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Abstract. 
 

The AI-Based Smart Biogas System automatically converts organic waste into renewable 

biogas and nutrient-rich biofertilizer. Sensors and microcontrollers monitor temperature, 

pH, and nutrient levels, while AI algorithms optimize anaerobic digestion. Compared with 

traditional systems, it improves biogas yield by approximately 30%. The biogas is purified 

through scrubbing for cleaner energy use, while the treated and oxygenated slurry serves as 

an enhanced biofertilizer. An IoT dashboard enables real-time monitoring and control, 

promoting clean energy, sustainable agriculture, and improved efficiency in rural areas. 
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1.  INTRODUCTION 

Anaerobic digestion sustainably converts organic waste into methane-rich renewable fuel 

and nutrient-rich biofertilizer. It is especially valuable in rural areas with abundant organic 

waste but limited energy access, addressing energy shortages, waste management, and 

environmental concerns [1], [2]. The resulting slurry also supports sustainable agriculture 

by reducing reliance on artificial fertilizers [3].Traditional biogas systems depend on manual 

monitoring and lack effective control of temperature, pH, gas composition, retention time, 

and feedstock variations, resulting in unstable microbial activity and inconsistent methane 

yield [4], [5]. IoT and AI enable real-time monitoring, prediction, and automated control [6]. 

Sensors collect process data, while LSTM and XGBoost models predict gas yield, detect 

abnormalities, and optimize digestion [7], [8].The proposed system integrates AI, IoT, water 

treatment, UV disinfection, and nutrient enrichment. It aims to increase methane production 

by approximately 30%, improve fertilizer quality, and provide remote monitoring through 

an Android dashboard [9]. This self-regulating solution promotes decentralized renewable 

energy, sustainable agriculture, and rural empowerment. 

2.      LITERATURE SURVEY 

 IoT-based biogas monitoring systems improve efficiency by enabling real-time tracking of 

temperature, pH, and gas production [1], [2]. However, they mainly focus on data collection 

and often lack predictive capabilities. Machine-learning techniques address this limitation 

by modelling complex relationships between input parameters and biogas yield, thereby 

improving system accuracy and performance [9]. Time-series models such as LSTM 
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effectively predict biogas production trends, while ensemble-learning methods such as 

XGBoost provide reliable classification and regression results [3], [10]. AI-based 

optimization further improves anaerobic digestion by enabling better control of process 

parameters [8]. IoT-enabled systems have also been integrated with agricultural applications 

to promote the use of biogas slurry as an organic fertilizer [4]. 

2. PROPOSED SYSTEM/METHODOLOGY 

• Input and Mixing: Organic waste is collected and mixed to form a uniform slurry. 

• Monitoring and Digestion: Sensors monitor the digester’s temperature, pH, and 

turbidity to support efficient biogas production. 

• Biogas Purification: The produced biogas is water-scrubbed to obtain cleaner 

methane. 

• UV Disinfection: UV light removes harmful bacteria from the residual slurry. 

• Enrichment: Oxygenation and continuous NPK monitoring improve the slurry’s 

nutrient content. 

• Output Processing: The enriched slurry is dried or pelletized into nutrient-rich 

biofertilizer. 

• Monitoring and Control: An IoT-based Android application enables real-time 

monitoring and control. 

3. ARCHITECHTURE 

 

Figure 1. System Architecture 

The proposed AI-based smart biogas system converts cow dung, kitchen waste, and 

agricultural residues into methane-rich biogas and biofertilizer. An anaerobic digester uses 

sensors to monitor temperature, pH, turbidity, and pressure, while LSTM and XGBoost 

predict gas yield and control system components. Water scrubbing improves methane 

quality. Digestate undergoes UV disinfection, oxygenation, and nutrient monitoring for 

fertilizer production. An IoT-enabled Android dashboard supports remote monitoring and 

control, providing a scalable solution integrating waste management, renewable energy, AI, 

and sustainable agriculture. 

4. MATHEMATICAL MODEL 

The following is a mathematical representation of the system: 

Sensor Data Acquisition:        



 
 
 
 

                                            𝑆(𝑡) = [𝑇(𝑡), 𝑝𝐻(𝑡), 𝐺(𝑡), 𝑁(𝑡)]                                          (1) 

Preprocessing:           

                                                         𝑆’ =  𝜓 (𝑆)                                                                (2) 

Prediction Model (Hybrid):        

                          𝑌 = 𝑓 𝐿𝑆𝑇𝑀(𝑆’)  +  𝑓 𝑋𝐺𝐵(𝑆’)                                                  (3) 

Output Optimization:          

                                     𝑶 = 𝒈(𝒀)                                                                     (4) 

Where:  S(t) = Sensor data (temperature, pH, gas, nutrients), S’ = processed data , Y = 

predicted biogas yield/efficiency ,O= optimized output (biogas + biofertilizer).     

5. RESULT ANALYSIS 

The proposed system addresses conventional biogas limitations through IoT- and AI-based 

monitoring and control. Real-time sensors monitor key parameters, while LSTM and 

XGBoost models predict biogas yield and improve process efficiency. Purification and UV 

disinfection enhance biogas and biofertilizer quality, while the IoT dashboard enables 

remote monitoring and automation. However, system performance depends on sensor 

accuracy and data quality. 

 

 

 

 

 

Figure 3. Temperature vs Time Graph     Figure 4. Methane Concentration vs Days Graph 

 

 

 

 

 

 

Table 2. Bayesian Correlation Analysis for a Smart and Sustainable Biogas System 

Using AI 

6. CONCLUSION 

The conclusion from the above system description states that it is an AI-based smart biogas 

system that combines IoT, LSTM, and XGBoost for real-time monitoring and optimization, 



 
 
 
 

presented in this paper. The technology further ensures improved process stability and output 

quality while increasing biogas production efficiency by about 30%. Purification, 

disinfection, and enrichment procedures are added to improve the overall sustainability and 

efficacy of the system. The future work focuses on expanding the dataset with diverse real-

world scenarios, integrating multi-sensor data, developing lightweight edge-AI models, and 

implementing adaptive learning for continuous system improvement. 
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