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Abstract:Artificial neural networks are rated by Gartner an emerging technology status 2021. They find 

numerous applications, of which statistical forecasting. This is compared in literature review to a specific 

empirical case example funded by European projects. The case example is used to forecast the quantity 

produced as a result of a process based manufacturing method in agribusiness, meaning pellets and briquets. The 

process based manufacturing methods relies on quantities of raw materials of different quality, whose output is 

not 100% determinable and depends on raw material quality. They may produce the finished product or by-

products. The scenarios and their probabilities are managed via neural networks.  
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1. INTRODUCTION 

Industrial development requires ever-increasing amounts of energy, which has led to the need to 

develop new, more efficient, less polluting energy resources that allow long-term exploitation. Among 

the biomass processing technologies for the purpose of obtaining energy, wood pellets and briquetting 

have an increased efficiency. The results are equally based on the research carried out in the 

INOMAT project and on the doctoral thesis intended to obtain the scientific title of doctor of 

engineering entitled ”Contributions to the optimization of the manufacturing processes of pellets and 

briquettes using elements of artificial intelligence, statistics and operational research” and supported 

by engineer Simina Maris [1, 2, 3].  

If profit maximization is important from the point of view of the economic agent [4, 5, 6], it is 

conditioned by the improvement of the quality of the products offered. Thus, a scientific production 

planning is required, as well as industrial research-development activities. By using experiment 

planning techniques, modeling techniques and numerical simulation software, the costs of 

experimental research activities can be reduced. 

In the first place, heating with pellets is an economical and environmentally friendly solution, 

compared to fossil fuels (oil, gas, etc.). The investment in the power plant and the related equipment is 

amortized quite quickly and it can be safe and easy in terms of handling / use. The pellets burn 

completely and leave behind very little ash, this being a good fertilizer for gardens, and at the same 

time it does not emit a specific, disturbing smell. They burn for up to 12 hours and release heat in the 

long term, with an excellent yield of 80 - 95%, depending on the composition. 

Secondly, heating using briquettes is an economical and environmentally friendly solution, 

compared to fossil fuels (oil, gas, etc.). From the point of view of handling and use, it is safe and easy, 

and its efficiency is four times higher than traditional wood heating. The briquettes burn almost 

completely, and the ash left after burning is a good fertilizer for gardens. It offers a good and very 

good yield, of 70 - 85%, depending on the composition [7].  

In the case of the manufacture of pellets and briquettes, the optimization of the manufacturing 

process can refer to maximizing profit, increasing productivity, recycling agricultural or forestry 

waste, maximizing calorific power, meeting technical standards, determining manufacturing recipes 

specific to each of these cases, to innovative solutions for the automation of the production line. In 
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this case, an improved production line is presented to meet the requirements, a line already built at the 

Cenei factory. Both empirical recipes and a scientific planning of experiments are considered. 

The possibility of effectively using wood or agricultural waste for energy production is a current 

trend. Although woody biomass is a traditional energy source, new technologies allow it to be used in 

a more efficient way. 

2. EMPIRICAL DATA ANALYSIS 

2.1. Methodology and research process 

The specifications of solid biofuels such as pellets and briquettes are subject to standards that are 

constantly being updated. The EU regulations for these types of biofuels are included in EN 17225-1, 

EN 17225-2 and EN 17225-6, which are updates of EN 14961 and EN 14961-4 [8, 9, 10, 11].  

 

Table 1. Standards of wood pellets (accordingly to European Committee for Standardization, 2014 [ 

8, 9, 10, 11]) 

 
Characteristics Um ENPLUS A1 ENPLUS A2 ENPLUS B 

Minimum 

diameter 

Mm 6,1 6,1 6,1 

Maximum 

diameter 

Mm 8,1 8,1 8,1 

Minimum 

length 

Mm 3,15 3,15 3,15 

Maximum 

length 

Mm 40 40 40 

Maximum 

humidity 

% (wet 

base) 

10 10 10 

Net calorific 

value, Q 

MJ/kg 16,56 16,56 16,56 

Minimum bulk 

density 

kg/m
3
 600 600 600 

Maximum 

additives 

% (dry 

base) 

2 2 2 

Maximum 

residual ash 

% (dry 

base) 

0,7 1,2 2 

Raw material 

(origin) 

 

 Trunks; 

Wood residues 

not chemically 

treated 

 

Trees without 

roots; 

Trunks without 

bark; 

Forestry waste; 

Wood residues 

not chemically 

treated 

Forests, plantations, 

and unprocessed 

wood; 

By-products and 

residues from the 

wood processing 

industry; 

Used wood not 

chemically treated 
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One of the most used software solutions for implementing neural networks is Matlab. This 

software is a solution developed by MathWorks, which allows mainly numerical calculations, matrix 

manipulation, graphic representations, implementation of algorithms, creation of user interfaces, but 

also interference with other programming languages. MATLAB is used to determine a neural network 

that links artificial intelligence methods to possible outcomes[12].  

