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Abstract: The study suggests using biogas plants as highly flexible energy sources. A 

critical step in deciding on their use involves predictive insights on the energy-efficiency 

metrics of the proposed biogas-based energy supply system compared to the current 

centralized model. Energy efficiency metrics were assessed through an analysis of energy 

balances, built using average statistical data on losses and energy consumption at biogas 

facilities. This approach is recommended for use in the early stages of defining technical 

requirements, enabling informed decisions about constructing or upgrading existing 

energy systems. Implementing biogas plants (BGP) as local power sources proves 

economically competitive when compared to centralized systems like thermal power 

plants (TPP) and boiler facilities. BGPs share a similar structure with these systems but 

operate with fewer areas needed for operations. Integrating BGPs can help reduce 

national dependence on imported energy, correct imbalances in the energy system due 

to their flexibility, and lower the cost of energy – whether electrical, thermal, or chemical 
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(such as fertilizers) – for specific manufacturing enterprises. Data on the energy balance 

reveals that 73% of BGP energy resources are concentrated in biomass.  

Keywords: biogas plants, combined energy supply system, energy balance, renewable 

sources, energy efficiency  

 

1. INTRODUCTION 

Amid rapid growth in renewable energy generation – primarily from wind turbines (WPPs) 

and solar power plants (SPPs) – the need to balance their variable power output is 

increasing to ensure operational stability (Qawaqzeh, et al., 2022, Syromyatnikov, et al., 

2021, Cierlecki et al. 2024, Bień and Bień, 2024). A key characteristic of both WPPs 

(Trunova, et al., 2020, Rubanenko, et al., 2020) and SPPs is their dependence on weather 

conditions, which results in inconsistent energy production (Chub, et al., 2019, 

Savchenko, et al., 2021). Research suggests that the most effective universal approach 

for balancing this variability is to build flexibility into the energy system, enabling 

adjustments in electricity production or consumption in response to fluctuations from 

renewable energy sources (RES). When large-scale renewable sources are integrated 

into power systems, challenges arise in maintaining both static and dynamic stability of 

operating modes (Pimentel, et al., 2018, Androniceanu et al., 2020, Halko, et al., 2021, 

Tymchuk and Miroshnyk, 2015, Ulewicz et al. 2021). For instance, if RES contributes more 

than 2% to the overall energy mix, existing grids often lack the technical capability to 

handle peaks in generation and flow, necessitating infrastructural upgrades and network 

modernization (Kolcun et al. 2019, Belik, et al., 2023, Qawaqzeh, et al., 2020, Roncero-

Clemente, et al., 2017, Karaiev, et al., 2021). RES also indirectly impact the amortization 

properties of power systems, leading to stability issues, reduced stability margins (such 

as shorter critical disconnection times during short circuits), and deterioration in transient 

process quality (e.g., increased generator rotor angle deviations and reduced damping) 

(Halko, et al., 2021, Viacheslav, et al., 2019, Qawaqzeh, et al., 2023, Olatomiwa, et al., 

2015, Redko, et al., 2023). 

Today, for instance, the development of wind power plants involves integrating a large 

number of wind turbines into the energy systems of numerous countries worldwide 

(Komada, et al., 2019). For this to be effective, the centralized energy supply system must 

become "flexible," necessitating the resolution of various significant scientific and 

technical challenges. One potential solution to this issue is the use of biogas plants (BGP) 

as a backup power source for wind (WPP) and solar power plants (SPP). The produced 

biogas, which can be stored long-term, may then be utilized as needed by consumers. 

Therefore, the objective of this work is to conduct initial research on the feasibility of 

incorporating BGP into the centralized energy supply system and to justify its 

competitiveness (Aslani, et al., 2014, Qawaqzeh, et al., 2020, Geletukha, et al., 2017). 

The prospects for implementing biogas into the gas system are very promising, also in the 

context of effective use of a renewable energy source in high-quality but energy-intensive 

production of castings in the automotive industry (Czerwińska et al., 2020; Markovic et al., 

2021) requiring support from industrial statistics (Dwornicka and Pietraszek, 2018). A 

particularly useful solution may be the combination of boiler rooms (Fialko et al., 2019) 

powered by easy-to-store biogas with efficient but unstable photovoltaic installations 

(Bogdanowicz et al., 2023), which could be located in reclaimed contaminated areas 

(Radzymińska-Lenarcik and Ulewicz, 2015; Skrzypczak-Pietraszek and Pietraszek, 

2024). Unfortunately, generally speaking, in the components of energy installations 
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powered by biofuels, it is necessary to counteract very strong corrosive degradation 

(Lipiński, 2010; Scendo et al., 2013; Lipiński and Szabracki, 2015). Krynke and Klimecka-

Tatar (2022) emphasize that the use of computer simulation techniques provides 

invaluable opportunities for optimizing production management processes in complex 

systems, which is particularly relevant for addressing the challenges of balancing 

renewable energy sources. 

