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Abstract: In the last few decades, researchers have been conducting various studies in search of alternative energy sources to 

reduce dependence on fossil fuels and anticipate future energy scarcity. One such alternative energy is hydrogen, which can be 

obtained through various methods, including electrolysis of water. Hydrogen possesses the characteristics of being flammable, 

odorless, colorless, and tasteless, necessitating the development of a rigorous monitoring and protection system to mitigate 

potential hazards. In this study, a monitoring and protection system was designed for the operation of an electrolyzer using a Dry 

Cell type HHO Generator. The system employs the concept of the Internet of Things, where data is connected through the internet 

network. The data received includes hydrogen concentration readings, electrolyzer operation automation, electrolyzer operating 

status, and hydrogen gas leak detection in the system. The research results obtained showed that the higher the concentration of 

electrolyte and the voltage supplied to the electrolysis process, the faster the production of hydrogen gas is accelerated, 

accompanied by an increase in temperature. If a leakage occurs in a system, the occurrence of the fire triangle will be faster when 

the concentration of electrolyte and the voltage supplied are greater.  
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1. Introduction 

The need for energy continues to increase along with the 

increasing activities carried out by humans over time. 

However, this demand is not aligned with the supply of 

currently available non-renewable energy sources, such as 

fossil fuels. There are several examples of natural energy 

sources that are considered alternative, as they are clean, 

non-polluting, safe, and have unlimited supplies. These 

sources can serve as substitutes for the limited availability of 

fossil fuels. One such example is hydrogen. 

It is important to note that hydrogen is not an energy 

source in itself; it differs from the energy derived from fossils. 

Energy derived from fossils is abundant in nature and can be 

extracted. On the other hand, hydrogen is an energy carrier. 

It cannot be extracted like energy from fossil sources. Instead, 

hydrogen gas must be produced, and one method of 

production is through the process of electrolysis. 

Electrolysis occurs when an electric current flows through 

an ionic compound, causing a chemical reaction to take place. 

The electrolyte solution facilitates electrical conduction, 

creating a direct current source and imparting different 

charges to the two electrodes. The cathode, or negatively 

charged electrode, is connected to the negative pole, while 
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the anode, or positively charged electrode, is connected to 

the positive pole. Electrolysis reactions are classified as non-

spontaneous redox reactions, meaning they occur under the 

influence of electrical energy [1].   

In the process of electrolysis, which produces hydrogen 

(H2) and oxygen (O2), the generation of these gases typically 

begins when an electric current of more than 4 Amperes is 

applied [1]. One way to obtain hydrogen is by breaking down 

the compound water (H2O) into hydrogen and oxygen gases, 

also known as HHO gas or Brown's gas. This is achieved 

through an electrolysis process with the assistance of a direct 

electric current. The resulting gas is highly flammable, 

making it a suitable alternative to conventional fuels in 

engine applications. 

Research on how to produce hydrogen has been carried out 

to produce efficient hydrogen gas production. The 

electrolysis process is influenced by various factors that can 

affect the amount of hydrogen production produced and the 

efficiency of the electrolysis system, including electric 

current, electrolyte, temperature, pressure and the electrical 

voltage that is delivered. One of the most popular ways to 

increase hydrogen production is to use an electrolyte. Some 

of the electrolytes commonly used to help the process of 

electrolysis include NaCl, NaOH and seawater. In the 

electrolysis process using NaCl as electrolysis, it was found 

that the hydrogen gas content can be produced as much as 

78.45% at a NaCl concentration of 50% [2]. The production 

of hydrogen gas is found to be directly proportional to the 

NaCl concentration given, resulting in an increased 

production capacity. However, at a certain point, the 

production capacity of hydrogen gas will cease to increase as 

the hydrolyzed hydrogen level reaches a saturation point [3]. 

Electrolysis using NaOH at a concentration of 50% produces 

a hydrogen gas content of 78.34% [4], In addition, the 

electrolysis process using NaOH at a concentration of 50% 

achieves an electric current efficiency of 89.13% [5]. The 

efficiency obtained by using NaOH is significantly higher 

compared to using seawater, which is only around 12.99% [6] 

[7]. Brackish water is converted into an electrolyte with a 

remarkably high efficiency, reaching 93.33% [8]. The 

concentration of the electrolyte significantly influences the 

quantity of hydrogen gas produced. In addition to the 

electrolytes mentioned above, KOH exhibits similar 

characteristics when used as a catalyst in the electrolysis 

process. Increasing the concentration of KOH in the 

electrolysis process results in a higher production of 

hydrogen gas [9] [10]. 

