
International Journal of Electrical and Computer Engineering (IJECE) 

Vol. 15, No. 6, December 2025, pp. 5524~5534 

ISSN: 2088-8708, DOI: 10.11591/ijece.v15i6.pp5524-5534      5524  

 

Journal homepage: http://ijece.iaescore.com 

Greenhouse gas reduction system for engines using electrolyte 

technology 
 

 

Bopit Chainok1, Boonthong Wasuri2, Piyamas Chainok3 
1Department of Innovative Intelligent Control, Faculty of Science and Technology, Nakhon Pathom Rajabhat University,  

Nakhon Pathom, Thailand 
2Department of Industrial Education, Faculty of Science and Technology, Nakhon Pathom Rajabhat University, Nakhon Pathom, Thailand 

3Department of Interdisciplinary Studies, Faculty of Science and Technology, Pathumwan Institute of Technology, Bangkok, Thailand 

 

 

Article Info  ABSTRACT 

Article history: 

Received Oct 24, 2024 

Revised Jul 11, 2025 

Accepted Sep 14, 2025 

 

 This research focuses on developing a system to reduce greenhouse gas 

emissions in internal combustion vehicle engines using electrolyte 

technology and embedded programming on an electronic board via the OBI 

protocol. The main objectives are to create a prototype, apply it in real-world 

scenarios, evaluate its efficiency, and facilitate technology transfer. The 

system, designed to reduce greenhouse gases from vehicles, consists of a 

Bluetooth on-board diagnostics (OBD) scanner connected to the electronic 

control unit (ECU). This scanner transmits data to an embedded 

microcontroller through a Bluetooth module. The microcontroller, which 

includes software for controlling oxygen measurement and production, 

operates to decrease greenhouse gas emissions. The results show that the 

electronic device, IC ELM327, decodes OBD into RS232, processes the 

oxygen output from the exhaust pipe using embedded programming on the 

Arduino Uno-R3 microprocessor, and controls the oxygen production unit 

with electrolyte technology. The system adds 9.82% oxygen to the exhaust 

and reduces carbon monoxide by 21.04% and carbon dioxide by 13.86%. 

Additionally, the technology transfer received high satisfaction with a mean 

score of 4.61, indicating efficient technology dissemination. 
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1. INTRODUCTION 

Vehicle emissions resulting from the combustion of various fuels lead to the release of carbon 

monoxide, particulate matter, hydrocarbons, sulfur dioxide, and other pollutants, which significantly 

contribute to the greenhouse effect [1]–[3]. These emissions are linked to global warming and climate 

change, impacting ecosystems and human health adversely [4], [5]. According to the Organization for 

Economic Co-operation and Development (OECD) 2010, personal vehicles are responsible for approximately 

65% of carbon dioxide emissions in the transportation sector [6]. For instance, an average car emits around 

271 grams of carbon dioxide per kilometer traveled, substantially contributing to overall emissions when 

multiplied by the number of vehicles in use [7], [8]. 

In light of increasing environmental awareness and stringent regulations, there is a pressing need for 

innovative technologies to reduce vehicle emissions [9], [10]. Various studies have explored the use of 

oxyhydrogen (HHO) gas produced by electrolysis as a supplementary fuel, which has shown promise in 

https://creativecommons.org/licenses/by-sa/4.0/


Int J Elec & Comp Eng  ISSN: 2088-8708  

 

Greenhouse gas reduction system for engines using electrolyte technology (Bopit Chainok) 

5525 

reducing harmful emissions [11]–[13]. For example, the use of HHO gas can lower the output of CO2 and 

NOx during combustion, thereby improving fuel efficiency and reducing environmental impact [14]–[16]. 