 

2. PROSPECTS FOR THE DEVELOPMENT OF BIOENERGY IN EUROPEAN UNION 

The current policy of the European Union (EU) is aimed at establishing sustainable 

economic development, which includes social, economic and environmental components 

(Ingaldi and Ulewicz, 2024). The energy field is the key to establishing this concept. The 

idea of protecting the environment and preserving the climate occupies a leading place in 

European energy. Increasing the number of renewable energy sources that confirm the 

security of the energy system, minimizing the use of coal in electricity production and 

reducing harmful emissions are among the main measures in the process of sustainable 

energy development. This principle is of great importance for the economy and social 

welfare of EU member states. 

The combination of these principles is embodied in the European Green Deal. In 

December 2019, the European Commission introduced a roadmap of measures aimed at 

transitioning to a climate-neutral economy. A primary objective of this strategy is to 

achieve zero carbon dioxide emissions by 2050. This requires optimizing the fuel and 

energy sector and reducing dependence on imported raw materials. Beyond energy, 

reforms should also address the following sectors: transport, agriculture, construction, as 

well as the food and chemical industries. The key elements of this strategy are illustrated 

in Fig. 1 (Karaiev, et al., 2021, Miroshnuk, and Tymchuk, 2013). 

 

 
 

Fig. 1. Main objectives of the European Green Deal 

Source: EU, 2019 

 

EU member states are required to implement green policies, but this strategy presents a 

real challenge for some. Despite ambitious goals, the national energy strategies of EU 

countries remain uncoordinated. Most European nations lack sufficient natural resources 
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and cannot quickly reduce their dependence on energy imports. Economic development 

levels also vary significantly across Europe. Furthermore, some countries rely heavily on 

their own fossil fuels, such as coal, making a forced shift away from these resources 

particularly challenging in the transition to green energy. Additional obstacles include 

outdated energy infrastructure, inconsistent power generation, and dependency on 

renewable sources. Achieving these targets is difficult even for highly developed 

economies. Under the Treaty on the Functioning of the EU, each member state is 

independently responsible for developing and implementing its own energy strategy. 

EU countries have significant experience in generating energy from biomass processing. 

By the end of 2021, Europe had 1,067 biomethane plants, an increase of 184 compared 

to 2020, making 2021 the largest year for growth in biomethane installations. According 

to the European Biogas Association (EBA), by September 2022, 155 new biomethane 

plants had already been launched (Fig. 2). 

 

  
Fig. 2. Number of biomethane plants in Europe 

Source: The European Green Deal, 2019 

 

The production of biogas and biomethane in Europe in 2022 amounted to 21 billion cubic 

meters, which is 6% of the consumption of natural gas in the EU. Biomethane production 

alone has increased to 4.2 billion cubic meters in 2022, (Fig. 3).  

 
Fig. 3. Aggregate production of biogas and biomethane 

Source: The European Green Deal, 2019 
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Biomethane production has continued to grow, unlike biogas production. The largest 

annual increase occurred in 2021, with an addition of 6.1 TWh, or 0.6 billion m3. The total 

biomethane production in 2021 was 37 TWh, equivalent to 3.5 billion m3. 

Currently, 58% of biomethane plants in Europe are connected to the gas distribution 

network, while 19% are linked to the gas transmission network. Additionally, 9% of 

European biomethane plants operate independently, and information on the remaining 

14% is not available in the EVA database (Fig. 4). 

 

 
 

Fig. 4. Connection to natural gas networks 

Source: Qawaqzeh, M. et al., 2022 

 

In France, Netherlands, Spain, Austria, Denmark and the United Kingdom, biomethane 

plants are primarily connected to distribution gas networks. In Italy, however, large 

biomethane plants are predominantly built to connect with transport gas networks (TGN). 

The TGN also plays a major role in Germany. In Scandinavian countries, biomethane 

plants mostly operate in standalone mode. Across all regions, the share of arable land 

designated for cover crops is set at 20%. The feasibility of increasing coverage for 

additional crops on each plot has been assessed. 

