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ABSTRACT 

This article presents the analysis and calculation of the thermal balance of the technology of biogas production by 

anaerobic processing in a biogas device from biomass consisting of organic animal waste. The calculated data on the 

heat-shielding material of the biogas device is also given. Information is given about the energy aspects that should be 

paid attention to during the operation of small-scale biogas plants. 
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INTRODUCTION 

Around the world, scientific research work is carried out on the development of scientifically based methods of 

calculating the anaerobic processing of organic waste. In this regard, special attention is paid to conducting new 

experimental studies and their scientific justification in order to eliminate the negative consequences of increasing 

energy consumption in the mode of reliable use and operation of biogas devices [1, 2, 3]. 

Statement of the Question 

In the scientific works of scientists D.Y.Suslov and S.A.Kravchenko who studied the energy consumption in 

biogas plants, the thermal balance of large-sized BGP (biogas plant) was fully investigated [4; 5]. Their analysis 

shows that 13% of thermal energy and 80% of electricity received from traditionally operating BGP are stored in 

marketable condition. But there is not enough data on the composition of organic waste coming for processing, and 

on the moisture content in the biomass, the amount of pH, the content of coarse substances, indicators of the 

antibiotic mixture. There is also no evidence that these plants carried out work on the crushing of biomass in the 

process of its primary processing. Also, the energy of the exothermic reaction and the exact amount of energy that 

is released together with the bio-sludge are not specified in the regenerative BGP. 

METHODOLOGY 

Currently, many biogas plants operate in a mesophilic temperature regime. Our experimental BGP is equipped with 

a crushing device and has a length of 5 meters, a radius of 0.8 meters, and overall dimensions of a liquid biomass 

phase size of 8.5 m3. The daily biomass load is 1,275 m3/day and the thermal conductivity coefficient of the heat-

protective coating "KNAUF" is 0.044 watts/m °K. 
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In accordance with the distribution of the heat flow of the BGP (Figure-1), the thermal balance is determined 

using the following formula: 1. 

∑ 𝑄𝑖 + 𝑄𝑒 = ∑ 𝑄𝑐 + 𝑄𝑙                 1 

Where, 

Qi – total input heat flow, kWh; 

Qe – the amount of heat released during the exothermic reaction, kWh; 

Qc – total consumed heat flow, kWh; 

Ql – the amount of heat lost from the surface of the BGP, kWh. 

 
Figure 1: Heat Flow Distribution Scheme in BGP. 

 

When determining the amount of heat (2) lost from the longitudinal surface of the BGP to the environment, the 

"Fury formula was used to determine the amount of heat lost for the longitudinal walls of a cylindrical pipe (Q l)" [6; 34-

36]. This will require the operating temperature of the device, the ambient temperature, the dimensions of its dimensions, 

and the thermal conductivity of its material. 

𝑄𝑙 =
2𝜋∙𝜆∙𝐿∙(𝑇1−𝑇2)

ln
𝑑2
𝑑1

= 30,6      2. 

Where, 

d1 – Outer diameter of the BGP, 1.6 m; 

d2 – Internal diameter of the BGP, 1.59 м; 

Т1 – Temperature regime of the BGP, 309 0К; 

Т2 – Ambient temperature, 295 0K; 

λ – Thermal conductivity coefficient of the BSU surface [7], 74.4 Watt/m·0K; 

L – The length of the BGP, 5 m; 

Based on the values presented, we find the total surface of the BGP: 

𝐹 = 𝐹𝑙 + 𝐹𝑠 = 2𝜋𝑅ℎ + 2𝜋𝑅2 = 25.12 + 4.02 = 29.14; 𝑚2                                         3 
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Where, 

Fl – Longitudinal surface of the BGP; 

Fs – The side surface of the BGP. 

