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ABSTRACT

Rural electrification is a key factor in ensuring sustainable development, economic growth, and
improved living standards in underdeveloped regions. However, many remote villages lack access to
reliable electricity due to their distance from the national grid and high infrastructure costs. This paper
explores the feasibility of utilizing biogas as an alternative, sustainable energy source for electricity
generation to connect rural villages. Biogas, produced through the anaerobic digestion of organic

KEYWORDS

Biogas, rural electrification,
renewable energy, village
connectivity, microgrid, sustainable
development, electricity generation.

matter such as agricultural waste, livestock manure, and human waste, offers a renewable and eco-
friendly solution. By harnessing local resources, rural communities can achieve energy self-
sufficiency and reduce dependency on fossil fuels. This system provides not only electricity but also
enhances waste management and generates by-products like bio-fertilizer, promoting a circular

economy.

1. INTRODUCTION

In the quest for sustainable energy solutions, biogas has emerged
as a promising option, especially for rural electrification. Biogas
is derived from the anaerobic digestion of organic matter, such as
agricultural waste, livestock manure, and human waste, offering
a renewable and eco-friendly energy source [1]. This
decentralized form of energy generation can address the
electricity needs of remote villages, where extending national
grids may be cost-prohibitive and inefficient. However, to
optimize the efficiency, reliability, and scalability of biogas-
based energy systems, the integration of Internet of Things (10T)
technology is becoming increasingly vital [2].

IoT offers a transformative approach to the management and
operation of biogas electricity generation systems. Through the
deployment of sensors, real-time data collection, and cloud-based
analytics, loT-enabled systems allow for automated monitoring,
predictive maintenance, and dynamic energy distribution. 10T
devices can measure parameters such as temperature, pressure,
gas production levels, and equipment performance, ensuring that
the biogas system operates at peak efficiency [3]. Additionally,
loT platforms can provide real-time data on energy consumption
patterns in rural areas, allowing for more accurate demand
forecasting and load balancing.

For biogas plants in rural villages, 10T integration can enhance
operational transparency and make the systems more user-
friendly. By enabling remote monitoring and control, 10T systems
can alert operators to potential failures, thus reducing downtime
and maintenance costs [4]. Furthermore, 10T applications allow
local energy producers to integrate their output with microgrids,
making energy distribution more flexible and responsive to
fluctuations in demand.

© 2025 The Author(s). Published by ISVE, Ranchi, India

The ability to monitor biogas plant performance remotely also
encourages community participation in energy management,
fostering a collaborative approach to rural electrification [5].
The integration of 10T into biogas energy systems provides
several benefits: improved system reliability, optimized energy
production, enhanced scalability, and reduced operational costs.
With loT-based smart grids, rural communities can take
advantage of real-time data to ensure a more efficient energy
flow, ultimately contributing to rural electrification and
sustainable development goals [6].

1.1 Importance of Biogas for Electricity Generation

Biogas primarily consists of methane (CH4) and carbon dioxide
(CO2), with traces of hydrogen sulfide (H2S) and other gases. The
high methane content makes biogas an excellent fuel for
electricity generation in combustion engines, gas turbines, and
fuel cells. Compared to fossil fuels, biogas-based electricity
generation results in lower greenhouse gas emissions, making it
an environmentally friendly option [7]. Additionally, biogas
production promotes waste management, reduces landfill use, and
helps generate organic fertilizer [8].

1.2 The Role of 10T in Renewable Energy

The Internet of Things (IoT) is revolutionizing many sectors,
including energy, by providing real-time monitoring, control, and
data analytics. In biogas plants, 10T enables remote monitoring of
gas production, operational parameters, equipment performance,
and environmental conditions [9]. This integration enhances
operational efficiency, reduces downtime, and enables predictive
maintenance, leading to optimized electricity generation [10].
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2. BIOGAS PRODUCTION TECHNOLOGY

The core of biogas production lies in anaerobic digesters, where
organic matter is fed into an enclosed system to undergo
microbial breakdown. The efficiency of this process is affected
by several parameters, including temperature, pH levels, retention
time, and organic load. 10T technology has been introduced to
monitor these parameters in real-time using sensors, enabling
operators to optimize the conditions within the digester[11].
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Fig. 1: Flowchart of electricity generation [10]

loT-based sensors can continuously collect data related to biogas
yield, methane concentration, and feedstock input, which can then
be analyzed to improve production efficiency [12]. By ensuring
that the anaerobic digestion process is running under optimal
conditions, 10T systems can increase methane output and reduce
operational costs. Additionally, loT platforms can predict
maintenance needs, reducing the risk of system failures [13].