This approach projects that, on average, 10% of the theoretical potential will be achievable 

by 2030 (with 65% for Italy, 20% for France and Germany) and 100% by 2050 (Fig. 5). 

 

 
Fig. 5. Structure of biomethane production potential in Europe 

Source: The European Green Deal, 2019 

 

The potential for biomethane production includes: 
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• roadside grass: This refers to grass collected during roadside maintenance, which 

is processed as waste material for biogas. 

• permanent meadows: These are areas of long-term pastures. Germany, for 

instance, has a significant area of such meadows that aren’t required for animal 

feed, with around 2 billion m³ used annually for biogas production. 

In Ukraine, the potential for biogas (biomethane) production is estimated at approximately 

10 billion m³ per year (Table 1). Plans are in place to increase biogas output through cover 

crops, aiming to reach over 20 billion m³ per year by 2050. The resulting increase in 

biomethane volumes will significantly enhance Ukraine’s energy independence, making 

the development of this industry a promising opportunity. 

 

Table 1. Biogas/biomethane production potential in Ukraine in 2021* and 2050 

* the assessment was made on the basis of technically available raw materials 

 

But the interest of consumers in the mass use of BGP in most cases is possible only if 

they are competitive in comparison, for example, with a centralized energy supply system 

(SS). We will consider the evaluation of the effectiveness of BGP implementation based 

on the analysis of their energy balance. 

 

3. ENERGY BALANCE OF THE BIOENERGY COMPLEX 

The energy balance is a crucial element in conducting energy audits, which encompass 

installations, processes, and technologies related to the production and consumption of 

energy. Through the analysis of energy balances, it is possible to determine energy 

consumption levels, losses, and costs, forming a valuable foundation for the design and 

optimal management of energy systems. The primary functions of energy balances 

include: 

• analysis of receipts, losses, and costs for various types of energy; 

• assessment of the efficiency of energy conversion processes. 

The energy balance, understood as a set of interconnected indicators that reflect 

quantitative relationships between the acquisition and utilization of energy resources, 

serves as the main document for a comprehensive analysis of resource use and the 

planning of actions to improve energy efficiency. 

In practice, various types of energy balances can be developed based on different sources 

of data, including technical documentation, operational data, and experimental research 

results. The most commonly used types of energy balances include: 

• synthetic balance: shows the distribution of acquired, supplied, and produced 

energy resources within the energy supply unit; 

• actual balance: enables the assessment of energy efficiency indicators of 

installations and equipment in comparison with their design specifications; 

Biogas/Biomethane, billion m3/year 2021 2050 

Biogas from animal waste 0.83 0.9 

Biogas from harvest residues of agricultural crops 4.36 5.2 

Biogas from by-products of the food processing industry 0.66 0.7 

Biogas from solid household waste 0.53 0.5 

Biogas 3 sewage sludge (municipal treatment plants) 0.07 0.1 

Energy plants: biogas from corn silage (from 1 million hectares) 3.00 3.8 

Biogas from cover crops (20% of arable land) 0.00 9.8 

Biogas from BM obtained by thermal gasification (10%) 0.00 1.0 

Biogas/Biomethan, total 9.45 21.8 
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• analytical balance: presents the nature of changes in energy resource 

consumption, breaking down their useful value and losses; 

• normative balance: takes into account the possibilities for rationalizing energy use 

and minimizing losses; 

• prospective balance: encompasses long-term production development forecasts 

extending to five years or more. 

Key sources of information used in creating an energy balance in enterprises include 

statistical reports, energy passports, cost standards, design and operational 

documentation, as well as energy consumption data over various periods (daily, seasonal, 

annual) and experimental studies with their mathematical analysis. 

Energy balances can be presented in the form of charts (e.g., pie and step charts), tables, 

and graphs, which enable, among other things, visualization of energy resource 

consumption, comparison of components in both dimensional and dimensionless units, 

and tracking of consumption dynamics. 

In an energy supply system based on biogas plants (BGP), it is essential to account for 

all types of generated energy, as well as losses and costs at each stage of energy 

conversion. Based on the analysis of energy balances for agricultural facilities, technical 

and organizational actions are formulated to achieve energy resource savings. 

For BGP, a deterministic approach has been applied to create a synthetic energy balance, 

with technical and economic indicators of BGP used as input parameters, as outlined in 

Table 2. 

