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Abstract 

This study presents the development and performance evaluation of a biogas-powered electricity 

generation system designed for medium-scale swine farms. A conventional Hino V-22C diesel engine 

was modified to operate under spark-ignition mode using purified biogas as the primary fuel. The 

compression ratio was reduced from 18.5:1 to 14.7:1 to accommodate the lower heating value and 

slower flame speed of biogas. An Emergency Fuel Supply (EFS) system, automatically controlled by 

an oxygen sensor, was integrated to improve combustion stability during transient or high-load 

operations. Experimental tests were conducted to determine key thermodynamic and operational 

parameters including thermal efficiency, brake power, volumetric efficiency, and brake mean 

effective pressure. The generator achieved an electrical output of 80–120 kW, with the highest thermal 

efficiency of 11.66% at 100 kW under dual-fuel operation. The EFS system increased efficiency by 

approximately 22.7%, demonstrating its effectiveness in enhancing ignition quality and reducing 

cyclic variation. A techno-economic analysis was also carried out to assess the feasibility of 

implementing the system in a real swine farm. Results show that a farm housing 700 pigs per barn 

(six barns total) can produce approximately 30 kWh per housing unit, achieving a breakeven period 

of 15.79 months. The system not only provides a sustainable and cost-effective energy source but also 

reduces methane emissions from manure management, contributing to circular economy practices 

and greenhouse gas mitigation. Overall, the developed biogas generator demonstrates promising 

potential as a reliable, economically viable, and environmentally friendly decentralized power 

system for agricultural applications. 

Keywords: biogas generator; spark ignition modification; emergency fuel supply; engine 

performance; economic feasibility; swine farm 

 

1. Introduction 

The demand for sustainable and renewable energy sources in the agricultural sector has steadily 

increased, driven by rising energy costs and environmental concerns. Livestock farms, particularly 

swine farms, produce substantial amounts of organic waste, including manure and wastewater, 

which can be effectively utilized as a renewable energy resource through biogas production. Biogas, 

primarily composed of methane (CH₄), offers a promising alternative to conventional fossil fuels due 

to its availability, low cost, and potential for reducing greenhouse gas emissions [1–5]. 

Converting biogas into electricity provides a dual benefit: it supports on-site energy generation 

while simultaneously improving waste management practices. However, the direct use of biogas in 

conventional diesel engines poses technical challenges, including low calorific value, slow flame 

propagation, and variable gas composition, which can reduce engine performance and thermal 

efficiency. Engine modifications, such as adjusting the compression ratio, implementing spark 
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ignition systems, and optimizing fuel delivery, are therefore essential to ensure stable operation and 

high efficiency. 

Recent studies have explored biogas-powered engines for small- and medium-scale agricultural 

applications, demonstrating the feasibility of integrating renewable energy systems into livestock 

operations. Despite these advances, the practical implementation of biogas generators in swine farms 

remains limited, particularly in terms of reliable power generation under fluctuating loads and 

economic feasibility. 

This study presents the development and field testing of a biogas-powered generator specifically 

designed for medium-to-large-scale swine farms in Thailand. The system incorporates key 

innovations, including a modified diesel engine for biogas combustion, an emergency fuel supply 

system with oxygen-sensor-based automatic control, and an electric motor-assisted starter. The 

primary objectives are to evaluate engine performance, energy efficiency, and economic viability, 

providing a practical solution for sustainable on-farm electricity generation. 

2. Materials and Methods 

2.1. System Overview 

The developed system comprises a modified Hino V-22C V10 diesel engine (21,548 cc, 420 hp), 

configured to run on biogas generated from pig manure and wastewater. The engine was coupled 

with a 250 kVA (200 kW) three-phase alternator (LEROR-SOMER Model TAL A46) delivering 

380/220V at 50 Hz and 1500 rpm. 

Engine Modification for Biogas Utilization 

To successfully use biogas as fuel in diesel engines, comprehensive engine modifications are 

essential to ensure optimal functionality. The primary goal of these adaptations is converting a 

standard diesel engine, which operates through compression ignition, into one capable of spark 

ignition. The required modifications include [6–13]:  

• Drilling the Cylinder Head: This modification allows for the installation of a spark plug, 

serving as the ignition source for biogas, which has different combustion characteristics compared to 

diesel.  

• Adjusting the Compression Ratio: The engine’s compression ratio must be optimized to align 

with the properties of gaseous fuels, thus enhancing combustion efficiency.  