Hydrogen possesses flammable, odorless, and colorless 

characteristics, which raise safety concerns in the production 

process. Both in its liquid and gas phases, hydrogen is 

considered a hazardous chemical substance. It has 

flammability within a range of 4-75% flammability limits in 

air and requires an energy of 0.02 MJ to ignite, making it 

flammable when exposed to sparks caused by static 

electricity. The U.S. Department of Energy (DOE) has 

reported 208 accident cases worldwide related to hydrogen 

plants from 1995 to 2013 [11]. 

The focus on security regarding hydrogen began 40 years 

ago, particularly in the industrial sector. Since then, 

infrastructure has been developed to safely produce, store, 

and transport hydrogen gas. [12]. The diffusivity of hydrogen 

gas is 3.8 times faster than that of natural gas. Furthermore, 

its liquidity is twice as fast as Helium gas and six times faster 

than natural gas, which has a speed of 20 m/s. [12]. Therefore, 

if there is no structure to contain the rising gases, such as a 

roof or ventilation openings, hydrogen will not accumulate 

around the source of the leak. Additionally, it is crucial to 

restrict hydrogen to non-dangerous concentrations. [12]. The 

effect of a leak in an enclosed space can create a hazardous 

situation, potentially causing severe damage to property, 

posing risks to human health, and even leading to fatalities 

[11]. 

 To mitigate the potential risks of leakage, it is essential 

to analyze safety factors associated with the production and 

storage processes of hydrogen gas. One critical aspect that 

influences the safety factor of hydrogen production is the 

storage and gas flow management [13].  Currently, the most 

prevalent methods for storing hydrogen gas are through 

compressed gas and in liquid form. In the future, there will 

be further advancements in solid-state storage methods, 

which are anticipated to become more widely used. However, 

the main obstacle at present is the relatively high cost 

associated with these storage technologies [14], [15]. 

With the rapid advancement of technology, various 

technologies are emerging to enhance the level of security in 

high-risk production processes like hydrogen gas production. 

One such technology is sensors. Sensors have the capability 

to convert physical quantities into electrical signals. The 

readings from these sensors can be processed through 

computer programs, providing valuable monitoring 

information and supporting decision-making processes for 

protection measures. Sensors play a crucial role in improving 

safety and enabling efficient monitoring and control in 

industrial operations [16]. This research focuses on 

developing a monitoring and protection system for hydrogen 

gas production, specifically designed for a prototype of a Dry 

Cell type HHO Generator. By utilizing existing technology, 

the system will gather data from sensors that monitor the 

condition of the equipment. The researchers aim to detect 

and supervise any leaks in the hydrogen gas production 

system. The collected data will be processed and presented 

in real time, utilizing internet of things technology [17]. The 

aim of this research on monitoring and protection systems is 

to provide users with rapid information regarding the status 

of hydrogen gas production conditions. By doing so, it is 

expected to support the uninterrupted supply of 

environmentally friendly and safe new energy sources. 

2. Experimental Design 

The research process is divided into two stages: hardware 

design and software design. 
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2.1. Hardware Design of The Equipment 

The hardware design activities include fabricating acrylic 

boxes, assembling all components on the PCB, installing 

sensors at designated locations, and integrating the monitoring 

and protection system equipment onto the HHO Generator 

equipment that will be monitored and safeguarded. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Hardware Design for Monitoring and Protection System 

Equipment in HHO Generators for Hydrogen Production 

2.2. Software Design of The Equipment 

The software design aims to enable programming and 

coding for the installed sensors, allowing them to provide data 

to the user, including gas concentration, pressure, temperature, 

humidity, and the status of water flow in the electrolyzer. A 

program was developed in this study to function as a hydrogen 

gas leak detector and equipment automation, based on the 

water level in the bubbler. The water level in the bubbler 

serves as an indicator for the water reservoir to open the faucet 

and maintain sufficient water levels for the operation of the 

electrolyzer. The monitoring system, which has been created 

and integrated, operates through the Internet of Things. 

To understand the functionality of the developed program, 

a flowchart is created to illustrate the system's operations and 

ensure its proper functioning. The flowchart serves to 

determine the step-by-step sequence of processes to be 

executed by the application and the microcontroller. It forms a 

fundamental part of the system, laying the initial foundation 

before the actual development of the system or device. If the 

mapped flowchart is incorrect, it is certain that the resulting 

system or device will not function as intended. Therefore, it is 

crucial to follow these basic procedures to understand the 

system's components and create an improved system [18]. 