3. ELECTRICITY
TECHNOLOGIES

GENERATION

Biogas is converted into electricity using several technologies,
including:

3.1 Internal Combustion Engines (ICESs)

Internal combustion engines are the most widely used technology
for converting biogas into electricity. Biogas is combusted in an
engine to produce mechanical energy, which is then converted
into electrical energy through a generator. With 10T integration,
sensors can track engine performance metrics such as fuel
consumption, engine temperature, and emissions. This real-time
monitoring enables predictive maintenance, ensuring that the
engine operates efficiently without unexpected downtime .

3.2 Gas Turbines

Gas turbines are more suitable for large-scale biogas plants. In this
system, biogas is compressed and used to drive a turbine, which
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generates electricity. 10T systems can optimize gas flow, turbine
speed, and exhaust gas parameters to maximize efficiency and
minimize energy loss. Furthermore, loT-based predictive
analytics can anticipate turbine malfunctions, improving the
overall reliability of the system.

3.3 Microturbines

Microturbines are a smaller-scale technology ideal for distributed
energy generation in rural areas. They are highly efficient and
suitable for low-to-medium biogas volumes. loT-based control
systems in microturbines monitor operational parameters such as
combustion quality, electrical output, and heat recovery, which
enhances their performance and reduces operational costs.

3.4 Fuel Cells

Fuel cells offer a cleaner and more efficient method for electricity
generation using biogas. In this technology, biogas is reformed
into hydrogen, which then reacts with oxygen in a fuel cell to
produce electricity. 10T integration can play a crucial role in
managing the complex chemical reactions within the fuel cell,
monitoring gas composition, and ensuring safe operation. This
technology is still emerging but holds significant potential for
decentralized biogas-based energy systems[14][15].

4. loT APPLICATIONS IN
ELECTRICITY GENERATION:

BIOGAS

4.1 Remote Monitoring and Control

10T enables real-time monitoring of various parameters in a
biogas plant, including biogas flow rate, pressure, temperature,
and gas composition. Sensors placed throughout the plant
transmit data to a central system, allowing operators to monitor
plant performance remotely. This ensures timely intervention in
case of any abnormalities and enhances plant safety.

4.2 Predictive Maintenance

loT-based predictive maintenance systems analyze data from
equipment such as generators, engines, and compressors to
predict potential failures before they occur. By continuously
monitoring vibrations, temperatures, and wear patterns, 10T can
detect anomalies and notify operators to perform maintenance,
reducing downtime and extending equipment lifespan.

4.3 Process Optimization:

lIoT systems enable real-time data analysis for optimizing the
anaerobic digestion process. Machine learning algorithms can be
used to predict the optimal conditions for maximum biogas
production, such as ideal pH levels, temperature, and organic
loading rates. This ensures the plant operates at peak efficiency,
maximizing electricity generation.

4.4 Environmental Monitoring

Biogas plants are subject to environmental regulations related to



emissions, waste management, and safety. loT-enabled
environmental monitoring systems track air quality, water usage,
and emissions, ensuring compliance with regulations. This helps
in reducing the environmental impact of biogas plants[16][17].

5. RELATED WORKS

Several biogas plants across the world have successfully
integrated loT systems to improve efficiency and optimize
performance. In this section, we discuss a few case studies:

IEA Bioenergy: Biological Methanation Demonstration Plant in
Allendorf, Germany[18]: has provided the insight related to the
biogas plant in Germany. Germany has been a leader in renewable
energy, and Bavaria is a key region where biogas plants are being
integrated with 10T to enhance efficiency. One of the most
successful implementations involves the use of loT-enabled
sensors to monitor digester parameters like gas flow, pressure,
and temperature. 10T systems enable automatic adjustments in
feeding regimes and real-time monitoring of generator efficiency.
This has resulted in more stable and efficient energy production.
The smart management system has also enabled remote access for
plant operators, reducing manual interventions and improving
reliability.

10T Sweden. (n.d.). We are 10T Sweden [19] and IEA Bioenergy
Task 37. (2020) [20] provides the insights of progress and
development of iot industry in Sweden. In Sweden, 10T has been
integrated into large-scale biogas plants to improve system
automation and maintenance. Sensors monitor the anaerobic
digestion process, tracking temperature, gas concentration, and
feedstock levels to maintain optimum biogas production. 10T data
is analyzed through cloud-based platforms, enabling real-time
adjustments to operational parameters and predictive
maintenance, which reduces downtime and maintenance costs.
This system has been applied in rural areas, enhancing the
efficiency of microgrids powered by biogas.

Kenya Renewable Energy Association (KEREA). (n.d.). Biogas
Systems in Kenya [21] and GIZ & CAGE Technologies. (2010)
[22]. Distributed Renewable Energy Solutions provides the
information about the rural development project in Kenya. A pilot
project in Kenya involved the use of 10T in community-based
biogas systems. Here, loT-enabled sensors were used to monitor
small-scale biogas digesters installed in rural villages. The loT
system allowed real-time monitoring of gas production and
electricity usage, providing valuable data for optimizing resource
allocation. The project has demonstrated that loT integration can
significantly improve the reliability and sustainability of rural
energy systems in off-grid areas.

