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Abstract-- The objective of this study was to analyse the use of biofuels to replace fossil fuels through 
mathematical analysis in creating an artificial intelligence (AI) programme as the tool for consideration 
and decision of fuel replacement from non-renewable. This study emphasises the potential of fuel 
replacement from non-renewable energy to alternative energy. The target group for this study included 
dyeing factories using boilers as the main equipment for production. While the developed Matlab AI 
programme was tested and helped dyeing factories to decide the selection of energy. The programme led 
to the process of artificial neural networks simulating the human brain performing mathematical 
analysis, which is the process of model neural network creation. The results of the study about the break-
even point ranking programme found that, the break-even point for coal was distant from the break-even 
point for palm shell fuel by 23 points, showing that palm shell fuel was more valuable. In the comparison 
between bunker oil and other types of fuels, it was found that the break-even point for bunker oil was 
ranked No.26, whereas the break-even point for palm shell fuel was ranked at No.1. As well, the 
comparison of natural gas with other types of fuels found that the break-even point for natural gas was 
ranked at No.17, whereas the break-even point for palm shell fuel was ranked at No.1; these two types of 
fuels were separated from each other by 16 points.  
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I. INTRODUCTION 

The global demand for energy has increased unceasingly since 2013 [1] as a result of better living 
standards in emerging economies around the world, including in China, India and countries in the Middle East. 
The economies in these and other nations have rapidly expanded, with such development and expansion having 
perpetually caused higher demand for energy. Further, the proportion of use for fossil fuels have been decreased 
rapidly, while the demand for renewable energy and alternative energy has increased [2]. China is considered 
the largest importer and consumer of gasoline, whereas the United States of America and various other nations 
store tremendous amounts of fossil fuels necessary for use as energy from domestic resources, mainly because 
the populations in these nations require and use huge amounts of energy. Therefore, the effective use of energy 
in the present era is truly significant [3]. However, capability regarding the effective use of energy has not been 
fully applied, with every country all over the world required to search for guidelines in using energy with the 
most effectiveness to minimise the use of fossil energy and turn to using alternative and renewable energy 
sources including sunshine, wind, and water, as well as leftover agricultural products and other environmentally 
friendly means in order to accomplish the most effectiveness and efficiency. 

Thailand emphasises the importance and execution of energy conservation by supporting both the 
manufacture and use of domestic renewable energy as well as the lowering of energy resource importing, which 
also causes monetary loss and affects the country’s energy security. In addition, energy prices have a tendency 
to increase and fluctuate. This is because the continuing reduction of fossil fuel margins has an effect on price 
fluctuations to be more severe. Above and beyond the non-existence of good management, it also interrupts the 
country’s economy [4].Thailand is an agricultural-based country with good soil for fruitful planting. Thus, there 
are a lot of resources from leftover agricultural products such as palm shells, coconut shells, rice hulls, corncobs, 
etc. These leftover products could be supplied to produce environment-friendly heat fuel for industrial 
applications at lower costs than fossil fuel. This would lead to the reduction of energy expenditure in the 
industry required for heat systems. All mentioned advantages point to biofuel as the optimal fuel, particularly 
since it could sustainably replace fossil energy used in large-scaled industrial plants, such as those factories that 
require heat for their manufacturing process. An alternative method for decision-making and development is by 
applying an AI technique to reach the intended break-even point of0 values to obtain essential information. 
From the experiment of the sample group, which is dyeing factories, the results showed achievement as 
expected. It was found that palm shell fuel could achieve a No.1 break-even point close to 0, conveying that any 
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factory using palm shell as fuel for boilers would attain a good break-even point. Furthermore, comparing coal, 
bunker oil and natural gas found that bunker oil had break-even point the farthest from 0 values. 

From this study, it was found that the advantage of alternative energy analysis is to have the Fuel 
Analysis Programme as an alternative for selecting optimal energy to be used in industrial factories. The 
programme could perform accurate calculations for the comparison of coal, bunker oil, natural gas and biofuel, 
consequently encouraging factories to effectively decide to use biofuel. 

 

 

 

 

 

 

 

 

     

Fig. 1.  How artificial neural networks work 

Fig. 1. Illustrates how artificial neural networks work through the use of computer programme to 
simulate how the human brain functions. It comprises mathematical modelling with the function of information 
processing. Inside a computer, neurons are similarly comprised of input nodes and output nodes, with each input 
node simulated to have a weight as the determinant of input weight. Each unit of neuron has a threshold value to 
determine the value of total weight for input to capably fire and trigger output to other neurons [ 6]. When 
connecting all neuron units to work in conjunction, logically, this operation is similar to the chemical reactions 
that occur in the human brain. The programme displays the results using numbers. 

Methodology 

Preparation Procedures: 

1) Study involving documents and researches: Starting from applying breadth-first search to study 
information in the direction set to search each layer of the tree structure, beginning from root node; then 
applying depth-first search to study and research through the direction of the tree structure, starting from root 
node at the top, then exploring to the deepest node. Furthermore, blind search is search from one node to another 
node based on direction, as the search determinant is also applied. 

