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Abstract: This paper presents a design for a compact, Arduino-controlled biogas plant with a 20-liter capacity.
The system has a main chamber along with 4 liters of buffer storage. The system is equipped with three
manual valves and a solenoid valve, along with a pressure and a methane sensor. A 3D printed user interface
is also provided with a screen and two buttons. The system prioritizes safety through the integration of a
pressure sensor and a methane sensor. If either sensor surpasses a designated threshold (4 bars for pressure),
a solenoid valve automatically opens, releasing excess gas. A 16x2 LCD display provides real-time pressure
and methane concentration readings. User interaction is facilitated via a two-button remote control. One
button enables automatic control, while the other allows for manual operation. A 3D-printed tangible user
interface enhances the user experience. This design offers a user-friendly, safe, and efficient solution for
small-scale biogas production.

Keywords: semi-automatic biogas plant, methane sensor, pressure sensor, solenoid valve, user interface,
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1. INTRODUCTION

Biogas waste is one of the most useful resources on the planet. It is observed that kitchens in Indian households
generate Kitchen waste, which can be used to generate biofuel, which can be reused to generate cooking gas,
and we all know that India has set net zero by the end of 2040 so it is advisable to save the natural resource
and make use of the sustainable resource, making biogas a sustainable option to use in daily cooking. Semi-
automatic biogas plants offer a potential middle ground between manual and fully automated systems for
biogas production. This review examines the current state of research on semi-automatic biogas plants,
focusing on their advantages, limitations, and potential for wider adoption. Advantages: Reduced Labor:
Compared to manual feeding and cleaning, semi-automatic systems can significantly reduce labor
requirements [1,2]. This is particularly advantageous for larger-scale applications like farms or communities.
Improved Efficiency: Automation of certain tasks can optimize feeding schedules and digester conditions,
potentially leading to increased biogas yield [3,4]. Enhanced Safety: Automation can help manage pressure
buildup and gas leaks, improving overall safety during operation [5,6]. Limitations: Cost: The initial
investment for a semi-automatic plant is likely higher than a manual system [7,8]. Complexity: These systems
may require more technical expertise for operation and maintenance compared to manual plants [9,10].
Energy Dependence: Some levels of automation may rely on external power sources, which could be a
challenge in off-grid locations [11,12]. Future Potential: Research suggests that semi-automatic biogas plants
can be a viable option for improving biogas production efficiency while reducing manual labor requirements.
Further advancements in automation technologies and cost-effective designs could enhance their appeal for
wider adoption, particularly in rural and semi-urban areas. The incorporation of sensor technology into small
biogas plants presents exciting possibilities for improved efficiency, operation, and safety. Here, we explore
the potential of sensor integration in this context. Benefits of Sensor Integration: Process Monitoring:
Sensors can continuously monitor crucial parameters like temperature, pH, and biogas composition within
the digester [13,14]. This real-time data allows for adjustments to feedstock composition or digester
conditions to optimize biogas production. Early Warning Systems: Sensors can detect potential issues like
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pressure build-up or gas leaks, enabling preventative measures to ensure safe operation [15,16]. Remote
Management: By integrating sensors with communication modules, operators can remotely monitor and
control small biogas plants, which is particularly beneficial for geographically dispersed installations [17,18].
Challenges and Considerations: Cost: The initial cost of sensor integration may increase the overall cost of
a small biogas plant [19,20]. Balancing affordability with the benefits gained is crucial. Power Supply:
Sensor operation may require an external power source, which could be a challenge in off-grid locations
where the biogas plant itself aims to provide energy [21] . Data Management: The real-time data generated
by sensors needs to be effectively stored, analyzed, and translated into actionable insights for users with
varying technical expertise [22]. Future Direction: Research suggests that sensor integration in small biogas
plants holds promise for enhanced performance and user experience. Continued development of low-cost,
energy-efficient sensors, coupled with user-friendly data visualization tools, can make these plants more
attractive for wider adoption, particularly in rural and developing communities.