• Upgrading the Fuel Delivery System: Alterations to the fuel delivery system are necessary to 

ensure the consistent and precise supply of biogas to the engine.  

These adjustments improve the engine's power output and operational stability, enabling it to 

function as a primary mover for generating electricity on-site. This setup creates a sustainable energy 

cycle that powers the pig farm and facilitates efficient waste reuse. The method demonstrates the vital 

role of technology in enhancing energy security within the agricultural sector while contributing to 

environmental stewardship. 

2.2. Optimization of the Fuel Delivery System for Biogas Operation 

Pressure Swing Adsorption (PSA) is a gas purification technique that relies on adsorbent 

materials to separate gases. The process alternates between high-pressure adsorption and low-

pressure desorption, effectively generating a stream of purified gas. Recognized for its energy 

efficiency and cost-effectiveness, PSA is widely employed across various industries. 

The separation is based on the adsorption kinetics of the Carbon Molecular Sieve (CMS) 

material. The CMS is a microporous carbon material with precisely controlled pore sizes. While CH4 

molecules have a slightly larger kinetic diameter (∼3.82 Å) than N2 (∼3.64 Å) and O2 (∼3.46 Å), the 

primary separation mechanism relies on the rate of diffusion into the CMS pores. Due to their smaller 

size, N2 and O2 molecules can diffuse into the pores of the CMS much faster than the larger CH4 

molecules. Figure 1 illustrates a mixed gas stream, containing CH4, N2, and O2, is fed into the bottom 

of the absorber vessel at high pressure. As the gas flows upward through the CMS bed, the smaller 
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and faster-diffusing N2 and O2 molecules are preferentially adsorbed onto the internal surface of the 

CMS granules. The larger CH4 molecules, with their slower diffusion rate, pass through the CMS bed 

with minimal adsorption. The resulting gas stream exiting the top of the absorber, referred to as 

GreenGas is thus highly enriched in methane [14,15]. 

 

Figure 1. illustrates a schematic representation of a Pressure Swing Adsorption (PSA) system utilized for the 

purification of biogas. 

2.3. Conversion and Adaptation of Diesel Ignition System for Biogas Utilization 

The conversion of an engine's ignition system from diesel to biogas involves a series of technical 

modifications to enable efficient utilization of biogas as the primary fuel source. Key modifications 

typically include adjustments to the fuel injection system, optimization of the compression ratio, and 

alterations to enhance air-fuel mixing. In addition, specialized components such as biogas injectors 

and storage systems must be integrated to support stable operation. This transition not only promotes 

sustainability through the use of renewable energy but also requires strict adherence to safety 

protocols and regulatory standards to ensure operational reliability and environmental compliance 

[16–18]. 

Engine Modification and Compression Ratio Adjustment 

Mechanical modifications were performed to optimize engine performance and reduce 

emissions during biogas operation. The compression ratio was lowered from 18.5:1 to 14.7:1 to 

stabilize combustion for the lower-calorific biogas, slightly reducing power output but enhancing 

combustion efficiency and minimizing knocking. Piston head shaving was precisely applied to 

achieve the target clearance volume, promoting smoother combustion and improved thermal 

performance. 

The displacement volume (Vd) and compression ratio (rc) were calculated using the following 

relations: 

𝑉𝑑 =
𝜋

4
𝐵2𝐿           (1) 

𝑟𝑐 =  
𝑉𝑑

𝑉𝑐
+ 1                                    (2) 

The difference in clearance volume (ΔVc) before and after modification is expressed as: 

Vc−after − Vc−before         (3) 

The piston head shaving distance (Ds) was obtained from: 

𝐷𝑠 =  
4∆𝑉𝑐

𝜋𝐵2            (4) 

Where: 

rc    =  Static Compression Ratio 

Ds   =  Piston Head Shaving Distance 

Vd   =  Displacement Volume 

Vc   =  Clearance Volume  

Vc  =  Difference of Clearance Volume Between Before and After  
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B  =  Diameter of Piston (Bore) 

L  =  Engine Stroke 

Table 1 summarizes the key experimental parameters and calculated results for the engine 

modification aimed at optimizing the compression ratio for biogas operation. The original diesel 

engine had a compression ratio of 18.5:1, which was reduced to 14.7:1 through a precise piston head 

shaving process, with a shaving distance of 10.36 mm. The piston diameter and stroke length were 

139 mm and 142 mm, respectively, resulting in a displacement volume of 2,153,711 mm³. 

