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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 
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