2. PROBLEM STATEMENT AND METHODOLOGY

Conventional biogas plants can be large and complex, limiting their accessibility for individuals or small
communities. Additionally, safety concerns arise due to potential pressure buildup and methane accumulation.
This project aims to address these limitations by developing a compact, user-friendly, and safe biogas plant
suitable for small-scale applications. This research proposes an Arduino-controlled biogas digester with a 20-
liter capacity. The system prioritizes safety by incorporating pressure and methane sensors. The Arduino
continuously monitors sensor readings [23-28]. If pressure exceeds 4 bar or methane concentration reaches a
predefined limit, a solenoid valve automatically opens, releasing excess gas and preventing hazardous
situations. For user interaction, a 16x2 LCD display provides real-time data on pressure and methane levels.
Furthermore, a two-button remote control allows users to switch between automatic (sensor-driven) and
manual control of the solenoid valve. A 3D-printed tangible user interface [29,30] complements the remote
control, offering a physical interaction point with the system. This combined approach creates a user-friendly
and informative experience.

3. EXISTING PRODUCT ANALYSIS

Table 1 shows a list of existing products with some basic information and challenges. Enhanced Safety
Features: While existing portable plants may have pressure relief valves, your design integrates both pressure
and methane sensors with automatic release via a solenoid valve. This two-pronged approach offers a more
robust safety system. User Interface and Control: Existing designs might have basic controls or gauges. The
current project incorporates a 16x2 LCD display for real-time data visualization and a two-button remote for
automatic/manual control. The 3D-printed tangible Ul adds a unique user interaction element not typically
seen in portable plants. Compactness and Scalability: Depending on existing designs, your 20-liter capacity
unit might be even more compact, making it suitable for even smaller spaces. Portability could potentially be
enhanced with a focus on weight and size optimization. Data Logging and Analysis: Explore if your design
can be extended to log sensor data for later analysis, potentially providing valuable insights into biogas
production.
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Table 1: Existing Product Analysis

Sr.No. |[Name of the Existing | Information Issue with the
Product existing product

1 Biotech India Nano Biogas | This is a small- [ Fully Manual, less
Plant: scale plant suitable | capacity, only

for households. It |single valve, No
claims to process | buffer storage
1-2 kg of organic

waste daily.
2 Zero Power 1 m3 FRP | This FRP (Fiber- | No user interface,
Domestic Biogas Plant: reinforced plastic) | No pressure
plant is another | sensor, No
domestic option. It | indication of
offers minimal | Methane gas

operating costs and | values
a lifespan  of
around 15-20 years

3 GreenHome Biogas Plant: This  plant  is|Big in size, less
(Koshishindia) another domestic | storage, no buffer
biogas solution | storage, No
offered by Koshish | emergency
Sustainable pressure valve /

Solutions.  They [ cut-off
highlight its waste
management and
clean energy
generation
capabilities

4. EXPERIMENTAL SET-UP

In Fig. 1, it is observed that a 20 liter storage tank is used, which is connected with various valves, whose
functional condition is mentioned in the table. The first valve, v1, is used to control the main flow of the gas
directly from the storage tank. Valve v1 is connected with valve v2 in series, which ensures that the gas
generated cannot flow back into the storage tank when valve v1 is closed. When valve v2 is in the operative
condition, it is connected with valve v3, which is parallel to the output. The cooking gas is generated and
flowed with the help of a flexible hose pipe that is attached to the gas burner on one side and the other side of
the pipe is connected to the valve v3. With the connector pin from valve v3, the output can be measured and
it can be used for cooking purposes. Similarly, with the extra provisional safety, we have been using the
solenoid valve, which will make the system stable to install at various locations. When valves v1 and v3 are
closed, the system will be connected to valves v2 and v3, which will allow two conditions, i.e., the first
condition is that the gas can be used using the gas burner, and if the generation of cooking gas is greater, the
solenoid valve will be activated, and the excess gas can be used to store in the tube, which will make the
system stable to install at various locations and if the generation of cooking gas is greater, the solenoid valve
will be activated and the excess gas can be used to store in the tube, which can be later used for cooking
purposes. The solenoid helps with flow control and makes the system more accessible and more convenient
to install at various locations. Figure 2 shows the picture of the 3D printed tangible Ul [23,24,26,28,31], which
monitors the sensor data and controls the entire system in automatic mode.
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Figure 2: 3D Printed User Interface
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5. WORKING PRINCIPLE

The process flow diagram is shown in Fig. 3. The mechanical and electronic block diagrams can be seen in

Fig. 4.
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Figure 3: Process flow chart of the system
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Figure 4: Block Diagram of the System

Figure 3 is a flow diagram of a biogas project using an Arduino controller, solenoid valve, pressure sensor,
methane sensor, and LCD display. The system prioritizes safety through integration of the pressure and
methane sensors. The flow chart outlines the following steps:

1.
2.
3.

