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Abstract.  

The issue of the use of hydrogen technologies as an alternative fuel future is the topic of numerous studies. 

From this reason is build centre of research integration efficiency of combined systems of renewable energy 

where is important to ensure the safety and health at work. 
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Introduction 

One of the properties of hydrogen is also the most dangerous, the creating of explosive atmosphere with 

wide range of concentrations. Hydrogen in combination with air is highly flammable and explosive, and it is 

therefore important to know its lower and upper explosive limit. The contribution is mainly focused on the 

properties of hydrogen, risk assessment and obligations in constructing, designing and working in explosive 

environment. 

 

1. Properties of hydrogen 

Hydrogen is colorless water insoluble biogenic gas 14 times lighter than air. Its mixture with air creates a 

Explosive Gas. Hydrogen burns with very hot flame forming water, the temperature reaches 1900 ° C. Of all 

the gases, hydrogen has the lowest thermal conductivity and internal friction, and hence the highest diffusion 

capacity [1]. In the table 1 are physicochemical properties and fire safety characteristics important for 

familiarization with hydrogen [2]. 
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Tab. 1 Properties of hydrogen [2] 

Chemical formula H2 

Molecular mass 2,01588 g/mol 

Melting point (at pressure 101,3 kPa)  -259,2 °C 

Boiling point (at pressure 101,3 kPa)  -252,7 °C 

Critical temperature -239,9 °C 

Critical pressure  1,29 MPa 

Density of gas (at 0 °C, 101,3 kPa)  0,08987 kg/m3 

Relative density of gas (air=1)  0,07 

Ignition temperature (approx.) 520 °C 

Lower explosive limit 4 obj. % 

Upper explosive limit 75 obj. % 

Color  Colorless 

Odor  Odorless 

UN  1049 

Hydrogen, pressured 

CAS 333-74-0 333-74-0 

ES No:  215-605-7 

Temperature classification T1 

Apparatus group   II C 

 

1.1 Risk of explosion  

Hydrogen forms with air a flammable and explosive mixture over a wide range of concentrations, for the 

explosive mixture it is 4-75 % by volume.  

It has, unlike the other gases at ordinary temperatures negative Joule-Thomson coefficient, and therefore its 

temperature increases with decreasing pressure. Rapid expansion of the hydrogen can cause spontaneous 

combustion. Hydrogen has very low ignition energy, and even a small electrostatic charge (0.02 J) may 

initiate its ignition.  

Low viscosity and small size of the hydrogen molecule puts increased demands on sealing of the hydrogen 

fuel system. Leakage of hydrogen cannot be detected by human senses. In case of leakage output of 

hydrogen from reservoir or tank must be stopped, it is necessary to immediately turn off all electrical 

devices turn and remove all flame sources, and then provide intensive ventilation to the affected area. Before 

refilling transport pipes, the system must be flushed out with clean hydrogen. In complex distribution 

systems will be first used nitrogen and then hydrogen to flush the system. 

Hydrogen/air mixture is highly flammable. The mixtures of hydrogen with fluorine and chlorine are also 

explosive (they can be initiated just by light). 

The basic safety rule when handling hydrogen is to prevent a mixture of hydrogen and air. For these 

dangerous properties it is necessary to work with extreme care when handling compressed hydrogen [ 3 ]. 

 

2. Description of the hydrogen laboratory system  

The system can be divided into two main areas, namely: hydrogen and an electrical circuit. Assembly and 

wiring schematic is shown in Fig. 1, where: 

• Blue - electrical circuit, 

• Dark green - high pressure hydrogen circuit, 

• Green light - low pressure hydrogen circuit, 

• Red - water circuit. 
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Fig. 1 Block diagram of the system [4]  

 

2.1 Description of technology  

Technology is designed to produce and storage electricity from sunlight. In case of good weather the 

electricity produced in solar cells is inverted and transferred trough wiring to electrical appliances. Unused 

excess energy is transferred to the electrolytic cell. Electrolytic cell is connected through deionizer to a water 

reservoir to achieve high purity and quality of water. In the electrolytic cell by adding of electric current 

occurs a chemical reaction that results in the hydrogen and oxygen output. The hydrogen at output with the 

sufficient pressure is directed using a high pressure line and return valves to storage in metal hydride tanks.  

On the pipeline from the storage tanks to combustion units (hydrogen fuel cell) gas passes through pressure 

reducer. The fuel cell transforms the internal energy of hydrogen gas into electrical energy.  Inverter 

converts direct current using into alternating current. This electric energy is consumed at night or in the case 

of insufficient solar source. The battery serves as the short time reserve in case of solar source fluctuations.  

By-product of the production of hydrogen is oxygen, which can be used for other processes. 

 

3. Protective and preventive measures  

On the basis of risk analysis has been proposed various measures that are shown in the block diagram in 

Figure 2. The proposal includes the layout of rooms and various facilities. Not all measures are binding, but 

can serve as a recommended precaution. 
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Fig. 2 Block diagram of the measures in laboratory  

 

Measures taken should be appropriate to the nature of its activities in accordance with these basic principles 

[5]: 

 

• Prevention of explosive atmospheres. 

• Avoidance of sources of ignition in places where the assumption of an explosive atmosphere exist. 