2) Contact of organisations and collection of necessary data: The following steps were carried out - 
coordinating with dyeing factories to collect required data about steam boilers and non-renewable fuel 
consumption, followed by selecting dyeing factories located in the perimeter zone as the sample group. After 
that, collecting data related to potential values of many types of fuels was done, followed by analysing all data 
collected and measuring values from equations. The calorific value is the amount of heat produced by the 
combustion of a fuel obtained during fuel combustion by cooling such complete combustion to reach the 
atmosphere temperature level, its unit is kJ/kg or kJ/m³ and its values are classified into High Heat Value (HHV) 
and Low Heat Value ( LHV). The calorific value including heat is called steam condensation releasing from 
smokestack. Low Heat Value (LHV) is calculated using the following equations: 

LHV = HHV – mwhfg         (1) 

LHV = HHV – 9mH2hfg         (2) 

Where as mw   is the steam mass produced by combustion per 1 unit of fuel 

mH2  is the mass of hydrogen atom in 1 kilogram of fuel obtained from the analysis of fuel 
components in the laboratory in order to know %C, %H, %O, %N, %S and %Ashes 

Number 9  is the ratio for molar mass of water per hydrogen 

hfg is the hidden calorific value of steam evaporation or condensation at partial pressure 
in a substance produced by combustion 
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All combustion is classified into the 3 following types: 

1) Complete Combustion: 

-Balanced chemical equation resulting in the most effective combustion: 

C + O2 = CO2 + HEAT          (3) 

2H2 + O2 = 2H2O + HEAT         (4) 

S + O2 = SO2 + HEAT          (5) 

Where CO2   Carbon Dioxide 

2H2O  Complete combustion is the combustion of substances having fuel produced by water and 
carbon dioxide as the product substance: 

SO2  Sulphur dioxide 

S  Solid 

2) Incomplete combustion due to excess air: The equation underneath the figure demonstrates that, 
after the reaction, its equation is CO2 + 2H2O + 0.4O2 + N2 + ppm CO + ppm H2 + NOX, with gas non-existent 
in the balanced chemical equation such as 0.4O2, ppm CO, ppm H2, NOX, causing energy loss and subsequently 
resulting in the reduction of energy output. 

3) Incomplete combustion due to excess fuel consumption: The equation underneath the figure 
demonstrates that its equation after the reaction is 0.6CO2 + 1.6H2O + 0.4CO + 0.4H2, with gas non-existent in 
the balanced chemical equation such as 0.4CO, 0.4H2, causing energy loss and the subsequent reduction of 
energy output. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 2. Artificial neural network structure of the loaded file 
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Fig. 2. Illustrates their typical neural network structure of the loaded file, which shows the weight of 
connections between each node. Its structure is comprised of3 layers as follows: 

The 1st Layer is called the “Input layer”. All nodes are green, which are loads of attributes and comprised of 
input, heat value, moisture, fixed carbon and volatile matter; 

The 2nd Layer is called the “Hidden layer”. All nodes are red, which are comprised of attributes divided into 3 
nodes such as ashes, price and pollution value; 

The 3rd Layer is called the “Output layer”. All nodes are yellow and show values. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Internal calculation of each node in the artificial neural networks 

Fig. 3. is divided into 2 sub-processes as follows: 

1) Sum calculation: In this stage, node values are multiplied by a weight in each connection and then 
summed up as the final value; 

2) Output calculation by applying activation function: The function applied is the sigmoid function, 
which is a mathematical function having a characteristic "S"-shaped curve and its function as1/(1+e-x); 

3) Creation of tools for data research and analysis: Collecting and analysing data obtained from the 
study and research; Programming the development of the Artificial Intelligence (AI) for the selection of fuel 
consumption using the theory of genetic algorithm, as shown in the flow chart in Fig 2. 
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Fig.  4. Calculation Steps 

4) Programme test using data analysed and obtained from site visits at dyeing factories located in the 
perimeter zone: Interviewing for data collection and applying fuel data collected from industrial plants 
consuming non-renewable fuels such as coal as the main fuel for steam boilers. Additionally, the interviews 
focused on the processes of fuel selection, data collection and analysis for application in the programme test. 

5) Application of AI programme by using Matlab in code writing for input and target data, followed by 
creating a train programme FNN to analyse and compare data relating to each type of biofuel. In this section, 
performance analyses a number valued between data and output to reach 0 the most. 
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II. Analysis Tools and Methods 

1) For the FNN programme, which was created using Matlab, it shows 3 components of functions on 
the screen. The first component is a train programme, which imports data and analyses input and target detain 
excel file format. It is a part of the programme training to receive data similar to the human brain. The second 
component is called Find Each Worthiness, which inputs data for single-data analysis. The last component is 
called find best worthiness (File), which analyses data of best fuel acquisition by ranking as numbers in order to 
know the best fuel value analysed by the programme, as shown in Figure6. 