Empirical data comes from a project financed by the european Union called Inomat [13]. The 

data were statistically processed with STATGRAPHICS because the program finds the best 

combination of the experimental factors. Users specify the target value or acceptable range for each 

response, together with its relative importance[14, 15].  

In successful endeavors, certain equipment and technologies are needed in order to produce and 

burn heating materials (e.g., pellets, briquettes). These are briefly presented below: 

 technological line for the production of pellets/briquettes 

 

 
 

Figure 1. Technological line for the production of pellets 

 

 pellet press for experimental pellet making 

 

 

Figure 2. Pellet press, with small capacity 



9
TH

 CONFERENCE WITH INTERNATIONAL PARTICIPATION ON 

KNOWLEDGE MANAGEMENT AND INFORMATICS, Kopaonik 2023. 

4 

 

 

 briquettes press 

 

 
 

Figure 3. Briquettes press 

 

 combustion stove 

 

 
 

Figure 4. Combustion stove 

2.2. Results and discussion 

In order to delimit the burning measures of pellets and briquettes, the following are proposed - Q 

(calorific value, expressed in MJ/kg) and the amount of ash (ash, expressed as mass percentage). Data 

was processed with STATGRAPHICS [14, 15].  

 

Table 2. Project measurements for pellets and briquettes  

 
Output Purpose Minimum Maximum 

Q inf (MJ/kg) Maximize 14,50 - 

ash (%) Minimize - 10,00 
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Table 3. Factors involved in the project [1] 

 
Experimental 

factor 

Unit 

of measure 

Factor Minimum 

values 

Maximum 

values 

A: Factor _ A 

Straw  

mass % Mixture 

component 

0,0 1,0 

B: Factor _ B 

Beech Sawdust 

mass % Mixture 

component 

0,0 1,0 

C: Factor _ C 

Wood chips 

mass % Mixture 

component 

0,0 1,0 

D: Factor _ D 

Corn 

 

mass % Mixture 

component 

0,0 1,0 

E: Factor _ E 

Wheat 

mass % Mixture 

component 

0,0 1,0 

 

 
 

Figure 5. Factors of the experiment - project [1] 

Regarding the amount of residual ash, there is a strong direct relationship between it and factor A 

and an inverse one, of lesser intensity, between it and factor D. In other words, an increase in the 

amount of straw in the mixture results in an increase in the amount of ash, while an increase in the 

amount of corn in the mixture results in a decrease in the amount of residual ash. 
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Figure 6. The influence of the mixture factors on the calorific value Q 

In general, the combination will have a residual ash of between 2% and 3%. Values above 3% are 

possible for a percentage of more than 45% straw in the composition of the mixture. Values below 2% 

are possible for more than 40% corn and less than 7% straw, and a residual ash value close to 1% is 

possible for mixtures consisting only of non-conforming corn. 

 

Figure 7. The influence of the mixture factors on the residual ash 

The formula used for ash is the below one:  

𝑎𝑠 =
𝑚2

𝑚1
⋅ 100  %       (1) 

Where 𝑚1 is the weight before the burning process, and 𝑚2 is the weight of the ask resulted 

through burning.  

The formula used for determination of the calorific power is below:  

𝑄 =  𝑛
𝑖=1 𝑚𝑖𝑄𝑖  

𝐽

𝑘𝑔
       (2) 

Where 𝑚𝑖  is the weight percentage of the component  𝑖, and 𝑄𝑖  is the calorific value of the 

component𝑖 . 

Neural networks were used to determine the noxes starting from the calorific value and the 

residual ash. So neural network is a function 

𝑦 = 𝑓 𝑥       (3) 

where y is a 6-element vector corresponding to the percentage elemental chemical composition (C, H, 

O, N, S, Cl) and x is a 2-element vector corresponding to the values for the lower calorific value in 

MJ/kg and the amount of ash in the %. 
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The neural network has an input layer with 2 neurons, two hidden layers with 10 and 6 neurons, 

respectively, and an output layer with 6 neurons (Figure 8). 

 

 

Figure 8. Network structure 

The transfer function for the hidden layer is a sigmoid function: 

𝑎 =
2

1+𝑒−2𝑛 − 1      (4) 

and takes values between -1 and 1. The transfer function for the output layer is a linear function 

(figure 9) 

 

Figure 9. The transfer function used in RNA modeling 

3. CONCLUSION 

Starting from the need for innovation in the production of heating pellets and briquettes, 

expressed by a company active in the field, the present research provided a series of answers related to 

the innovation of the product recipes, the possibility of diversification of production and the 

determination of optimal recipes given the raw materials available to be processed. Characteristics of 

some empirical recipes were studied (lower calorific value, ash, noxes). 

In addition, an artificial neural network for predicting the elemental composition (and thus the 

noxes emitted by burning different types of pellets / briquettes) starting from their calorific value and 

ash content. 
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