This research aims to design and develop a greenhouse gas reduction system for internal combustion 

engine vehicles, utilizing electrolysis technology and embedded programming. The system will be evaluated 

for its efficiency and effectiveness in reducing greenhouse gases and facilitating technology transfer for 

practical application [17]–[19]. Further, the integration of advanced oxidation processes is considered to 

enhance the treatment of exhaust gases [20], [21]. Additionally, the role of smart grids and renewable energy 

sources in supporting such environmental technologies is becoming increasingly important [22], [23]. The 

application of electrostatic precipitators and advanced water treatment methods also provides a broader 

context to the environmental technologies being developed [24], [25]. 

 

 

2. METHOD  

The development and deployment of a greenhouse gas reduction system for vehicles powered by 

internal combustion engines encompass a comprehensive integration of diverse technologies and several 

meticulous steps. This section elaborates on the systematic methodologies adopted for designing, developing, 

and evaluating the innovative system. Central to the system’s functionality is the application of electrolysis 

technology, supplemented by sophisticated embedded programming and seamless integration with the 

vehicle’s on-board diagnostics (OBD) protocol. This multifaceted approach ensures that the system not only 

meets the desired environmental goals but also aligns with contemporary technological standards for 

automotive emissions control. The overarching aim is to achieve a significant reduction in greenhouse gas 

emissions through a reliable, efficient, and scalable solution that can be adapted across various internal 

combustion engine platforms. 

 

2.1.  System design and development 

The system is designed to reduce greenhouse gas emissions from internal combustion engines by 

integrating electrolysis technology with a microcontroller for efficient production of oxyhydrogen gas (HHO). 

The core component, the electrolytic cell, splits water molecules into hydrogen and oxygen, powered by the 

vehicle’s electrical system. It includes an anode that releases oxygen and a cathode that releases hydrogen. The 

oxyhydrogen outlet directs HHO gas to the engine, reducing emissions, while the gas pressure-controlled 

reaction system regulates gas flow and pressure for safe and efficient operation, as shown in Figure 1. The 

embedded microcontroller (Arduino Uno-R3) manages the electrolysis process and interfaces with the 

vehicle’s electronic control unit (ECU), adjusting electrolysis parameters dynamically based on data received 

via a Bluetooth OBD scanner connected to an OBD-II port. This scanner, an IC ELM327, interfaces with the 

ECU, decoding and transmitting critical engine parameters to the microcontroller. Custom software developed 

for the microcontroller processes this data, using AT-commands to optimize gas production and reduce 

emissions. Oxygen production control allows the microcontroller to control oxyhydrogen gas production in 

real-time, analyzing oxygen levels in the exhaust to effectively reduce greenhouse gases while maintaining 

engine performance. The system design ensures a balance between oxygen and hydrogen production, 

significantly reducing emissions such as CO2 and NOx, with the entire process carefully monitored to adapt to 

varying vehicle operating conditions (refer to Figure 1 for a schematic of the electrolytic cell). 
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Figure 1. Schematic of the electrolytic cell for GHG reduction in combustion engines 



                ISSN: 2088-8708 

Int J Elec & Comp Eng, Vol. 15, No. 6, December 2025: 5524-5534 

5526 

The prototype of an oxyhydrogen gas production system utilizes a battery as the power source and 

operates on the principle of electrolysis. This involves immersing two sets of electrodes in a solution and 

connecting them to the positive and negative terminals to generate oxygen (O2) at the positive electrode and 

hydrogen at the negative electrode. Production is controlled to utilize only oxygen gas, as depicted in  

Figure 2. 

From Figure 2, the image shows a prototype of an electrolysis-based oxyhydrogen gas production 

system. On the left, a cylindrical electrolytic cell is visible, which is where water is electrolyzed to separate it 

into hydrogen and oxygen gases. The system's control unit, housed in a white box on the right, contains 

various electronic components including microcontrollers and wiring. This unit manages the electrolysis 

process, regulating voltage and current as necessary. The setup appears to be mounted on a metal frame for 

stability and includes various tubes and wires connecting the components, indicating the pathways for gas 

transport and electronic connections. 

