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Abstract: The treatment of palm oil mill effluent (POME) through anaerobic digestion proposes a sustainable corresponding for renewable energy production in the form of methane-rich biogas. However, the performance of this process is highly dependent on several operational parameters including pH, temperature, and recirculation ratio which under industrial conditions can fluctuate. Conventional modelling approaches are limited in capturing complex and nonlinear interactions among these variables. (Find from the Styles and use the Abstract style)
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Introduction (Use Section Level 1 style)
Palm oil mill effluent (POME) is a liquid waste produced during manufacturing process of crude palm oil (CPO). Yong et al. [1] states that only 21% of Fresh Fruit Brunches (FFB) are converted into CPO, while the remaining 79% considered as waste. POME is formed up of three main sources: sterilization process, digestion process and clarification process. As a major wastewater stream from palm oil mills, POME poses considerable environmental risk to water quality if released directly into water bodies without an early treatment system [2]. (For the first paragraph after a section heading use the Text 1st para style. Subsequent paragraph should use Text 1 style).
Use reference format IEEE, for examples:
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	G. T. X. Yong, Y. J. Chan, P. L. Lau, B. Ethiraj, A. A. Ghfar, A. A. A. Mohammed, M. K. Shahid and J. W. Lim, "Optimization of the performances of palm oil mill effluent (pome)-based biogas plants using comparative analysis and response surface methodology," Processes, vol. 11, no. 6, p. 1603, 2023. 
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	A. Panagopoulos and K.-J. Haralambous, "Minimal Liquid Discharge (MLD) and Zero Liquid Discharge (ZLD) strategies for wastewater management and resource recovery–Analysis, challenges and prospects," Journal of Environmental Chemical Engineering, vol. 8, no. 5, p. 104418, 2020. 




Materials and Methods
Data Source and collection (Use Section Level 2 style)
Data were obtained from a full-scale biogas plant in Pahang, Malaysia, utilizing POME as substrate. Operating parameters such as pH (7.0–7.2), temperature (35.8–42.5°C), and recirculation ratio (0.76– 3.6) were varied, with methane yield and H₂S concentration measured. The industry data used was extracted from the Supervisory.
Development of ANN model

Data pre-processing (Use Section Level 3 style)
The dataset was then normalized using the ‘mapminmax’ function (–1 to 1) in MATLAB 2022a to enhance model training and numerical stability. It was randomized and split into 70% training, 15% validation, and 15% for testing to avoid any bias in estimating predictive accuracy.
The prediction accuracy can be evaluated using the Mean Average Error (MAE) defined as follows:
	
	(1)


Where ,  and  denotes the number of samples, experimental value and predicted value, respectively. The subscript  indicate the sample number. (When the text is a continuation from the existing paragraph but separated by an equation or a figure, use Text 2 style). For the equation use the Equation style. To preserve the desired fonts in the equation, the equation can be written in a table with two columns. The first column contains the equation expression while the second column for the numbering. For convenience, authors can simply copy and paste the table above, and edit the equation as necessary.)

The training algorithms used in this study is shown in Table 1.
Table 1. Types of training algorithms. (Use the Table Caption style)
	Training Algorithm (Use the Table heading style)
	
	Description 

	'trainlm' (Use Table content style)
	
	Levenberg-Marquardt 

	'trainbr' 
	
	Bayesian Regularization 

	'trainbfg' 
	
	BFGS Quasi-Newton 

	'trainrp' 
	
	Resilient Backpropagation 

	'trainscg' 
	
	Scaled Conjugate Gradient 




[bookmark: _Hlk76302554]Results and Discussion
3.1. Analysis of the ANN model
To find the best ANN model, different training algorithms, numbers of hidden neurons, and transfer function combinations were tested. Box plots were used to illustrate each algorithm performed. As shown in Fig. 1, the Levenberg-Marquardt (LM), Bayesian Regularization (BR), BFGS Quasi-Newton (BFG).
Across all experiments, the Bayesian Regularization (BR) algorithm consistently produced small variation and high median prediction accuracy indicating superior learning efficiency and stability. Hence, BR was chosen for further evaluation of ANN model.
[image: ]
Figure 1. Boxplots showing (a) methane prediction accuracy (%) and (b) H₂S prediction accuracy (%) for various training algorithms.
To identify the optimal number of hidden neurons for the ANN model, trainbr was evaluated throughout the range of neurons from 1 to 20 with each model trained 50 runs to ensure consistency. Model performance was measured using four performance metrics as plotted and illustrated in Fig. 2 Among all configurations tested, the ANN model with 19 hidden neurons performed the best according to the evaluation metrics.

Conclusions
This study successfully developed and optimized an artificial neural network (ANN) model to predict methane yield and H₂S concentration using real industrial data from a palm oil mill anaerobic digestion (AD) system. Unlike previous studies that relied on Response Surface Methodology (RSM) and simulated datasets, this work used actual plant data without any pre-experimental design. Despite the limitations of working with a small dataset, the ANN model achieved strong training performance, with an R-value of 0.99625 and a low MAPE of 3.53%, showing that the model was able to learn complex nonlinear patterns and generate reliable predictions from real operational conditions. 
Future efforts should also investigate the incorporation of more process parameters like Organic Loading Rate (OLR), or Volatile Fatty Acid (VFA) concentrations to have a full representation of the biogas production process. Moreover, advanced techniques of machine learning such as cross validation could be applied to reduce the problem of overfitting and enhance generalization. Integrating these enhancements will further develop the ANN model into a more reliable and industrially practical tool capable of predicting methane yield and assisting in the optimization of anaerobic digestion processes.
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