 
Table 2. Technical and economic indicators of biogas plants 

Source: own study 

 

The potential for biogas production depends on the type of raw materials used, the design 

of the biogas plant, the quality of thermal insulation and the implementation of the 

technological process conditions, the materials and design of their main elements, as well 

as on the climatic conditions in the areas of their location. At the same time, the average 

Indicator Kobos- І Biogas 301 
UkrNII 
Agro-

project 

Enbom 
Finland 

Zorg 
Biogas 
Ukraine 

LLC 
Ekoten 

Reactor volume, m3 225 300 150 120 
3х2400 
+ 1000 

 

100 

Fermentation 
temperature, °C 

40 40 40 35-40 35-40 35-40 

Daily biogas output, 
m3 

500 350 178 140 9000 50 

Daily biogas 
processing, m3 

50 30.9 16.5 7 400 2.4 

Biogas output from  
1t of biomass, m3 2 1.1 1.2 1.46 1.4 1.4 

Biomass turnover 
time, days 

5 10 9 14 15 15 

Biomass moisture at 
the output, % 

96.2 99.5 93.7 95.2 94 94 

Commodity biogas, 
% 

59.3 55.2 52.1 60 80 80 

Capacity, kWh/day 100.2 151 24.5 - 22000 50 

Number of personnel 4 4 4 4 10 2 

Purpose 
biogas, 

fertilizers 
farm waste 
disinfection 

biogas, 
fertilizers 

biogas, 
fertilizers 

biogas, 
fertilizers 

biogas, 
fertilizers 
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consumption of energy produced to ensure the operation of the biogas plant in the climatic 

latitudes of Ukraine is on average: thermal - 20 - 50%, and, additionally, electrical - 6 - 9% 

of the total energy produced. 

In the future, to obtain generalized results of the energy balance, we will evaluate their 

indicators in relative values based on the above experimental data. 

In this way, the generalized energy balance of BGP will be presented in the form of a 

dependence: 

𝐸𝑜𝑤 + 𝐸𝑒 + 𝐸𝑡 =  𝐸𝑓 + 𝐸𝑏𝑔 + 𝛴𝛥𝐸 (1) 

where Eow - amount of biological energy present in organic waste; Ee - denotes the 

electricity consumed to meet the internal needs of the biogas plant (such as mixing, 

grinding, loading, unloading, and moistening of organic waste, as well as the operation of 

compressor units); Et - the thermal energy required to maintain the plant’s thermal regime; 

Ef - indicates the biological energy retained in the fertilizers produced; Ebg - the energy 

potential of the biogas generated; ΣΔE - total losses of electrical and thermal energy 

across all production stages. 

Based on references (Krasnozhon, et al., 2020, Dudnikov, et al., 2020, Korchevoi, et al., 

2009), Figure 6 illustrates the generalized energy balance of the biogas plant (BGP) for 

the production of biogas, electricity, thermal energy, and fertilizers (Sadchikov, 2016). 

 

 
Fig. 6. Generalized energy balance of BGP 

 

The structure of the generalized energy balance for a Biogas Production Plant (BGP) 

includes the following components: 

Borg - energy from organic waste, %. 

ΣW - total thermal and electrical energy costs necessary to support the BGP’s 

technological process, %. 

Bmb - energy from manure as a result of acid- and methane-forming bacteria activity, %. 

Nbe - biogas energy generated through the action of methane-forming bacteria, which can 

be used in the technological process and converted into electrical or thermal energy, %. 

ΣΔW - total energy losses and costs (both electrical and thermal) associated with BGP 

operations, %. 

F - energy contained in the fertilizer, %. 

Nben - volumes of biogas from the BGP that have been utilized per customer request. 

ΔQ - heat energy losses incurred during the fertilizer unloading process, %. 

We compare energy supply systems from BGP and SS, considering activities in spheres 

(Sadchikov, 2016, Al_Issa, et al., 2021, Krasnozhon, et al., 2016). It was found that both 

systems have a similar structure: A - preparation of organic waste for use (production or 
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extraction, transportation, preparation for use, loading, etc.); B - production from organic 

steam waste, with BGP producing biogas and organic fertilizers and facilitating their 

distribution; C - conversion of biogas energy (steam) into mechanical, then electrical or 

thermal energy; D - distribution of thermal and electrical energy to consumers; E - 

conversion of thermal or electrical energy into other types. Analysis of the overall energy 

balance shows that 73% of BGP's energy resources are contained in fertilizers (F = Bjrg + 

Bmb). The total energy losses and costs for ensuring the technological process are 12% 

(ΣW = ΣΔW + ΔQ). When BGP is supplied with energy from other renewable sources, for 

example from WPS and SPP, the amount of commercial biogas energy corresponds to 

15% of the total, i.e. in this case Nbe = Nben. 