 

 

 
 

Figure 2. Battery-powered oxyhydrogen generator based on electrolysis 

 

 

2.2.  Embedded microcontroller and data communication 

Designing and constructing a gas production control unit suitable for automobiles involves 

integrating a connection with the engine's OBD2 port via an OBD2 interface unit. This setup facilitates 

communication through Bluetooth technology, allowing data to be wirelessly transmitted and displayed on a 

computer. The computer processes this information to control the production of gas by the oxyhydrogen gas 

production system through relays using a microcontroller. Preliminary system testing and experimentation 

are depicted in Figure 3. 
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Figure 3. Data communication and control flow 

 

 

Figure 3 illustrates the data communication and control flow in a vehicle’s gas production system. 

At the heart of the setup is an Arduino board that serves as the central processing unit. It interfaces with the 

vehicle’s ECU through an OBD-II port, facilitated by an OBD2 interface board equipped with Bluetooth 

technology. This setup enables the Arduino to receive critical engine data wirelessly. A relay component is 

also depicted, indicating its role in the operation, possibly to control the flow or activation of specific 

processes within the system based on the data received from the ECU. 
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This diagram illustrates the data communication and control setup within the oxyhydrogen gas 

production system for vehicle engines. At the heart of the system is an Arduino board that functions as the 

primary control unit. It communicates via Bluetooth with the OBD2 interface board, which is connected to 

the engine's OBD2 port. This setup enables real-time data transmission from the vehicle’s engine to the 

Arduino, which processes the data and controls a relay. The relay manages the electrolysis process, crucial 

for the efficient and safe production of oxyhydrogen gas. This integrated system ensures precise control of 

gas production, enhancing vehicle efficiency and reducing emissions. 

This image, shown in Figure 4, illustrates the data communication and control setup within the 

oxyhydrogen gas production system for vehicle engines. At the core of the system is an Arduino board that 

functions as the primary control unit. It communicates via Bluetooth with the OBD2 interface board, which 

connects directly to the engine's OBD2 port. This configuration enables real-time data transmission from the 

vehicle’s engine to the Arduino, which then processes the data and controls a relay. The relay plays a critical 

role in managing the electrolysis process, essential for the efficient and safe production of oxyhydrogen gas. 

This integrated approach ensures precise control of gas production, enhancing vehicle efficiency and 

reducing emissions.  

 

 

 
 

Figure 4. Experimental setup for oxyhydrogen gas production in vehicle engines 

 

 

2.3.  The design and construction of a data acquisition system for gas production monitoring in a 

greenhouse involves key components 

The design and construction of a data acquisition system for monitoring gas production in a 

greenhouse involves various components. As depicted in Figure 5, the system incorporates oxygen (O2) 

sensors and carbon dioxide (CO2) sensors installed along the exhaust pipe. These sensors are crucial for 

measuring the O₂ left over from combustion and the CO₂ levels at the catalytic converter where the 

oxyhydrogen gas produced by the system is utilized to reduce emissions. 

 

 

Engine
Arduino

Microcontroller

Exhust Pipe Exhust Pipe

O2 Sensor CO2 Sensor

 
 

Figure 5. Data communication system diagram 

 

 

In the real-world setup shown in Figure 6, the system comprises a laptop with programming 

software connected via Bluetooth to an OBD2 interface. This interface is connected to the engine's OBD2 

port and relays information to a microcontroller. The microcontroller processes the data and controls the 

relay for the electrolysis unit, ensuring efficient gas production and emission control. This setup exemplifies 

a practical application of embedded systems in automotive applications for environmental enhancement. 
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Figure 6. Experimental setup for gas production monitoring 

 

 

3. RESULTS AND DISCUSSION  

3.1.  Results of oxygen measurements before and after passing through the catalytic converter in engine 

exhaust 

Following the design and development phases, the project advanced to experimental testing to 

validate theoretical models and practical implementations. This crucial phase assessed the system's 

performance in a controlled environment, focusing on measuring oxygen levels in the exhaust before and 

after passing through the Catalytic converter, see in Table 1. These tests verified the system's effectiveness in 

enhancing combustion and reducing emissions, bridging the gap between conceptual design and practical 

functionality. Figure 7 illustrates the oxygen measurements under controlled conditions: Figure 7(a) without 

supplemental oxygen and Figure 7(b) with controlled oxygen introduction. Researchers used an oxygen 

analyzer (Model JAY-120) to conduct ten trials, analyzing the data to calculate mean values for thorough 

statistical evaluation. 