The flowchart of the designed monitoring and protection 

system for hydrogen production can be seen in the figure 

below: 

 

 

 

 

 

 

 

 

 

 

Figure 2. Flowchart of Water Level Detection and Electrolyzer Operation 

Automation 

The logic for the valve conditioning signal for water flow 

to the electrolyzer can be described in the table below: 

Table 1. Water Level Signal Conditions For Electrolyzer Automation 

Water Level Condition 
Solenoid Valve 

High Low 

0 0 Close 

0 1 Close 

1 0 Error 

1 1 Open 
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Figure 3. Flowchart of Hydrogen Gas Leak Detection 

The programming involves two software components: 

Arduino, which acts as a microcontroller to process data from 

sensors and provide instructions based on specific conditions, 

and the Blynk Application, which serves as an Internet of 

Things platform for users to monitor the operating status of the 

HHO Generator. 

 

 

 

 

 

 

 

 

Figure 4. Display of the Hydrogen Production Monitoring and Protection 

System Program for the HHO Generator on the Blynk Application, Arduino 

Application, and Websites 

3. Result And Discussion 

3.1. Automation System Testing 

The testing activity of the water filling automation system 

for the electrolyzer involves testing the response of the sensor 

to the water level inside the bubbler. The sensor sends a signal 

to the microcontroller to be processed in a program and 

executed based on the conditions specified in Table 1. To 

observe changes in signal conditions, the water level sensor 

can be monitored. The level sensor detects the water level in 

the bubbler and sends a signal response to instruct the solenoid 

valve to open or close based on the water level conditions. The 

solenoid valve receives commands from the relay, which 

serves as an automatic switch, based on the signal received 

from the microcontroller. 

 

 

 

 

(a) 

 

 

 

 

(b) 

Figure 5. (a) Sensor and Relay Responses When the Water Level is Full (b) 

Sensor and Relay Responses When the Water Level Decreases 

 The results of testing the sensor response for the 

automation of water filling in the bubbler for the electrolyzer 

are as follows: 

1. When both the high and low level sensors detect the 

water level, the solenoid valve is closed 

2. When the high level sensor does not detect the water 

level but the low level sensor detects the water level, 

the solenoid valve is closed 

3. When both the high and low level sensors do not detect 

the water level, the solenoid valve is open 

3.2. Hydrogen Gas Leak Detection Test 

The hydrogen gas leak detection testing activities involve 

intentionally leaking the gas hose during the charging process 

for storage. The sensor's response to the leaking gas is 

examined to analyze how quickly it can provide a signal to 

notify the user of a leak. This prompt notification allows the 

user to take immediate action to stop the operation of the 

electrolyzer. To conduct the test, a hydrogen sensor is placed 

inside an acrylic box with a hole at the top. The purpose of the 

acrylic box is to contain any leaking hydrogen gas, preventing 

it from escaping into the surrounding air. The sensor, attached 

to the top of the box, can detect the presence of the gas. This 

setup is necessary because hydrogen, being lighter than air, 

tends to rise and evaporate upwards [19]. By conducting these 

tests and analyzing the sensor's response time, the 

effectiveness of the hydrogen gas leak detection system can be 

evaluated. It ensures the safety of the production process by 

promptly notifying the user of any leaks, enabling them to take 

immediate action to prevent further risks. 

Observations were conducted by varying the 

concentration of the KOH electrolyte (0.2 M, 0.4 M, and 0.6 

M) and the supplied electric voltage (12 Volts DC, 13 Volts 

DC, and 14 Volts DC) during a 60-second electrolysis 

operation. The purpose of this test was to simulate a leak 

scenario and assess the system's response. The duration of 

the operation was intentionally kept brief to mitigate any 

potential risks, such as equipment damage or the 

accumulation of hydrogen gas, which could pose a risk of 

explosion inside the acrylic box. 
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(d) 