Huang, J., Wang, Y., & Zhang, X. [23] proposed the iot solution
for development in China and United Nations Economic and
Social Commission for Asia and the Pacific (UNESCAP)
provides the insight into the rural development in China [24]. In
rural China, biogas plants serving small farming communities
have integrated 10T for more efficient electricity generation. 10T
sensors monitor biogas production and gas composition in real-
time, while cloud-based platforms track energy demand and

1575

supply. This integration has led to improved load balancing and
reduced energy waste. Furthermore, the predictive maintenance
features enabled by loT have extended the lifespan of the
equipment, lowering operational costs and enhancing the viability
of biogas as a renewable energy source for rural electrification.

Zala, J. N., & Jain, P. [25] proposed about the work of iot plant in
India. India has explored integrating loT with biogas hybrid
systems in rural electrification projects. A case study from the
state of Maharashtra involved an loT-enabled microgrid that
combined biogas, solar, and wind energy. Sensors continuously
monitored energy production from biogas digesters, optimizing
gas flow and adjusting generator output to meet local demand.
IoT integration significantly improved the efficiency and
reliability of the microgrid, enabling uninterrupted power supply
in areas previously underserved by the national grid.

6. PROPOSED WORK

6.1 Biogas Production System:
Biogas Digester, Feedstock, Water Supply System, Gas
Collection and Storage, Gas Purification System.

6.2 Electricity Generation System:
Biogas Engine or Generator, Inverter (if required), Battery
Storage (optional), Power Distribution System.

6.3 10T Monitoring and Control System:
Sensors: Gas Pressure Sensors, Methane Gas Sensors,
Temperature Sensors, Flow Sensors, pH Sensors, Electricity
Generation Sensors.
Microcontroller used: ESP8266.
Actuators: Valves, Heating Elements
Blynk App: For remotely controlling the working of sensors.

Microcontroller

Biogas plant

Blynk Cloud:

Fig 2: 10T Controlled Biogas Plant Workflow
7. BENEFITS OF IOT INTEGRATION

The incorporation of 10T into biogas production and electricity
generation offers several advantages:



7.1 Optimized Performance:

loT-driven automation ensures that all components of the biogas
production and electricity generation system operate at peak
performance by continuously adjusting settings based on real-
time data [18].

7.2 Energy Efficiency:

loT platforms allow for dynamic energy distribution, ensuring
that electricity is directed to where it is needed most and reducing
wastage.

7.3 Remote Access and Monitoring:

Operators can remotely access system performance data, making
it easier to manage decentralized rural biogas plants [19].

8. CHALLENGES AND FUTURE PROSPECTS

8.1 Challenges

Despite the promising potential of 10T integration in biogas-based
electricity generation, there are several challenges:

8.1.1  Cost: The initial investment in 10T technology,
sensors, and data infrastructure can be high, particularly
for small-scale biogas plants.

8.1.2 Data Security and Privacy: 10T systems are
vulnerable to cyberattacks, which could compromise
plant operations and lead to data breaches.

8.1.3 Technical Expertise: Implementing and
managing loT systems requires technical expertise, which
may not be readily available in all regions.

8.14 Connectivity Issues: In remote or rural areas
where biogas plants are often located, poor internet
connectivity can hinder the implementation of loT
systems[20][21].

8.2 Future Prospects

The integration of loT with biogas electricity generation is
expected to grow as 0T technologies become more affordable
and accessible. Advances in artificial intelligence (Al) and
machine learning (ML) will further enhance the capabilities of
IoT systems, enabling smarter, more efficient biogas plants.
Additionally, the rise of smart grids and energy storage solutions
will complement the biogas-l1oT ecosystem, making it a key
player in the future of renewable energy[22].

9. CONCLUSION

The combination of biogas and 10T offers a powerful solution for
sustainable and efficient electricity generation. 10T enhances the
operational efficiency of biogas plants by enabling real-time
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monitoring, predictive maintenance, and process optimization.
While challenges such as cost and connectivity remain, the future
of loT-enabled biogas electricity generation looks promising,
with potential to play a significant role in global renewable energy
strategies.

Biogas production and electricity generation technologies are
critical in addressing the energy needs of rural villages. By
integrating loT technology, the efficiency and reliability of
biogas-based systems can be significantly enhanced, resulting in
sustainable, low-cost, and accessible energy solutions. 10T's
ability to provide real-time data and predictive analytics is key to
maximizing biogas production and electricity generation, making
it an ideal approach for rural electrification.
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