 

 

Table 1. Oxygen levels before and after catalytic conversion in engine exhaust 
Test number Oxygen level (%) before Oxygen level (%) after 

1 6.8 11.8 
2 8.5 12.9 

3 6.4 13.7 

4 7.5 14.9 
5 9.5 15.6 

6 7.8 16.5 

7 10.5 16.9 
8 8.8 17.2 

9 7.4 17.4 

10 8.5 17.6 

 

 

  
(a) (b) 

 

Figure 7. Oxygen measurement in controlled conditions (a) without supplemental oxygen and  

(b) controlled oxygen 



Int J Elec & Comp Eng  ISSN: 2088-8708  

 

Greenhouse gas reduction system for engines using electrolyte technology (Bopit Chainok) 

5529 

Table 1 details the oxygen levels measured before and after the catalytic conversion process in the 

engine exhaust. It is evident from the table that introducing controlled oxygen into the system consistently 

increases the oxygen levels in the exhaust, demonstrating the effectiveness of the catalytic converter in 

enhancing combustion efficiency. Figure 8 further provides a comparative analysis of the oxygen levels 

before and after treatment with the catalytic converter, graphically illustrating the increase in oxygen 

concentration post-treatment, which aligns with the data shown in Table 1. This increase indicates a more 

complete combustion process, potentially reducing harmful emissions. 

 

 

 
 

Figure 8. Comparative analysis of oxygen levels before and after treatment with catalytic converter 

 

 

3.2.  Measurement of exhaust gas emissions from diesel engines  

Researchers employed an exhaust gas analyzer to assess the emission levels from diesel engines. 

This involved determining the gas concentrations resulting from the combustion process within the engine's 

exhaust. The analysis was carried out on a real vehicle, and measurements were taken ten times to ensure 

consistency and reliability. The collected data were then statistically analyzed, focusing on average values 

and standard deviations. The results are summarized in Table 2, which shows the concentrations of various 

gases at an engine speed of 1,200 RPM. 

 

 

Table 2. Exhaust gas measurements from a diesel engine at 1,200 RPM 
Gas Type Average measured concentration (over 10 trials) 

Oxygen (% volume) 17.50 

Carbon Monoxide (ppm) 950.5 

Carbon Dioxide (ppm) 532.0 

 

 

3.3.  Measurement of oxygen levels produced from the oxyhydrogen gas production system 

Researchers utilized an oxygen analyzer (model JAY-120) to measure the oxygen levels generated 

by the oxyhydrogen gas production system. They conducted ten measurements and subsequently analyzed 

the data statistically to calculate mean values and standard deviation. The testing of the oxyhydrogen gas 

production system revealed that it can consistently produce oxygen at a concentration of 94.34%, making it 

viable for integration into relevant systems. From the results listed in Table 2, it is evident that the oxygen 

levels at the exhaust pipe were significantly lower than the normal atmospheric concentration of 20.9%. 

Additionally, high levels of carbon monoxide (CO) and carbon dioxide (CO2) were recorded, indicating 

substantial emissions of these gases. 

 

3.4.  The utilization of oxygen produced by the developed oxyhydrogen gas production system in diesel 

engines 

Researchers will introduce oxygen produced by the developed oxyhydrogen gas production system 

into the catalytic converter of a diesel engine's exhaust system. Subsequently, an exhaust gas analyzer will be 

used to measure the gas content in the diesel engine's exhaust to determine the amount of gas combusted 
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from the exhaust. This testing will be conducted ten times, with the data recorded and analyzed statistically 

using mean values and standard deviation (S.D.), as shown in Table 3. From Table 3, it is evident that the 

oxygen content at the exhaust end has increased significantly, and the levels of CO have greatly decreased, 

while CO2 levels have slightly decreased compared to the results without the system installed in Table 2. 