Start: The process begins at the "Start™ symbol.
Read Sensor Values: The Arduino reads the values from the pressure sensor and methane sensor.
Check Button 1: The system checks if the first button on the remote control is pressed.

o Yes: If the button is pressed, the solenoid valve remains closed ("Keep Solenoid Valve
Closed™). The system then proceeds to update the valve and system status ("Update valve and
System Status").

o No: If the button is not pressed, the flow continues to the next step.

Pressure and Gas Check: The system checks if the pressure and gas readings are within the designated
safety thresholds.

o Safe Range: If the pressure is less than 5 kPa (kilopascals) and the gas value is less than 5 units
(specific units not mentioned in the diagram), the system remains stable ("Safe Range™). The
flow then proceeds to update the valve and system status ("Update valve and System Status").

o Unsafe Range: If the pressure is greater than 5 kPa or the gas value is greater than 5 units, the
system triggers the solenoid valve to open ("Trigger the Solenoid Valve™). This releases excess
gas and prevents a potential pressure build-up or dangerous methane concentration. The system
then proceeds to update the valve and system status ("Update valve and System Status").

End: The process reaches the "End" symbol.

Button 2 (optional): The diagram also includes a branch labeled "If button is pressed” leading to a
"Turn off everything™ function. However, the placement of this branch suggests it might not be part
of the main flow, possibly included to indicate an alternative shut-off option.
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7. LCD Display: The LCD display is not explicitly shown in the flow diagram, but it can be assumed
that the system continuously updates the pressure and methane readings on the display throughout the
process.

This flow diagram illustrates a safety-focused design for a small-scale biogas plant controlled by Arduino.
The system prioritizes safety by automatically releasing excess gas if sensor readings surpass designated
thresholds.

6. RESULTS AND DISCUSSIONS

Figures 5 and 6 show the responses of the pressure (HX710B) and methane sensors (MQ9). The sensors are
tested for 139 seconds. The response time of each sensor is approximately 45 msec. The pressure sensor is
calibrated using an air pump by providing variable voltage to the pump. The MQ9 sensor is calibrated in the
closed chamber with a cow dung. The HX710B pressure sensor itself lacks user-accessible calibration
options. However, software running on the Arduino can account for sensor offset and sensitivity variations to
achieve a form of calibration.

Data Acquisition

1. Gather Pressure References: Two known pressure values are required. This can involve a pressure
reference source like a manometer or a vacuum pump.

2. Record Sensor Readings: Apply each pressure value to the sensor and record the corresponding raw
output (analog reading) from the Arduino.

Calibration Factor Calculation

1. Gain (Sensitivity): This translates the change in pressure to a change in the analog reading. It's
calculated as: Gain (G) = (High Pressure Reading - Low Pressure Reading) / (Actual High Pressure -
Actual Low Pressure)

2. Offset (Bias): This accounts for any non-zero reading when no pressure is applied. It's calculated as:
Offset (O) = Low Pressure Reading - (Gain * Actual Low Pressure)

Code Implementation

1. Offset Subtraction: Before taking pressure measurements in the Arduino code, subtract the offset
value from the raw sensor reading.

2. Gain Multiplication: Multiply the result by the gain factor to convert the reading to the desired units
(e.g., psi, kPa).
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Figure 7: Stability Graph

The MQ-9 gas sensor offers a general sensitivity to various gasses, including methane. However, it's not
directly calibrated for specific gas concentrations. To enhance the accuracy of methane detection within a
biogas digester application controlled by Arduino, a software-based calibration approach is recommended.
This involves establishing a baseline reading in clean air and then exposing the sensor to known methane
concentrations. By recording the sensor output at these concentrations, a mathematical relationship between
the sensor reading and methane level can be established. This relationship can then be implemented within
the Arduino code to convert sensor readings into estimated methane concentrations. It's crucial to
acknowledge that this calibration approach provides an approximation and may require adjustments based on
the specific gas composition within the digester. Additionally, long-term sensor performance can drift,
necessitating periodic recalibration to ensure reliable methane detection. Figure 8 shows the stability graph
of the sensor, which proves that the sensor remained stable and accurate for 97 minutes.