Correspondingly, the clearance volume increased from 123,069 mm³ before modification to 157,205 

mm³ after modification. These adjustments were critical to achieving stable spark-ignition 

combustion with biogas, improving thermal efficiency, and mitigating knocking, while maintaining 

the overall mechanical integrity of the engine. 

Table 1. Experimental Data and Calculated Results for Engine Modification and Compression Ratio 

Adjustment. 

Parameter Value 

Compression Ratio (Before Modification) 18.5 : 1 

Compression Ratio (After Modification) 14.7 : 1 

Piston Diameter, Dp (mm) 139 

Stroke Length, L (mm) 142 

Displacement Volume, Vd (mm³) 2,153,711 

Clearance Volume (Before), Vc_before (mm³) 123,069 

Clearance Volume (After), Vc_after (mm³) 157,205 

Piston Head Shaving Distance, Ds (mm) 10.36 

Optimization of the Engine Ignition System for Biogas Combustion 

The process of modifying the cylinder includes three key steps: first, removing the injector; 

second, threading the spark plug; and finally, installing the piston position sensor [19–21]. 

The modification process of the cylinder. The steps involve removing the injector, threading the 

location designated for the spark plug, and installing the piston position sensor to enhance functional 

integration, as illustrated in Figure 2. 

 

Figure 2. illustrates the modification process for the cylinder, which involves removing the injector, threading 

the spark plug, and installing the piston position sensor. 

2.4. Development of an Emergency Fuel Port (EFP) with Oxygen Sensor-Based Automatic Control 

Emergency Fuel Port (EFP) equipped with automated control functionality managed by an 

oxygen sensor 

Emergency Fuel Port (EFP) 
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Figure 3 illustrates the detailed configuration of the biogas supply system. The system consists 

of a primary biogas line with an internal diameter of 50 mm, supplemented by an emergency bypass 

line of 37.5 mm in diameter. Before entering the engine intake, the biogas is premixed with intake air 

to ensure a homogeneous mixture, following the method described in previous studies [22–24]. 

 

Figure 3. illustrates a schematic representation of the biogas–air mixing and emergency bypass system for engine 

operation. 

The major components of the system are as follows: 

1. Ball valve — regulates the biogas flow to maintain a constant engine speed of 1500 rpm. 

2. Throttle valve — controls the air–biogas mixture flow rate entering the engine intake manifold. 

3. Emergency throttle valve — activates during emergency load conditions, allowing additional 

biogas to pass through the bypass line. 

Oxygen Sensor-Based Automatic Control 

An automated system engineered for managing emergency fuel supply, functioning through the 

process of drilling into the exhaust pipe to install and integrate an oxygen sensor. 

Figure 4 illustrates an automated control system designed for the emergency supply of fuel. This 

system operates by drilling into the exhaust pipe and integrating an oxygen sensor to regulate its 

functionality. 

 

Figure 4. illustrates an automated control system designed for emergency fuel supply. It operates by drilling 

into the exhaust pipe and integrating an oxygen sensor. 
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Table 2 presents the operational testing results of the power generation system equipped with 

an emergency fuel supply. The emergency fuel port is activated when the electrical load exceeds 80 

kW to maintain stable engine operation. Engine radiator temperature, air-fuel ratio (λ), oxygen sensor 

output, and emergency valve opening are monitored under varying load conditions [25,26]. 

Table 2. Operational Testing of Power Generation with Emergency Fuel Supply System. 

Description Power Generation (kW) 

60  70  80 90  100 110 120 

Electric Power (kW) 60 70 80 90 100 110 120 

Engine Radiator Temperature (°C) 62 64 65 70 70 74 85 

Air-Fuel Ratio (λ) 17.2 17.4 17.5 17.5 17.5 17.3 17.2 

Oxygen Sensor Output (V) 0.28 0.25 0.25 0.25 0.25 0.26 0.28 

Emergency Valve Opening (%) 0 0 0 17 40 62 81 

Notes: The emergency fuel supply system is activated when the electrical load exceeds 80 kW. Measurements 

were conducted under steady-state conditions for each load increment. Air–fuel ratio (λ) and O₂ sensor voltage 

indicate combustion efficiency and mixture quality. 

