat processing plant 

and other nearby agricultural enterprises developing at an accelerated pace in the region [12]. For a 

year, a biogas plant generates on average about 20 million kW ∙ h of electric energy, 18 thousand Gcal 

of thermal energy and about 70 thousand m³ of organic biofertilizers. According to the official data of 

AltEnergo, for 8 months of 2017, the biogas station generated 15.6 million kWh of electric energy. At 

the same time, more than 40 thousand tons of waste were processed, of which about 27 thousand tons 

were livestock waste [13]. A biogas station based on the Strigunovsky pig complex operates in the 

Borisov district of the Belgorod region. These objects have become the base for the whole network of 

biogas stations in the Belgorod region. Since the launch of the biogas energy project, a total of about 

350 thousand tons of crop and livestock wastes have been converted into “green” energy. 

The “Luchki” biogas station annually produces 66.8 thousand m³ of effluent biofertilizer. The 

experiment, which was conducted in the agricultural laboratory, showed a high efficiency of effluent. 

The study was carried out on experimental sites, in the soil of which biofertilizer was added, and at 

control sites, in the soil of which biofertilizer was not added. The addition of 90 m³ effluent per 

hectare of arable land on the pilot site resulted in a 4.5 centner increase in maize yields compared to 

the control site. The addition of 80 m³ effluent per hectare of arable land on the pilot site resulted in an 

increase in soybean yields of 4.13 centners compared to the control site. 

Bioenergy technologies have shown their high efficiency in the Belgorod region. Agricultural 

production can provide biogeneration facilities with resources in abundance. Therefore, in the future, 

biogas plants can be built up in great quantities, as is shown in Figure 2. 

 

Fig. 2. The suggested location of biogas stations in the Belgorod region  

(developed by the authors based on the materials from AlEnergo LLC) 

The location of biogas stations was based on the availability of production resources (livestock 

breeding complexes biological waste), labour resources (inhabitants of rural areas, infrastructure 

(availability of roads and communication facilities), as well as landscape conditions (flat terrain 

suitable for station location and other necessary premises).  

It is noticeable that projects of biogas plant construction are often realized at the expense of 

public-private partnerships. The volume of investments placed by regional authorities in each biogas 

station is about 150 million RUR. Such sharing of financial burden and entrepreneurial risks 

contributes to the increase of financial strength of bioenergy projects in the agro-industrial complex of 

the Belgorod region [14]. 
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However, it should be taken into account that modern bioenergy technologies are not able to meet 

the needs of industry and the population of the Belgorod region in electricity and heat. The production 

of thermal and electric energy using the methane fermentation technology must be combined in a 

comprehensive manner with other, traditional energy generation technologies. Such an approach will 

contribute to rapid development of agriculture in the region and other sectors of economic activity. 

Conclusions 

1. Having summarized the data obtained, it can be concluded that the Belgorod region is an energy-

deficient region and its own sources provide less than 5 % of the required electrical energy. Power 

consumption is growing and power generation is slumping. 

2. Heat and power plants supplying the Belgorod Region with heat and electric energy generate such 

significant problems as: lack of energy for the regional needs, high cost of energy for consumers 

and negative impact on the environment. 

3. The Belgorod region has achieved significant success in the development and application of 

bioenergy technologies. The infrastructure that has developed in the region contributes to 

structural improvement in energy generation towards bioenergy. Bioenergetics acts as a direct 

actor in the creation of innovative products and scientific and technological achievements for 

agricultural production. This leads to the appearance of positive effects of the development of the 

Belgorod region’s agricultural environment. 

4. Bioenergy technologies have shown their high efficiency in the Belgorod region. Agricultural 

production can provide biogeneration facilities with resources in abundance. Therefore, in the 

future, biogas plants can be built up in great quantities. The biogeneration of thermal and electric 

energy must be combined in a comprehensive manner with other, traditional energy generation 

technologies. Such an approach will contribute to rapid development of agriculture in the region 

and other sectors of economic activity. 
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