 
Fig. 6. Window showing all three components of the programme 

2) As shown in Figure7, all data for the 3 components were input and hidden, which played a role in 
data connection, data division selection of bayesian regularisation variables by determining the value, and 
performance specified mean square error to reach “0” the most. The programme could be input by a maximum 
1,000 set of data to train the brain. all data was collected from 10 dyeing factories in the central region, which 
tested fossil fuel consumption. Additionally, the data set was managed into 7 nodes containing calorific value 
(MJ/Kg), humidity (%), fixed carbon (%), volatile matter (%), Ashes (%), price (Baht/ton) and air pollution (%). 

Hidden    Output 

                  
Input 

 
 

Fig. 7. Input, Hidden and Output of the programme 

3) The target was set to determine the value of the train programme on neural networks, while data was 
processed by allowing performance to achieve “0” the most to simulate the functions of human neural networks. 
It is the train programme for supervised learning, which is learning with answer checking to enable artificial 
neural networks to adjust. A set of data applied for training artificial neural networks has answers for checking 
whether or not the neural networks respond correctly. If the answer is incorrect, a neural network will adjust 
itself for a better answer. The train programme FNN is the creation of a learning relationship for the best results, 
which is the closest to actuality. The programme could produce no less than 1,000 sets of data for data accuracy 
and acceptance. 
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Fig. 8. shows the break-even point for coal fuel consumption compared to other types of fuels in industrial plants through the use of the 
FNN Programme. 

From Fig. 8. y-axis was set as the break-even point for fuel and x-axis was set as the fuel consumed in 
textile manufacturing plants. The data was tested with the FNN programme and the results showed that the 2nd 
plant consuming palm shell fuel as the fuel for steam boiler achieved the No. 1 break-even point, which was 
close to 0 according to the programme test. Meanwhile, the coal fuel ranked No. 24 for break-even point. In case 
of the programme test for bunker oil (Grade C), the 8th plant was found to have its break-even point the most 
distant from0, meaning that the break-even point of bunker oil (Grade C) was lower than palm shell fuel when 
comparing the calculations between many types of fuel. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9. shows the break-even point for bunker oil consumption compared to other types of fuels in industrial plants through the use of the 
FNN Programme. 

Fig. 9.  Illustrates the relationship between bunker oil and other types of fuels by using the test of FNN 
programme. Artificial neural networks simulate the human brain through mathematical analysis. It was clearly 
perceived that the bunker oil was distant from 0 by being ranked at No.17, whereas palm shell fuel was ranked 
at No. 1 with its value the closest to 0. The gap between them was 16 ranks, which obviously explained that any 
value close to0 shall have the highest break-even point. If the ERROR value is close to0, it means the least error 
value. 
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Fig. 10. Displays the break-even point for general gas fuel consumption compared to other types of fuels in industrial plants through the use 

of the FNN Programme. 

Fig. 10. Illustrates the relationship between bunker oil and general gas fuel by using the test of FNN 
Programme. Artificial neural networks simulate the human brain through mathematical analysis. It was clearly 
seen that bunker oil was far from 0 by being ranked at No.26, whereas palm shell fuel was ranked at No. 1 with 
its value the closest to 0. Both were separated from each other by 25 ranks, which clearly explains that any value 
close to0 shall have the highest break-even point. If the ERROR value is close to 0, it means the least error 
value. 

III. Conclusions 

The artificial neural network model simulates by setting a weight for each input as the weight 
determinant. each unit of neuron has a threshold value to determine the value of input’s total weight to capably 
fire and trigger output to other neurons. Each unit of neuron has a threshold value to determine the value of an 
input’s total weight, then fire and trigger to output. The required data is obtained by setting the target of a break-
even point to reach0. The test of sample textile plants could be achieved for their results as forecast. It was 
found that palm shell could attain the No. 1 break-even point when comparing all 3 types of main fuels, meaning 
that the plant selecting palm shell as fuel for steam boilers would enjoy cost effectiveness. When comparing the 
various types of fuels consumed by industrial plants, it was found that bunker oil was remote from 0values. 

The analysis of main fuels used in the programme test enabled the realisation of the external 
environment problems and all 7 nodes of factors to be calculated were calorific value (MJ/kg), humidity (%), 
fixed carbon (%), volatile matter (%), ashes (%), price (Baht/ton) and air pollution (%). In addition, natural gas 
was also found to have a problem concerning thorough usability because the transportation system requires 
extension of the pipes, affecting rather high expenditure. The fuel itself was also found to be a transportation 
problem, which involves trucks used and driven for long distances. The problem of truck inadequacy potentially 
occurs if there is a critical case. Further, coal is required to be imported from overseas, causing many problems 
such as transportation, financial leakage to foreign countries and pollution. 

The advantage of this alternative fuel analysis is the acquisition of a fuel analysis programme, which 
could be an alternative for industrial plants to select fuel for consumption. The calculation programme is also 
accurate for comparison. When comparing coal, bunker oil, natural gas and biofuel, the results enable plants to 
easily and conveniently select the most appropriate biofuel for their desired consumption needs. 
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