7. CONCLUDING REMARKS

This research presented a design for a compact, Arduino-controlled biogas plant prioritizing safety through
sensor integration. The system effectively monitored pressure and methane concentration, automatically
releasing excess gas via a solenoid valve if thresholds were exceeded. User interaction was facilitated by a
remote control offering automatic and manual control modes. A 3D-printed tangible user interface provided
a unique physical interaction point. The project successfully demonstrated the feasibility of a user-friendly
and safe biogas plant suitable for small-scale applications. However, further exploration can enhance its
capabilities.
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8. FUTURE SCOPE

e Data Logging and Analysis: Implementing data logging features would allow for long-term
monitoring of biogas production, pressure fluctuations, and methane levels. This data could be used
to optimize feeding schedules and improve overall digester efficiency.

e Advanced Sensor Integration: Exploring the use of additional sensors, such as temperature sensors,
could provide a more comprehensive picture of the digester environment, potentially leading to further
optimization of the biogas production process.

e Internet of Things (IoT) Integration: Integrating the system with an loT platform would enable remote
monitoring and control. Users could access real-time data and manage the plant remotely using a
smartphone or web application.

e Biogas Upgradation: Investigating methods for upgrading biogas to biomethane, a higher quality fuel
source, would significantly increase the project's potential applications.

REFERENCES

1. Eggemann L, Escobar N, Peters R, Burauel P, Stolten D. Life cycle assessment of a small-scale methanol
production system: A power-to-fuel strategy for biogas plants. J Clean Prod [Internet]. 2020;271:122476.
Available from: https://doi.org/10.1016/j.jclepro.2020.122476

2. Mandal A, Cho H, Chauhan BS. Ann prediction of performance and emissions of ci engine using biogas
flow variation. Energies. 2021;14.

3. Andlar M, Belskaya H, Morzak G, Santek MI, Rezi¢ T, Tominac VP, et al. Biogas Production Systems and
Upgrading Technologies: A Review. Food Technol Biotechnol. 2021;59:387-412.

4. Moletta R. Winery and distillery wastewater treatment by anaerobic digestion. Water Sci Technol.
2005;51:137-44.

5. Laca A, Herrero M, Diaz M. Life Cycle Assessment in Biotechnology [Internet]. Second Edi. Compr.
Biotechnol. Second Ed. Elsevier B.V.; 2011. Available from: http://dx.doi.org/10.1016/B978-0-08-088504-
9.00140-9

6. Mignogna D, Ceci P, Cafaro C, Corazzi G, Avino P. Production of Biogas and Biomethane as Renewable
Energy Sources: A Review. Appl Sci. 2023;13.

7. Liew ZK, Chan YJ, Ho ZT, Yip YH, Teng MC, Ameer Abbas bin AIT, et al. Biogas production
enhancement by co-digestion of empty fruit bunch (EFB) with palm oil mill effluent (POME): Performance
and Kkinetic evaluation. Renew Energy [Internet]. 2021;179:766-77.  Available  from:
https://doi.org/10.1016/j.renene.2021.07.073

8. Surendra KC, Takara D, Hashimoto AG, Khanal SK. Biogas as a sustainable energy source for developing
countries: Opportunities and challenges. Renew Sustain Energy Rev. 2014;31:846-59.

9. Raju CS, Lgkke MM, Sutaryo S, Ward AJ, Mgller HB. NIR monitoring of ammonia in anaerobic digesters
using a diffuse reflectance probe. Sensors. 2012;12:2340-50.

10. Nsair A, Cinar SO, Alassali A, Qdais HA, Kuchta K. Operational Parameters of Biogas Plants: A Review
and Evaluation Study. Energies. 2020;13.

11. Domnanovich AM, Strik DP, Zani L, Pfeiffer B, Karlovits M, Braun R, et al. A fuzzy logic approach to
control anaerobic digestion. Commun Agric Appl Biol Sci. 2003;68:215-8.

12. Jimenez J, Latrille E, Harmand J, Robles A, Ferrer J, Gaida D, et al. Instrumentation and control of
anaerobic digestion processes: a review and some research challenges. Rev Environ Sci Biotechnol.
2015;14:615-48.

13. Logan M, Safi M, Lens P, Visvanathan C. Investigating the performance of internet of things based
anaerobic digestion of food waste. Process Saf Environ Prot [Internet]. 2019;127:277-87. Available from:
https://doi.org/10.1016/j.psep.2019.05.025

14. Polit M, Estaben M, Labat P. A fuzzy model for an anaerobic digester, comparison with experimental
results. Eng Appl Artif Intell. 2002;15:385-90.