These results are presented as percentage reductions, illustrated in Figure 9. 

 

 

Table 3. Test results of gas quantities in diesel engine exhaust after implementing the oxyhydrogen gas 

production system 
Gas type Average gas quantity measured over 10 Tests (ppm) 

Oxygen (% volume) 18.9 

Carbon Monoxide (ppm) 770.0 

Carbon Dioxide (ppm) 434.0 

 

 

3.5.  Testing of the oxyhydrogen gas control system for vehicles 

The research focused on the design and development of a system integrated with engine control 

through the OBD protocol. This phase involved creating compact, energy-efficient hardware and software 

suitable for vehicle exhaust systems, ensuring minimal modifications to the existing vehicle structure. The 

developed system seamlessly connects with the electronic engine control unit using an OBD module that 

communicates via Bluetooth, allowing easy pairing with a microprocessor for efficient oxygen measurements 

post-catalytic conversion. These capabilities were crucial for regulating the electrolysis process to reduce 

carbon monoxide and dioxide emissions, as depicted in Figures 9(a) and 9(b). 

Subsequently, the system was installed on an ISUZU DMAX 2500 CC diesel vehicle with a 

common rail system, owned by the project leader. Before commencing real-world testing, the system was 

equipped with an exhaust reduction unit at the tailpipe. This setup facilitated the collection of operational 

data during testing, illustrated in Figures 9 (a) and 9(b), which underscored the system's efficacy in 

enhancing oxygen levels and reducing harmful emissions under controlled conditions. 

Preliminary testing of the system at idle speeds of 1,000-1,200 RPM revealed significant 

improvements in exhaust gas composition. The results showed an increase in oxygen concentration at the 

exhaust, while carbon monoxide levels decreased substantially, and carbon dioxide levels slightly declined. 

These findings are detailed in Table 4 and Figure 10, which compares gas volumes before and after the 

system installation on a real vehicle. 

 

 

  
(a) (b) 

 

Figure 9. Vehicle system testing with installation: (a) system installation on an ISUZU DMAX 2500 CC 

diesel's exhaust pipe and (b) setup displaying the exhaust gas analyzer in use during testing 

 

 

Table 4. The comparison of measured gas quantities before and after system installation 
Type of Gas volume Percentage 

Gas Before After (- decrease / + increase) 

Oxygen (% volume) 17.35 19.24 +9.82 

Carbon Monoxide (ppm) 855.5 675.5 -21.04 

Carbon Dioxide (ppm) 560.4 482.7 -13.86 
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Figure 10. Comparative analysis of gas quantities before and after system installation 

 

 

The experimental results demonstrate that the newly developed system effectively reduces harmful 

emissions from vehicles with internal combustion engines. By introducing oxyhydrogen gas (HHO) 

generated through electrolysis, the system enhances combustion efficiency by augmenting the oxygen supply 

in the combustion chamber, leading to more complete fuel combustion and decreased emissions of pollutants 

like CO and NOx. The resultant increase in exhaust oxygen levels further substantiates this efficiency 

improvement. Integration of a Bluetooth OBD scanner with an embedded microcontroller facilitates real-time 

electrolysis monitoring and control, critical for dynamically adjusting electrolysis parameters based on data 

from the vehicle’s ECU. This technological synergy ensures robust data transmission and precise control via 

AT-commands between the ELM327 device and the Bluetooth module. 

The system's impact on reducing greenhouse gas emissions carries substantial environmental and 

economic benefits, notably improving air quality and potentially reducing health risks associated with air 

pollution while saving fuel costs for vehicle owners. Despite these promising outcomes, challenges remain, 

particularly regarding the technical complexity of installing and maintaining the electrolytic cell and 

microcontroller, which may hinder widespread adoption. Future initiatives should aim at simplifying the 

system's design for better accessibility and conducting long-term durability and performance evaluations to 

ensure reliable operation over time. 