2.5. Electric Motor-Based Starter System 

This work presents a novel starting mechanism for internal combustion engines, integrating a 

manual-lever electrical motor. The design features an elongated starter-motor shaft, which is fitted 

with a pulley to receive power from an external electric motor via a belt drive. Additionally, the 

solenoid shaft is modified to include an extended hand lever. This configuration enables consistent 

and prolonged engine cranking, overcoming the operational limitations of conventional starting 

systems by utilizing a dedicated external power source [16–18]. 

The system, comprising a starter motor equipped with a central shaft designed to rotate freely. 

One end of this shaft extends outward, featuring a pulley mounted on it. A belt connects this pulley, 

designated as pulley, to an adjacent pulley attached to the shaft of an electric motor, which functions 

on either a 220 V or 380 V power source. At the other end of the starter motor’s shaft, a drive-gear 

assembly is installed. This gear setup is connected via an arm to a spring-loaded solenoid mechanism. 

The solenoid’s shaft is extended further and includes a manual lever for operation. The drive-gear 

assembly can slide into position to engage with the flywheel gear, which is coupled directly to the 

crankshaft of the internal combustion engine. As illustrated in Figure 5, which shows the state before 

the internal combustion engine is started by the manual-lever electric motor, the manual lever has 

not been moved to the left. Consequently, the spring-loaded solenoid assembly remains stationary, 

and the drive-gear assembly does not engage with the flywheel gear. As a result, the internal 

combustion engine does not rotate and remains inactive. 
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Figure 5. illustrates the configuration of a manual-lever electric starter prior to initiating the internal combustion 

engine. 1. Starter motor 2. Shaft 3. Shaft 4. Pulley 5. Pulley 6. Belt 7. Electric motor 8. Solenoid shaft 9. Extended 

shaft 10. Manual lever 11. Spring-loaded solenoid unit 12. Arm 13. Drive-gear assembly 14. Flywheel gear 15. 

Crankshaft. 

2.6. Installation and Testing 

A comprehensive field study was carried out at a pig farming facility in Buriram, Thailand, to 

evaluate the operational performance of the system under real-world conditions, as illustrated in 

Figure 6. Key performance indicators, including engine stability, power generation efficiency, startup 

reliability, and thermal efficiency, were thoroughly examined. The study covered an extensive 

duration of 524 hours, during which data was systematically gathered and analyzed to provide 

precise insights into the system’s functionality. 

 

Figure 6. illustrates the operational testing of a diesel engine paired with a generator. 

3. Results and Discussion 

3.1. Performance Evaluation 

The thermodynamic performance of the biogas-fueled internal combustion engine was 

evaluated using fundamental engine performance equations. The main parameters analyzed include 

thermal efficiency, brake power, indicated power, volumetric efficiency, and brake mean effective 

pressure. Experimental data and the corresponding calculations are summarized in Table 3. 

Table 3. Summary of experimental data and calculated performance parameters. 

Parameter Symbol Value Unit 

Electrical Power Output P 80 kW 

Fuel Consumption 𝑚𝑓̇  0.036 kg/s 
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Air Consumption 𝑚𝑎̇  0.63 kg/s 

Thermal Efficiency 𝜂𝑡ℎ 0.095 9.5% 

Break Power bp 100.66 kW 

Indicated Power 𝑖𝑝̇ 125.83 kW 

Volumetric Efficiency 𝜂𝑣 0.82 82% 

Break Mean Effective Pressure pmb 3.74 bar 

This relatively low efficiency is mainly due to the low heating value and slow flame propagation 

characteristics of biogas, which result in incomplete combustion and reduced temperature rise within 

the combustion chamber. Similar findings have been reported by Surendra and Nguyen [27,28], who 

observed that small-scale biogas engines generally operate within 8–15% thermal efficiency 

depending on gas purity and ignition optimization. 

3.2. Thermal Efficiency 

The thermal efficiency (ηₜₕ) represents the ratio between the useful output power and the energy 

supplied by the fuel. It is determined from the following equation: 

𝜂𝑡ℎ =
𝑃

𝑚𝑓̇ ×𝐾×𝐻𝐻𝑉
          (5) 

where P is the electrical power output (kW), ṁf is the fuel mass flow rate (kg/s), K is the number 

of cylinders, and HHV is the higher heating value of the biogas (kJ/kg). 