15. Boe K. Online monitoring and control of the biogas process [Internet]. Environment. 2006. Available
from: http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.125.2757&amp;rep=repl&amp;type=pdf
16. Olar HR, Halafawi M, Avram L. Petroleum and Coal. Pet Coal. 2021;63:278-83.

17. Cinar S, Cinar SO, Wieczorek N, Sohoo I, Kuchta K. Integration of artificial intelligence into biogas plant
operation. Processes. 2021;9:1-18.

18. Sun S Bin, He YY, Zhou S Da, Yue ZJ. A data-driven response virtual sensor technique with partial
vibration measurements using convolutional neural network. Sensors (Switzerland). 2017;17:1-22.

[JCRT2404187 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | b655


http://www.ijcrt.org/

www.ijcrt.org © 2024 1IJCRT | Volume 12, Issue 4 April 2024 | ISSN: 2320-2882

19. Musatti A, Ficara E, Mapelli C, Sambusiti C, Rollini M. Use of solid digestate for lignocellulolytic
enzymes production through submerged fungal fermentation. J Environ Manage [Internet]. 2017;199:1-6.
Available from: http://dx.doi.org/10.1016/j.jenvman.2017.05.022

20. Sayara T, Sanchez A. A review on anaerobic digestion of lignocellulosic wastes: Pretreatments and
operational conditions. Appl Sci. 2019;9.

21. Kabeyi MJB, Olanrewaju OA. Biogas Production and Applications in the Sustainable Energy Transition.
J Energy. 2022;2022:1-43.

22. Corominas L, Garrido-Baserba M, Villez K, Olsson G, Cortés U, Poch M. Transforming data into
knowledge for improved wastewater treatment operation: A critical review of techniques. Environ Model
Softw. 2018;106:89-103.

23. Parikh P, Sharma A, Trivedi R, Roy D, Joshi K. Performance evaluation of an indigenously-designed high
performance dynamic feeding robotic structure using advanced additive manufacturing technology , machine
learning and robot kinematics. Int J Interact Des Manuf [Internet]. 2023; Available from:
https://doi.org/10.1007/s12008-023-01513-3

24. Parikh PA, Trivedi R, Joshi KD. Optimising inverse kinematics algorithm for an indigenous vision-based
feeding serial robot using particle swarm optimisation and hybrid genetic algorithm : a comparison. Int J Adv
Mechatron Syst [Internet]. 2023;10:88-101. Available from:
https://www.inderscienceonline.com/doi/abs/10.1504/IJAMECHS.2023.131332

25. Parikh PA, Joshi KD, Trivedi R. Face Detection-Based Depth Estimation by 2D and 3D Cameras: A
Comparison. 2022 28th Int Conf Mechatronics Mach Vis Pract [Internet]. IEEE; 2022. p. 1-4. Available from:
https://ieeexplore.ieee.org/document/10041072/

26. Parikh P, Vasani R, Sheth S. Velocity analysis of a DC brushed encoder motor using Ziegler-Nichols
algorithm: A case of an automated guided vehicle. Indian J Sci Technol. 2016;9.

27. Parikh PA, Trivedi R, Dave J. Trajectory planning for the five degree of freedom feeding robot using
septic and nonic functions. Int J Mech Eng Robot Res. 2020;9:1043-50.

28. Parikh P, Trivedi R, Dave J, Joshi K, Adhyaru D. Design and Development of a Low-Cost Vision-Based
6 DoF Assistive Feeding Robot for the Aged and Specially-Abled People. IETE J Res. 2023;

29. Parikh P, Vasani R, Sheth S, Gohil J. Actuation of Electro-Pneumatic System using MATLAB Simulink
and Arduino Controller- A case of a Mechatronics systems Lab. 2017;137:59-64.

30. Parikh P, Sheth S, Vasani R, Gohil JK. Implementing Fuzzy Logic Controller and PID Controller to a DC
Encoder Motor - “a case of an Automated Guided Vehicle.” Procedia Manuf. 2018;20:219-26.

31. Parikh P, Trivedi R, Joshi K. Continuous trajectory planning of a 6 DoF feeding robotic arm using a novel
multi-point LSPB algorithm. 2022 28th Int Conf Mechatronics Mach Vis Pract [Internet]. IEEE; 2022. p. 1-
6. Available from: https://ieeexplore.ieee.org/document/10041082/

[JCRT2404187 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | b656


http://www.ijcrt.org/