Based on the amount of heat lost at the longitudinal length (Ql), we determine the density (q) of the heat flow on 

the surface of the longitudinal length of the BGP (Fl): 

𝑞 =
𝑄𝑙

𝐹𝑙
=

30.6

25.12
= 1.45; 

𝑘𝑊·ℎ

𝑚2                 4 

Consequently, the total loss of thermal energy from the surface of the BSU without a heat-protective coating of 

the listed sizes Q= q•F= 1.45*29.14=36.4 kWh 

With the help of a heat-protective coating (Knauf), we determine the amount of thermal energy lost after coating 

at the optimal level (5 mm), as well as the amount of heat-protective material [8]. In this case, we re-apply the “Fury 

formula” to determine the energy lost. 

𝑄𝑙 =
6.28∙0.044∙5∙(308−295)

ln
1.61

1.6

= 2,9;  𝑘𝑊 · ℎ  

If the operating temperature of a BGP with a total size of 10 cubic meters is 36 degrees Celsius, a BGP with 

thermal protection saves 34.8 kWh of thermal energy compared to a BGP without coating. 

The size of the thermal protection material used for this external surface of the biogas plant with an area of 29.14 

m2 was calculated according to the following formula, and in this calculation the size of the protective material with a flow 

rate at a thickness of 50 mm was 1.75 m3. 

𝑉𝑝 = (𝜋𝑟1
2 ∙ 𝐿1 − 𝜋𝑟2

2 ∙ 𝐿2) + 2𝜋𝑟2
2 ∙ (𝑟2 − 𝑟1) = 1,75 𝑚3             5 

Where, 

Vp – Size of material for thermal protection, m3; 

r1 – radii on the inside of the BGP protective coating, 0.8 m; 

r2 – radii on the outside of the BGP protective coating, 0.85 m; 

L1 – the length of the BGP without protective coating, 5 m; 

L2 – the length of the BGP with a protective coating, 5.1 m; 

Scientists who conducted research in this area (J.Twydell and A.Ware) when the dry organic matter contained 

(OMC) in the biomass participating in the exothermic reaction completely disintegrated, determined the decomposition of 

the amount of thermal energy on each mass of dry organic matter (Er = 1.5 MJ/m3 [9, 290–292]. 

In order to simplify the work of determining the amount of dry organic matter contained in clothing based on the 

information provided in the handbook [10], it can be determined that in each kilogram of cow manure with a moisture 

content of 75%, the amount of dry organic matter contained (Msov) is 20.3%. The amount of dry OMC in liquid biomass 

from 8500 kilograms in BGP is MOMC = 1407 kg. Taking into account the daily loading dose, this amount is MOMCd = 211 

kg. In this case, the daily amount of heat released as a result of the exothermic reaction is calculated as follows. 



4                                                                                                Imomov Shavkat Zhakhonovich, Kayumov Tulanboy Kholmirzaevich, 

                                                                                                 Tatyana Petrovna Boldyreva & Safarov Husniddin Sirojiddin O’g’li 

 
Impact Factor (JCC):2.9926                                                                                                                                          editor@tjprc.org 

𝑄𝑟 = 𝐸𝑟 ∙ М𝑂𝑀𝐶𝑑 = 88 𝑘𝑊 · ℎ                 6 

The total amount of heat injected into the BGP is equal to the sum of the costs of heating the temperature of the 

newly loaded biomass to 36 0C and maintaining the BGP in temperature conditions. Also, the heat flows spent on the BGP 

come out as part of bio-sludge and biogas. The amount of heat flow expended will be as follows: 

∑ 𝑄𝑖 = 𝑄𝑛 + 𝑄𝑒 ;  [𝑘𝑊ℎ]   ∑ 𝑄𝑐 = 𝑄𝑠 + 𝑄𝑔; [𝑘𝑊ℎ] 

Where, 

Qs – Consumption of the amount of heat leaving with bioshlam; 

Qg - Consumption of the amount of heat leaving with biogas;  

Qe – The amount of heat required to ensure the operating temperature of the BGP; 

Qn – The amount of heat required to heat the new biomass loaded daily 

To determine other heat flows, formula 7 is used, as well as Table 1, based on the thermophysical properties of 

biomass, biogas, and bio-sludge. In this case, the temperature of the bio-sludge and biogas is equal to the operating 

temperature of the BGP. 

