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Abstract. The article is devoted to the problem of assessing the 
productivity of biogas plants. The aim of the work is to build intelligent 

tools for evaluating the performance of biogas plants by determining the 
output of biogas depending on the properties of raw materials based on the 

fuzzy inference method according to the Sugeno algorithm. First of all, the 
output of biogas is influenced by the chemical composition of the raw 
materials used. The chemical composition indicators were obtained by the 
authors in the framework of experimental studies. To carry out the 
analysis, a knowledge base was built on the following parameters: 
humidity, crude ash content, crude fat content, crude protein content, crude 

fiber content, nitrogen-free extractive substances content. The fuzzification 

of its vertices in the section of 2- and 3-term sets has been carried out. 
Membership functions of fuzzy sets for each parameter are constructed. 
The fuzzification of the root is defined in 5 categories. A system of rules 
was compiled based on experimental data, and the biogas yield was 
calculated depending on the initial parameters. The results obtained can be 
used in the organization of biogas plants. 

1 Introduction 

–

–
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2 Materials and methods 

 
 
 
 
 
 

3 Results and Discussion 

Animal 

category 

Moisture, 

% 

Crude ash 

content, % 

Crude fat 

Content, 

% 

Crude 

Protein 

Content, % 

Crude fiber 

Content, % 

Nitrogen-free 

extractive substances 

(NES), % 

Manure of sow 

suppositories 
4.32 20.75 5.84 12.84 22.97 33.31 

Sow manure on 

suction 
3.58 18.69 9.35 15.68 22.06 30.64 

Manure is 

vilified 
8.15 17.27 11.76 22.71 14.55 25.57 

Pork manure 14.29 18.11 7.48 13.75 17.55 28.82 
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Parameters Parameters The universal set 

Moisture, % Х1 From 3 to 15 

Crude ash content, % Х2 From 17 to 21 

Crude fat Content, % Х3 From 5 to 13 

Crude Protein Content, % Х4 From 12 to 24 

Crude fiber Content, % Х5 From 14 to 23 

NES, % Х6 From 25 to 34 

Variables Term sets and their evaluation 

Х1 low (1), medium (3), high (5) 

Х2 low (1), medium (3), high (5) 

Х3 low (1), high (5) 

Х4 low (1), medium (3), high (5) 

Х5 low (1), medium (3), high (5) 

Х6 low (1), medium (3), high (5) 
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å (ä þÿ = ÿĀ,ÿĀÿ=1ÿĀ=1 with weight ýĀ) → ÿ = �Ā, 0 + ĀĀ,0 + ĀĀ,1 ∙ þ1 +⋯+ ĀĀ,Ā ∙ þĀ
… –

… – =0,1,2… –
–
–

�Ā = ĀĀ,0 + ĀĀ,1 ∙ þ1 +⋯+ ĀĀ,Ā ∙ þĀ

µ υ
υ

�ýĀ(þ) = ã ýĀ ∙ â [�ĀĀ,ÿ(þÿ)]Āÿ=1ÿĀ=1
 

The above function (3) shows the result of evaluating the j-th rule from the knowledge 

base, where Ç (Æ) is an operation from the s-norm (t-norm), i.e. from a set of options for 

implementing logical operators OR (AND). 

As a result, we get m new membership functions, the totality of which forms a new 

fuzzy set which corresponds to the input vector x: 

 ÿ̃ = ∑ ���ÿ=1 1(�)∙ÿÿ(�)∑ ���ÿ=1 1(�)
 

To calculate the potential output of biogas, a number of rules were created with two 

changing variables – humidity and crude ash content, the remaining parameters were fixed 

at average values: 

 

{  
  if (х1 = АÿÿĀ) and (х2 = АÿÿĀ), then (у1 = �ÿÿĀ)if (х1 = АÿÿĀ) and (х2 = Аÿÿ�), then (у1 = �ÿ�þ�ÿĀþ)if (х1 = Аÿÿ�) and (х2 = АÿÿĀ), then (у1 = �ÿ�þ�ÿĀþ)if (х1 = Аÿÿ�) and (х2 = Аÿÿ�), then (у1 = �ÿÿ�) (5) 
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Thus, the calculated biogas yield, depending on the chemical composition of the raw 

material with fixed parameters of protein, fat, fiber and NES content, was: 

 � = 402.5+�1∙�1+�2∙�23.5+�1+�2 = 115.0 ± 14.5 �3/�. 
 

The graphical dependence of the biogas yield on the above parameters, obtained using 

the Sugeno neural network, is shown in Figure 3. The dataset, including training and 
control samples, was formed on the basis of experiments conducted by the authors at a 

laboratory biogas plant. 