The generalized energy balance of the biogas plant (BGP) encompasses all operational 

sectors (A, B, C, D, E) of the centralized energy supply system (Szafraniec, et al., 2021, 

Mykolyuk, et al., 2018), although here the power capacity, transmission distance, and 

number of energy transformations are significantly lower. 

Based on the generalized energy balance of the BGP (Fig. 6), the formula (1), and an 

analysis of the literature (Dudnikov, et al., 2020, Korchevoi, et al., 2009), we determine 

the values of the energy utilization coefficient (EUC) as follows: 

- For sector "A" when a gravity system for manure removal is established, the EUC is 

approximately 1; 

- For sector "B" the EUC is 0.91; 

- For sector "C" which includes a diesel power plant, the EUC is 0.16; 

- When the distance to consumers in sector "D" is minimal, the EUC approaches 1; 

- For sector "E" which involves conversion of the produced energy to another type, we 

assume an average EUC of 0.8. 

The quantitative average estimate for the EUC (excluding fertilizer energy) in the electricity 

production process at the BGP is thus expected to fall within the range: 

𝐾𝐵𝐺𝑃е = 𝐾𝐴 ⋅ 𝐾𝐵 ⋅ 𝐾𝐶 ⋅ 𝐾𝐷 ⋅ 𝐾𝐸 = 0,115. (2) 

Based on the conditions of thermal energy production: 

𝐾𝐵𝐺𝑃𝑡 = 𝐾𝐴 ⋅ 𝐾𝐵 ⋅ 𝐾𝐶 ⋅ 𝐾𝐷 ⋅ 𝐾𝐸 = 0,58. (3) 

Based on the data (Redko, et al., 2023, Belik, M. and Rubanenko, O. 2023), a quantitative 

assessment of the EPS of centralized power supply systems from thermal power plants 

was carried out 

𝐾CHP = 𝐾𝐴 ⋅ 𝐾𝐵 ⋅ 𝐾𝐶 ⋅ 𝐾𝐷 ⋅ 𝐾𝐸 = 0,29, (4) 

and thermal power plants (CHP): 

𝐾TPP = 𝐾𝐴 ⋅ 𝐾𝐵 ⋅ 𝐾𝐶 ⋅ 𝐾𝐷 ⋅ 𝐾𝐸 = 0,12. (5) 

Based on the analysis of the obtained EUR values (2-5), it can be concluded that energy 

production (both thermal and electrical) by local systems based on BGP is comparable to 

centralized thermal power plants and boiler facilities. However, for remote consumers and 

agricultural enterprises, using BGP will enhance the reliability and independence of 

energy supply and contribute to environmental improvements. 

 

3. CONCLUSION 

The conducted studies highlight the significant role of energy sector reform, incorporating 

the development of renewable energy sources, in shaping the future energy landscape 

and improving energy efficiency. Specifically, the implementation of biogas plants (BGP) 
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as a local energy source represents a competitive alternative to traditional, centralized 

energy systems such as thermal power plants (TPP). Biogas plants are characterized by 

their high flexibility and lower infrastructure requirements, which results in lower 

operational costs compared to other energy sources. In the context of sustainable energy 

development, biogas plants provide an effective solution that promotes increased 

innovation and competitiveness within the economy. 

The economic viability of implementing biogas plants in the energy sector is evident, 

especially when compared to larger energy units such as thermal power plants. Due to 

their lower infrastructure requirements and greater flexibility, biogas plants can be an 

attractive alternative, particularly in regions facing limited access to traditional energy 

sources. Moreover, biogas plants have the potential to reduce a country's reliance on 

imported energy, contributing to the stabilization of the national energy system and 

enhancing energy security. 

Furthermore, the introduction of biogas plants in the industrial sector can bring 

measurable economic benefits. Manufacturing enterprises can reduce costs for electricity, 

thermal energy, and chemical energy in the form of fertilizers by utilizing local energy 

sources. Such solutions also enable more efficient energy management, which helps 

lower operational costs and improve business profitability. 

Energy balance analyses indicate that 73% of the energy resources used in biogas plants 

come from biomass, highlighting the importance of biomass as a renewable energy 

source. As such, biogas plants have the potential to strengthen the role of renewable 

energy sources in the energy system. 
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