By substituting the measured data (P = 80 kW, ṁf = 0.036 kg/s, K = 10, HHV = 2330 kJ/kg), the thermal 

efficiency was found to be 9.5%. 

3.3. Brake and Indicated Power 

The brake power (bₚ) and indicated power (iₚ) were determined using the following 

relationships: 

𝑏𝑝 = 𝑚𝑓 × 𝜂𝑡ℎ × 𝐻𝐻𝑉̇          (6) 

𝑖̇𝑝 =
𝑏𝑝

𝜂𝑚
           (7) 

With ṁf = 0.36 kg/s, ηth = 0.12, HHV = 2330 kJ/kg, and mechanical efficiency (ηm) = 0.8, the 

calculated brake power and indicated power were 100.66 kW and 125.83 kW, respectively. The ratio 

between brake and indicated power confirms that approximately 20% of the energy is lost to friction 

and mechanical components, which is consistent with typical performance of naturally aspirated 

spark-ignition biogas engines. 

3.4. Air Consumption and Volumetric Efficiency 

Air consumption was calculated using Equation: 

𝐴𝑖𝑟𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 =
𝑚𝑓̇

𝜌𝑎
× 𝐴

𝐹⁄         (8) 

where ρₐ is the air density (1.15 kg/m³) and (A/F) is the air–fuel ratio by weight. The calculated 

air flow rate was 5.25 m³/s. 

Volumetric efficiency (ηv) was derived from the actual air flow rate and the theoretical 

displacement volume, as expressed in Equation: 

𝜂𝑣 =
𝑉𝑜𝑙𝑢𝑚𝑒 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑎𝑖𝑟

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐷𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡
        (9) 

The resulting volumetric efficiency was 82%, which indicates effective air induction 

performance. This level of volumetric efficiency is typical for engines operating under atmospheric 

intake pressure without turbocharging [29]. 

3.5. Brake Mean Effective Pressure (BMEP) 

The brake mean effective pressure (pmb) was determined from Equation: 

𝑝𝑚𝑏 =
𝑏𝑝

𝐿×𝐴×𝑁×𝐾
          (10) 
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where L is the stroke length, A is the piston area, N is the engine speed (revolutions per second), 

and K is the number of cylinders. The calculated value was 3.74 bar, which falls within the normal 

operating range for medium-load spark-ignition engines. The BMEP provides a useful indication of 

the engine’s capacity to convert cylinder pressure into mechanical work, and the obtained result 

suggests efficient combustion dynamics under biogas fueling. 

3.6. Performance Analysis of the Emergency Fuel Supply System 

The emergency fuel supply system was designed to automatically compensate for fuel shortage 

or instability during biogas operation by injecting an auxiliary fuel flow into the engine intake. The 

system’s performance was evaluated at five operating loads, ranging from 80 to 120 kW. The results 

are presented in Table 4. 

Table 4. Results of the emergency fuel supply system operation. 

Description Result 

Electric Power Output (kW) 80 90 100 110 120 

Fuel Consumption (kg/s) 0.036 0.036 0.036 0.036 0.036 

Additional Fuel Consumption (kg/s) 0 0.005 0.008 0.0126 0.0164 

Thermal Efficiency of Engine (%) 9.50 10.58 11.66 9.71 9.83 

At a baseline load of 80 kW, the engine operated solely on biogas with a fuel consumption rate 

of 0.036 kg/s, achieving a thermal efficiency of 9.5%. As the electrical load increased, a small portion 

of additional fuel (ranging from 0.005 to 0.0164 kg/s) was supplied automatically to stabilize 

combustion and maintain power output. The maximum efficiency of 11.66% was observed at 100 kW, 

which corresponds to an optimal mixture condition where the supplementary fuel improved the 

combustion completeness and flame propagation rate. 

Beyond this point (110–120 kW), the efficiency slightly declined to around 9.8%, likely due to 

over-enrichment of the fuel mixture and higher exhaust gas temperature. This trend indicates that 

while the emergency fuel system effectively enhances combustion stability and performance under 

medium to high load, excessive auxiliary fuel addition does not proportionally increase efficiency. 

3.6. Overall Performance Discussion 

The overall performance evaluation of the biogas-fueled power generation system, including the 

emergency fuel supply system (EFS), demonstrates that the engine can maintain stable operation 

across a wide range of loads with moderate energy conversion efficiency. Under baseline conditions 

operating solely on biogas, the generator delivered 80 kW of electrical output at a thermal efficiency 

of 9.5%. This performance aligns with typical results of small-scale spark-ignition biogas engines, 

where low heating value and slow flame propagation of biogas tend to limit thermal efficiency 

[28,30].  