Table 1: Some Thermophysical Properties of Substances in BGP 

Substance 

Characteristic 
Straw biomass Bioshlam Biogas 

с- heat capacity, kJ/kg·0K 3.98·10-3 4.18·10-3 1.3·10-3 

v– daily size of biomass, m3 1275 1237 16 

ρ – density, kg/m3 890 1020-1140 0.72 

Т – temperature, 0K 286 309 309 

W – humidity, % 89 92 0.8·10-3 

Specific gravity, kg 0.7 0.9 0.55 gr/liter 

 

𝑄 = 𝑐 ∙ 𝑣 ∙ 𝜌 ∙ 𝑇;  [𝑘𝑊 · ℎ]                 7 

Sh.Zh.Imamov, who conducted research in the field of heat balance of BSU, based on his proposal to improve 

BSU, developed a technological device that replaces the thermal energy released from the device by bioshlam with a new 

biomass [11; 12;13;14;15;16]. Accordingly, the recuperator device during the heat exchange of bioshlam with a 

temperature of 36 0C and fresh loaded biomass with a temperature of 13 0C indicates a sharp increase in the efficiency of 

the BGP as a result of the preservation of 70% heat. When determining (8 formula) the thermal energy removed by the 

bioshlam, the calculations for the recovery coefficient of Rer = 0.3 and the recovery coefficient returning with new biomass 

(9 formula) for Ren = 0.7 are as follows: 

𝑄𝑠ℎ = Ре𝑟 ∙ 𝑐𝑠ℎ ∙ 𝑣𝑠ℎ ∙ 𝜌𝑠ℎ ∙ 𝑇𝑠ℎ = 135.8 𝑘𝑊 · ℎ              8 

𝑄𝑛 = (𝑐𝑔 ∙ 𝑣𝑔 ∙ 𝜌𝑔 ∙ 𝑇𝑔) − (Ре𝑛 ∙ 𝑐𝑠ℎ ∙ 𝑣𝑠ℎ ∙ 𝜌𝑠ℎ ∙ 𝑇𝑠ℎ) = 41.9 𝑘𝑊 · ℎ              9 

Considering that the biomass temperature during the year fluctuates within +2...+13 0C (actually equal to the air 

temperature), the amount of heat flow expended after regenerative heating of the new biomass loaded on the BGP is 41.9 

kWh. 
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𝑄𝑔 = 𝑐𝑔 ∙ 𝑣𝑔 ∙ 𝜌𝑔 ∙ 𝑇𝑔 = 0.0013 𝑘𝑊 · ℎ              10 

According to formula 11, the amount of heat that ensures the retention of the biogas device to the desired 

temperature is determined. 

𝑄𝑒 = 𝑄𝑠ℎ + 𝑄𝑔 + 𝑄𝑙 − 𝑄𝑟 − 𝑄𝑛 = 8.9 𝑘𝑊 · ℎ             11 

Thus, in our analysis, 8.9 kWh of thermal energy is required to maintain the mesophilic biomass temperature at 36 

0C to a humidity of 92% in the BGP [17;18;19]. 

Substituting the results into formula 1, the extended equation of the total thermal balance of BGP and its solution 

have the following form: 

𝑄𝑛 + 𝑄𝑒 + 𝑄𝑟 = 𝑄𝑠ℎ + 𝑄𝑔 + 𝑄𝑙 = 41,9 + 8,9 + 88 ≅ 135,8 + 0,0013 + 2,9  

 
Figure 2: Diagram of the Distribution of Thermal Energy Flows in BGP. 

 

It is known from the diagram above that the maximum amount of thermal energy (135.8 kWh) in the BGP is 

allocated with bioshlam. 

CONCLUSIONS 

The thermal balance of the biogas plant is 138.8 kWh, of which 30% of the thermal energy is required to heat the new 

biomass and 6.4% to maintain the operating temperature. This means that even after using the recuperator, the BGP loses 

69% of its thermal energy. In the 10 m3 size BGP, 63.4% of the total spent and lost energy is provided by the energy 

generated as a result of an exothermic reaction. In order to avoid energy losses, it is also necessary to check the thermal 

protective equipment during the BGP's [20; 21; 22-28]. 
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