Figure 6. Graph of Hydrogen Readings Based on Variations in KOH 

Electrolyte Concentration and Supply Voltage (a) 12 Volts (b) 13 Volts (c) 14 

Volts (d) Hydrogen Concentration Readings in the Monitoring System 

Based on the experimental results, it was found that the 

electrolyte concentration and supply voltage have an impact 

on the amount of hydrogen concentration produced. The 

increase in electrolyte concentration is accompanied by an 

increase in voltage, which leads to an increase in the electric 

current flowing during the electrolysis process [20]. As a 

result, a higher electric current increases the rate of electric 

charge in the solution, leading to a greater number of 

electrons being transferred per unit time and an increased 

volume of hydrogen being formed [21], [22]. This can be 

observed from the graph depicted in Figure 6. The production 

rate of hydrogen, whether due to system leakage or 

intentional gas production, is higher when the electrolyte 

concentration and supply voltage are increased. Therefore, it 

is crucial to promptly respond to any leaks to prevent the 

conditions for fire occurrence, as per the fire triangle theory 

(heat, air, and fuel). One of the challenges in researching 

protection against hydrogen gas leaks is the gas's nearly 

invisible nature to the naked eye. This is because the 

combustion products resulting from the reaction between 

pure hydrogen and oxygen mainly emit ultraviolet waves 

[23]. So, when designing a protection system capable of 

detecting hydrogen gas at the smallest possible concentration 

scale, it is important to consider the cost implications of the 

sensor. Ensuring the system's sensitivity to detect even low 

levels of hydrogen gas concentration in order to address 

potential leaks may require more advanced and expensive 

sensors. 

In this study, the MQ-8 sensor was used, which is an 

affordable sensor suitable for research-scale purposes. The 

sensor has a reading scale ranging from 100 to 1000 ppm. If 

the hydrogen concentration falls within this range, the sensor 

will detect it and send a signal to the program to stop the 

operation of the electrolyzer. During the experiment, one 

sensor replacement was required due to overheating caused 

by prolonged exposure to gas and the increasing temperature 

inside the acrylic box. The temperature increase was a result 

of the rising hydrogen concentrations and the supplied 

electric voltage. As the temperature rose, the sensor's voltage 

value also increased [24]. This resulted in the sensor being 

damaged due to the surrounding temperature conditions 

exceeding the threshold characteristic of the MQ-8 sensor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Condition of MQ-8 Hydrogen Sensor after Overheating 

Sensors must be selected based on their characteristics when 

determining the suitable type of hydrogen sensor for use in 
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production activities. For a leak detection protection system in 

industrial-scale hydrogen production, it is important to choose 

a sensor that can read a wide range of concentrations and can 

withstand high ambient temperatures. Sensors designed for 

industrial applications are often priced higher compared to 

those available for research purposes or for use with 

microcontrollers. The standard characteristics of hydrogen 

sensors suitable for industrial-scale use are defined by the 

specifications set by the U.S. Department of Energy (DOE) 

[12]. 

 

Table 2. Specifications For Hydrogen Sensors According To Department Of 

Energy (DOE) Industrial Scale Standards [12] 

Parameter 
Performance 

Requirement 

DOE 

Requirement 

Sensitivity range < 0.1 to > 4% 

Measuring range 0 – 4 

vol% H2 in air; 

Stationary: 

Measuring range Up to 1 

vol% H2 in air (alarm 

limit) 

Lower detection limit < 

0.1 vol% 

Survivability limit 100% 100% 

Response time < 30s < 30s 

Recovery time < 30s < 30s 

Temperature 

range 
-20˚C 

Ambient temperature -40 

to 125˚C 

Pressure range 80-110 kPa - 

Humidity range 

Ambient (relative 

humidity range) 

20 - 80% 

Ambient humidity: 

0 – 100% relative 

humidity 

Power 

consumption 
< 1W - 

Lifetime > 5 years 
Durability/lifetime : 3 – 

5 years 

Accuracy and 

repeatibility 
10% Accuracy: 10% 

 

In a monitoring system, the availability and stability of the 

internet network are crucial for real-time data receiving and 

sending. Therefore, it is important to ensure the condition of 

devices that support database delivery on the Internet of 

Things network, such as the ESP12E WiFi communication 

protocol module and the Blynk application as an interface. 

When using the Blynk application, the database display is 

limited to one week for free accounts, but with a premium 

account, the Blynk application can record databases for up to 

three months. Considering the need for data archives and the 

stability of the internet connection, especially during the 

operation of the electrolyzer, becomes essential. This ensures 

that any hazardous conditions, such as a hydrogen gas leak, 

can be detected and prevented promptly. Establishing a robust 

internet network infrastructure in the electrolyzer operating 

area is crucial to ensure continuous information flow from 

users regarding the safety conditions of hydrogen gas 

production. 

4. Conclusion 

The monitoring and protection system designed for 

hydrogen gas production can provide users with information 

regarding the safety status of the electrolyzer operation. 

Through observations, it was found that higher electrolyte 

concentration and supply voltage in the electrolysis process 

result in increased hydrogen gas concentrations within a 

shorter time. Therefore, to ensure safety in the hydrogen 

production process using electrolysis and to implement a 

monitoring and protection system, it is essential to have a 

sensor that can quickly respond to system leaks and accurately 

measure hydrogen concentrations, particularly for industrial 

purposes. The incorporation of internet connectivity within the 

electrolyzer system environment is necessary to maintain 

stable data transmission and provide users with continuous and 

real-time information. 
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