When the EFS was activated, supplementary fuel was automatically injected during higher load 

demands (90–120 kW) to compensate for biogas quality fluctuations and enhance combustion 

stability. The additional fuel flow ranged from 0.005 to 0.0164 kg/s, depending on load conditions. 

This mechanism significantly improved engine performance, with maximum thermal efficiency 

reaching 11.66% at 100 kW, representing an approximate 22.7% improvement over the pure-biogas 

operation. 

The observed increase in efficiency at moderate loads can be attributed to better air–fuel mixing 

and enhanced flame propagation due to the supplemental fuel, which results in more complete 

combustion and reduced cyclic variation. However, when the electrical load exceeded 100 kW, 

efficiency slightly decreased to around 9.8%, likely caused by over-enrichment of the mixture and 

higher exhaust temperatures, which increase unburned fuel losses. This finding corresponds with 
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results from Patel et al. (2020), who reported that excessive enrichment in biogas–gasoline dual-fuel 

operation yields diminishing efficiency gains. 

The integration of the EFS therefore provides two key advantages: 

1. Operational stability under variable gas supply or composition, reducing engine misfire risk 

and power fluctuation. 

2. Performance enhancement, particularly within mid-range loads where combustion quality is 

most sensitive to fuel-air equivalence ratio. 

Overall, the system achieved stable electricity generation up to 120 kW output, maintaining an 

acceptable balance between fuel efficiency and reliability. The combination of biogas as the primary 

fuel and a controlled supplementary fuel supply offers a practical and sustainable approach for 

decentralized renewable power generation, particularly in agricultural or rural regions where biogas 

composition may vary over time. 

3.7. Evaluation of the Biogas Power Generator Implementation in a Swine Farm 

Suitability of the Power Generation System for Swine Farm Applications 

The feasibility assessment of the biogas-based power generator was conducted at a commercial 

swine farm to determine its suitability for agricultural-scale renewable energy utilization. The results, 

summarized in Table 5, indicate that the system is appropriately sized for the farm’s energy demand 

and available biogas resources. 

Table 5. Suitability of the biogas generator system for swine farm applications. 

Description Result Remark 

Suitability for electricity production ✓ One housing unit with 700 

pigs can generate 30 kWh of 

electrical power. 

Generator cost 15,000 

THB/kWh 

Estimated average including 

equipment and installation. 

Under practical operating conditions, the farm housing 700 pigs per barn could continuously 

generate approximately 30 kWh of electrical power. This corresponds well with the available biogas 

yield derived from manure management within a single housing unit. The investment cost of the 

biogas generator, including installation and auxiliary equipment, was approximately 15,000 THB per 

kWh of installed capacity, representing a reasonable cost level for decentralized power systems of 

this scale [32,33]. 

These findings confirm that the generator capacity is appropriately matched to the farm’s biogas 

potential and electricity needs, making it a technically viable solution for rural or off-grid power 

generation. 

Economic Feasibility and Breakeven Analysis 

An economic assessment was carried out to evaluate the payback period of the installed biogas 

generator system when operated as a substitute for electricity from the Provincial Electricity 

Authority (PEA). The cost–benefit analysis results are shown in Table 6. 

The system’s fixed investment cost (generator and installation) was 1,500,000 THB, with monthly 

variable costs comprising: 

• Labor: 24,000 THB (two operators at 12,000 THB each per month), 

• Routine maintenance and spare parts: 5,000 THB/month, 

• Scheduled servicing of engine and gas system: 4,000 THB/month (based on 12,000 THB every 

three months). 
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The total monthly operating cost was therefore 33,000 THB. The average monthly electricity 

generation was estimated at 128,000 THB, based on: 

80 kWh×20 h/day×30 days×8 mouths/year×4 THB/kWh = 1,536,000 THB/year 

which corresponds to 128,000 THB/month. 

By equating cumulative production cost and cumulative revenue, the breakeven point is reached 

at 15.79 months, indicating that the initial investment can be fully recovered within approximately 1 

year and 4 months of continuous operation. 

Table 6. Breakeven analysis of the biogas power generator for swine farm application. 