The comprehensive satisfaction assessment conducted as part of this research aimed to gauge the 

response from exhaust system manufacturers and automotive professionals to the newly developed 

greenhouse gas reduction system. This evaluation was meticulously designed to encompass various critical 

aspects of the system's application in real-world automotive settings, using a structured satisfaction survey. 

Participants rated their satisfaction on a scale from 1 to 5, where scores ranged from minimal satisfaction to 

maximum satisfaction. The assessment covered the system's structural design and compatibility, where the 

overall design and individual components were evaluated for their suitability with automotive exhaust 

systems. This aspect included assessments of the design's appropriateness for practical use, the adaptability 

of the components used, and the ease of operational procedures. The high average score of 4.65 indicated 

robust approval of the system's structural integration. Furthermore, the system's control mechanisms and 

usability in operational settings received a commendable average score of 4.69. This score reflects that both 

the control interfaces and the operational procedures of the system are well-suited and user-friendly for their 

intended automotive applications. The practicality of maintaining and cleaning the prototype system was also 

highly rated, affirming the system's performance and maintenance ease in actual automotive environments, 

with an average satisfaction score of 4.50. 

Overall, the feedback garnered from training participants was overwhelmingly positive, with high 

satisfaction scores across all evaluated categories, particularly in design and control mechanisms, culminating 

in an average overall satisfaction score of 4.61. This substantial approval, as highlighted during the training 

sessions and workshops (refer to Figure 11), is pivotal in driving forward the technology transfer process, 

ensuring that the system's benefits are effectively communicated and appreciated by the professional 

community. This enthusiastic reception is instrumental in further refining the system and promoting its 

widespread adoption to achieve significant reductions in vehicular emissions. 
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3.6.  Future implications 

The integration of embedded control systems with real-time exhaust monitoring introduces a 

promising direction for intermediate emission-reduction technologies. This system offers a practical retrofit 

solution for existing vehicles, especially in regions where full transition to electric vehicles is not yet viable. 

Experimental results demonstrated significant environmental impact, with a 21.04% reduction in carbon 

monoxide emissions, a 13.86% decrease in carbon dioxide levels, and a 9.82% increase in exhaust oxygen 

concentration. These improvements confirm the system's capability to enhance combustion efficiency and 

reduce harmful emissions effectively. 

With further refinement, the system could be adapted into commercial after-market solutions or 

embedded in future automotive designs to comply with evolving global emission regulations. However, to 

ensure practical adoption, challenges such as system complexity, installation costs, and long-term durability 

must be addressed. Future research should focus on simplifying the system design, conducting extended field 

tests, and enhancing system reliability for large-scale implementation. 

To promote technology transfer and evaluate user acceptance, workshops were organized with 

automotive professionals. Figure 11 illustrates key activities during these workshops. Figure 11(a) shows the 

presentation session, where researchers explained the system's design, functionality, and benefits.  

Figure 11(b) captures the system demonstration, highlighting real-time exhaust gas monitoring and control 

capabilities. Figure 11(c) depicts a discussion panel, where experts and participants provided feedback, 

discussed potential improvements, and explored practical implementation opportunities. These activities are 

essential to ensuring that the system's advantages are communicated effectively to stakeholders, facilitating 

widespread adoption in the automotive sector. 

 

 

   
(a) (b) (c) 

 

Figure 11. Workshop on new greenhouse gas reduction system for automotive professionals 

 

 

4. CONCLUSION  

The developed greenhouse gas reduction system for internal combustion engine vehicles has 

demonstrated significant potential in reducing harmful emissions and improving fuel efficiency. The 

integration of electrolysis technology with embedded microcontroller programming and real-time data 

processing offers an effective solution to the environmental challenges posed by vehicular emissions. Future 

research and development efforts should focus on optimizing the system design, enhancing user accessibility, 

and ensuring long-term reliability to facilitate widespread adoption and maximize environmental benefits. 
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