• If ignition sources cannot be excluded, provide measures to mitigate the effects of an explosion. 

 

The first step in preventing protection against explosion is to ensure that there's never been an explosive 

atmosphere. Hydrogen, due to its low viscosity, is particularly prone to leak from the pipeline, and therefore 

particular attention should be paid to ensure a gas-tight connection of any equipment containing hydrogen. 

Sufficient ventilation ensures that any leak of hydrogen has not created an explosive atmosphere above the 

(Lower Explosion Limit) LEL. The following principles should be used to ensure that the predictable release 

of hydrogen could accumulate to concentrations that affect the safety of persons and property [5]: 

 

• Prefer to place the hydrogen storage or equipment in the external environment. 

• Estimate the maximum release rate. 

• Ensure adequate ventilation. 
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• Take into account the low ceilings, canopies, covers and roofs. 

• Ensure that air is drawn from a safe place. 

• Ensure that openings and vents are directed to safe place. 

 

If it is not possible to prevent an explosive atmosphere or the process working with explosive atmosphere is 

another level of protection prevent sources of ignition in areas where there occur explosive atmosphere. It is 

necessary to take into account the different types of initiation, including work with hot surfaces, smoking, 

vehicles, mobile phones, work clothes, etc..  Another measure has to be implementing to prevent static 

electricity, which can lead to the discharge and initiate explosion atmosphere. These may include: [5] 

 

• Ensure that all pipes are conductive and have effective electrical continuity, and in particular through 

the mechanical connections, such as flanges. 

• Ensure that all pipes and equipment are effectively grounded. 

• Performing and documenting appropriate earth / continuity checking. 

• Anti-static clothing and footwear. 

 

If an explosive atmosphere is present and ignition sources cannot be removed, it is possible to use measures 

to mitigate the effects of the explosion and prevent the explosion spread to nearby places. There are a 

number of methods that can be used to decrease the pressure generated by an explosion [5]: 

 

• Explosion relief systems, 

• Explosion suppression systems, 

• Explosion isolation systems, 

• Restraint systems, 

• Explosion resistant wall. 

 

3.1 Natural ventilation  

Natural ventilation has been proposed through permanent openings. Openings position is designed to 

prevent emergence of undesired amount of the mixture of hydrogen and air by movement of the air in the 

room. Natural ventilation is insufficient when occur abnormal leakage, but is primarily intended for the 

removal of small amounts of hydrogen leaked from production process or flanges and gaskets. The openings 

for the intake of fresh air is located near the floor of the outer wall and an outlet near the top of the outer 

wall Fig .3. Openings must have a minimum area based on the total volume of the room. Safety standards 

for hydrogen and hydrogen systems are the minimum total vent area of 0.003 m2 per 1 m3 of room volume. 

At 40 m2 surface of the room and the ceiling height of 2.2 m, the volume of 88 m3 room, with the result that 

the size of the vents must be 0.51m to 0.51m [6]. 

Openings should be directed to safe place Fig.2. Ventilation openings must be constructed and maintained 

so that under normal operation obstructed by dust or snow. Within the maintenance of surroundings take 

care of to remove vegetation which should obstruct air inlet and outlet from openings. 
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Fig. 3 Ventilation in laboratory  

 

3.2 Controlling explosion direction 

In the case that it would not be possible to prevent an explosive atmosphere and reduce sources of ignition, it 

is appropriate to use measures to control explosion direction. These measures in the case of the laboratory 

are preventive, because of low likelihood of occur explosive atmosphere. Rooms of classrooms and 

laboratories should be separated by a reinforced wall and windows with safety glass. Part of the outer wall 

of the building, which is shown in Fig. 3 should be by pressure waves destroyed and direct the pressure 

wave to the outdoors. It is possible to use easy destructible wall or part of wall surface in the form of 

cassette panels. 

 

3.2 Other recommendations 

Laboratory staff should not use substances or work equipment which could initiate an explosive atmosphere. 

Employees should use antistatic clothing and footwear. There should be a list of employees who have access 

to the laboratory and for those responsible for the admission of other people. Employees working in the 

laboratory facility should be properly trained and informed of what to do in the event of hydrogen leakage. 

The inlets and outlets of air should be marked as places of prohibited open fire and the smoking ban.  

 

Conclusion 

This paper is aimed to assess the risks and take safety measures for the system with the storage of energy in 

the form of hydrogen, which will be produced and placed in Technical University in Kosice. For hydrogen 

storage was chosen metal hydride tank, which is suitable in terms of safety, due to the pressure in the storage 

tanks is about 15 bars and in case of damage of storage tank or pipeline the hydrogen released slowly. To 
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prevent an explosive atmosphere was used natural ventilation, and in case of leakage is used air fan to vent 

dangerous atmosphere from the laboratory room. All electrical grids and equipment should be suitable to 

explosion atmosphere and operated in accordance with Directive ATEX 100. For control of systems of 

explosive atmosphere prevention was designed controller and its connection to the security features. 

Mitigate the explosion effects are represented by easy destructible wall. Within the category of measures is 

appropriate to include the organizational regulation which includes access people to lab and how to behave 

in the event of hydrogen leakage. 
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