 

 

4 Conclusion 

Acknowledgement 

  

 

 

, 010 (2024)E3S Web of Conferences https://doi.org/10.1051/e3sconf/202452401013524

APEC-VII-2024

13 

5



References 

1. M.B. Permyakov, T.V. Krasnova, Alternative Energy Sources in Resolving 

Environmental Problems and Providing Safety of Single-Industry Towns, in IOP 

Conference Series: Materials Science and Engineering: International Conference 

Safety Problems of Civil Engineering Critical Infrastructures 972, 012026 (2020) DOI 

10.1088/1757-899X/972/1/012026 

2. B. Baitanayeva, A. Yerezhepova, B. Nurmanova, G. Andabayeva, Current state and 

problems of alternative energy development in the world, in E3S Web of Conference: 

1st International Conference on Business Technology for a Sustainable Environmental 

System 159, 07004 (2020) DOI 10.1051/e3sconf/202015907004 

3. B.S. Ruzimatova, International Journal of Advance Scientific Research 2(12), 215-218 

(2022) DOI 10.37547/ijasr-02-12-30 

4. D. Vornikov, I. Kozakevych, O. Sinchuk, Applied Aspects of Information Technology 

2(3), 230-242 (2019) DOI 10.15276/aait.03.2019.5 

5. V.B. Nikolaev, Power Technology and Engineering 52(6), 680-685 (2019) DOI 

10.1007/s10749-019-01013-z 

6. T.V. Shchukina, I.S. Kurasov, D.A. Drapalyuk, P. Popov, Improving the energy 

efficiency of buildings based on the use of integrated solar wall panels, in E3S Web of 

Conferences 244, 05009 (2021) DOI 10.1051/e3sconf/202124405009 

7. A.Y. Mamontov, Chief power engineer 10, 64-68 (2019) 

8. V.A. Lomazov, A.L. Mironov, V.I. Lomazova, Optimum planning of experimental 

research at the biogas plant, in IOP Conference Series: Earth and Environmental 

Science 659, 012111 (2021) DOI 10.1088/1755-1315/659/1/012111  

9. Yu. Syromyatnikov, S. Voinash, I. Troyanovskaya, Acta Technologica Agriculturae 

27(1), 30-34 (2024) DOI 10.2478/ata-2024-0005 

10. D.N. Klyosov, A.A. Orekhovskaya, On the development of technology for obtaining 

organomineral fertilizers, in IOP Conference Series: Earth and Environmental Science: 

Mechanization, engineering, technology, innovation and digital technologies in 

agriculture 723, 032024 (2021) DOI 10.1088/1755-1315/723/3/032024 

11. V. Samarina, T. Skufina, A. Samarin, M. Tereshina, Engineering for Rural 

Development 19, 69-75 (2020) DOI 10.22616/ERDev2020.19.TF015 

12. P.N. Solonshickov, L.V. Pilip, Environmental safety approaches to solving the problem 

of waste disposal at livestock farms, in IOP Conference Series: Earth and 

Environmental Science 981, 032065 (2022) DOI 10.1088/1755-1315/981/3/032065 

13. S.I. Shiyan, K.A. Ilyinsky, I.O. Pashurenko, Nauka. Technic. Technologies 

(Polytechnic Bulletin) 4, 219-227 (2020) 

14. M.D. Petrović, N.A. Vuković, Ars Administrandi 10(3), 489-501 (2018) DOI 

10.17072/2218-9173-2018-3-489-501 

15. O.M. Grace, J.C. Lovett, C.J.N. Gore, Plants People Planet 2(5), 446-462 (2020) DOI 

10.1002/ppp3.10147 

16. T.K. Bolyssov, Z.K. Zhanybayeva, B.S. Yessengeldin, M.K. Tuleubayeva, Bulletin of 

Karaganda University. Economy Series 96(4), 22-28 (2019) 

17. B.M. Al-Hadithi, J.M. Adánez, A. Jiménez, Optimal Control Applications and 

Methods 44(1), 91-109 (2023) DOI 10.1002/oca.2932 

18. B. Singh, Z. Siménfalvi, Z. Szamosi, Sustainability 13(12), 6668 (2021) DOI 

10.3390/su13126668 

  

 

 

, 010 (2024)E3S Web of Conferences https://doi.org/10.1051/e3sconf/202452401013524

APEC-VII-2024

13 

6



19. A. Hurynovich, M. Kwietniewski, V. Romanovski, Desalination and Water Treatment 

227, 16-25 (2021) DOI 10.5004/dwt.2021.27199 

20. P. Pochwatka, A. Kowalczyk-Juśko, P. Sołowiej, Energies 13(22), 6058 (2020) DOI 

10.3390/en13226058 

21. D. Yehoshkin, N. Guk, Eastern-European Journal of Enterprise Technologies 6-

4(120),14-22 (2022) DOI 10.15587/1729-4061.2022.268908 

22. M.V. Dagaeva, A.S. Katasev, Caspian Journal: Management and High Technologies 

3(63), 20-27 (2023)  

  

 

 

, 010 (2024)E3S Web of Conferences https://doi.org/10.1051/e3sconf/202452401013524

APEC-VII-2024

13 

7


	1 Introduction
	2 Materials and methods
	3 Results and Discussion
	4 Conclusion
	Acknowledgement
	References