Parameter Details/Remarks 

Fixed Cost 1,500,000 THB (equipment + installation) 

Variable Cost per Month Labor: 24,000 THB; Spare parts: 5,000 THB; Service: 

4,000 THB → 33,000 THB/month 

Monthly Revenue 128,000 THB (based on 80 kWh generation, 4 

THB/kWh) 

Breakeven Point (X) 1,500,000+33,000X=128,000X → X = 15.79 months 

Farm Information 6 barns, 700 pigs per barn, 120 kVA generator, 8 months 

of annual operation 

The analysis demonstrates that the biogas power generator not only provides a sustainable 

electricity source but also yields a rapid payback period, confirming its economic feasibility for 

medium-scale livestock farms. Moreover, the integration of waste-to-energy systems promotes 

circular economy practices by converting animal manure into usable energy, reducing both waste 

disposal and electricity costs [34,35].This section may be divided by subheadings. It should provide 

a concise and precise description of the experimental results, their interpretation, as well as the 

experimental conclusions that can be drawn. 

4. Conclusions 

The findings from this study highlight the significant technical and economic potential of biogas-

based power generation systems for medium-scale swine farms. The modified Hino V-22C diesel 

engine demonstrated stable operation when fueled primarily with purified biogas, producing up to 

120 kW of continuous power. Although the overall thermal efficiency ranged between 9.5–11.7%, 

which is lower than that of conventional diesel engines, this performance is consistent with previous 

studies reporting efficiencies of 8–15% for small-scale biogas engines under spark-ignition operation 

[27–29]. The reduced efficiency can be attributed to the low heating value and slow flame propagation 

rate of biogas, leading to incomplete combustion and lower in-cylinder pressure development. 

However, the inclusion of the Emergency Fuel Supply (EFS) system significantly improved 

combustion stability and operational reliability. When the system automatically supplied auxiliary 

fuel under high-load conditions, the thermal efficiency increased by approximately 22.7%, peaking 

at 11.66% at 100 kW. This improvement aligns with the findings of Patel et al. [31] and Mohanraj et 

al. [20], who reported that limited secondary fuel enrichment can enhance flame propagation and 

reduce cyclic variation in dual-fuel biogas systems. Nevertheless, efficiency declined slightly beyond 

100 kW due to mixture over-enrichment and heat losses, suggesting the need for further optimization 

of the oxygen-sensor control algorithm to balance air–fuel ratios dynamically. 

The engine modification process, including compression ratio adjustment from 18.5:1 to 14.7:1, 

played a crucial role in ensuring stable ignition and smooth combustion of biogas. The reduced 

compression ratio mitigated knocking tendencies commonly observed in gaseous fuels with high 

methane content, corroborating the results of Nguyen and Nguyen [18] and Belgiorno et al. [16]. 

Moreover, the installation of a spark-ignition system and sensor integration improved engine 
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controllability and combustion repeatability, making the configuration well-suited for distributed 

power generation. 

The economic evaluation reinforces the technical viability of the system. With a total investment 

of 1.5 million THB and monthly operating costs of 33,000 THB, the system achieved a breakeven 

period of 15.79 months, which is shorter than the 18–24 months typically reported in similar livestock-

based biogas-to-power projects [33–35]. This rapid return on investment stems from the system’s 

capacity to offset electricity expenses from the Provincial Electricity Authority (PEA), producing an 

estimated 128,000 THB/month in energy value. The results align with the techno-economic findings 

of Singh et al. [33], who noted that decentralized biogas systems can provide attractive payback 

periods under favorable operating conditions. 

From an environmental standpoint, the developed system contributes to greenhouse gas 

reduction by utilizing methane that would otherwise be released from open-lagoon manure 

management. The approach supports a circular economy model by converting livestock waste into 

usable energy while reducing dependency on fossil fuels and minimizing odor and wastewater 

pollution [1,13,34]. When scaled across similar farms, such systems can enhance rural energy security, 

reduce grid dependency, and support Thailand’s national bioenergy development roadmap. 

Overall, the research demonstrates that integrating biogas purification, optimized ignition 

modification, and adaptive fuel control can yield a technically stable, economically viable, and 

environmentally sustainable power generation solution for agricultural sectors. Further research 

should focus on enhancing combustion control through real-time gas composition monitoring and 

adaptive ignition timing to maximize efficiency under fluctuating biogas quality. 
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