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Hydrogen Characteristics

• Colorless, odorless and not detectable by human senses

• Highly flammable over wide range of compositions

• Easily ignited

• Has high propensity to leak

• Produces colorless flame

Presenter
Presentation Notes
For over 40 years, hydrogen as been used in vast quantities as an industrial chemical and fuel. During that time, industry has developed an infrastructure to produce, store, transport and utilize hydrogen safely and an integral part of this infrastructure it the ability to rapidly detect leaks or releasesHydrogen gas is an extremely high-powered fuel. It burns with incredible speed and can produce incredible force and is used mostly for applications that require vast amounts of instantaneous power. Hydrogen possesses the NFPA 704's highest rating of 4 on the flammability scale because it is flammable when mixed even in small amounts with ordinary air; ignition can occur at a volumetric ratio of hydrogen to air as low as 4% due to the oxygen in the air and the simplicity and chemical properties of the reaction.
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Application Overview

• Refineries
• Battery Storage and Charging Rooms
• Hydroelectric Power Stations
• Transportation 
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Hydrocracking Hydrotreating

Safety Issues:

• High pressure and high temperature generate great concern 
for hydrocarbon, hydrogen, and toxic gas leaks 

• Degraded pipes from corrosive gases can lead to high 
pressure leaks

• Potential leaks from hydrogen processing and storage

• Rupture in reactors, separators, or pipe systems

Catalytic Reforming

Hydrogen Applications in Refineries

Presenter
Presentation Notes
Oil refineries are large producers and consumers of hydrogen gas. Hydrogen plays a pivotal role in many refining operations, from hydrocracking—reduction of heavy gas and gas oils to lower molecular weight components— to treatment of gas streams, to catalytic reforming. In the latter, the gas is also used to prevent carbon from reacting with the catalyst to maintain production of lighter hydrocarbons and to extend catalyst life. Not surprisingly, refineries use large volumes of hydrogen that may be produced on site or purchased from hydrogen production facilities
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Hydroelectric Power Stations

• H2 is used as a coolant for electric generators 
in power stations. This is because of its high 
thermal conductivity and low "windage", so 
reducing frictional and turbulence losses.

Safety Issues 
• Leaks in piping/ turbine
• Hydrogen removed / stored during 

maintenance
• Good potential for H2 to pool at ceiling 

surface
• Stations are often remote with very few 

workers

Presenter
Presentation Notes
Liquid hydrogen is sometimes used as an extremely condensed hydrogen fuel.Gaseous hydrogen can be used as a coolant for electric generators in power stations. This is because of its high thermal conductivity and low "windage", so reducing frictional and turbulence losses.Hydrogen is also used as a feedstock in industrial processes including production of ammonia and methanol.
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Lead Acid Battery Room Application

Safety Issues 
• By product of charging process is H2

• Batteries are sealed, but tend to leak
• Battery back up rooms typically small 

with very little ventilation
• Good potential for H2 to pool at ceiling 

surface

• Common application found in 
telecommunications stations, data storage 
centers and any industry that uses battery 
power equipment such as forklifts 

Presenter
Presentation Notes
Battery back-up installations for equipment such as telecommunication stations and computers are normally situated in small rooms with little ventilation. This confined space provides an excellent opportunity for hydrogen to accumulate and reach combustible levelsFor reliability, safety and compliance with local building codes and NFPA 111, it is important to have continuous monitoring for hydrogen gas in these applications. Common application found in telecommunications stations, data storage centers and any industry that uses battery power equipment such as fork lifts 
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Transportation

Safety Issues 
• Leaks while H2 is compressed 
• Leaks during delivery and filling 

operations
• Piping/storage corrosion
• Stations are located in public places 

increasing the risk to surrounding area

• Emerging application for use of Hydrogen 
in public and private transportation

Presenter
Presentation Notes
Provide critical safety factorAlarm at unsafe conditionsVentilation activationAutomatic shutdown
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Protection Layers
for Hydrogen Hazard

• Detection layers reduce the incidence of hazard propagation, 
preventing hazards from escalating into catastrophic consequences 

• Three detection techniques are effective for hydrogen leak response:

 Leak detection

 Gas detection

 Flame detection

• This combination increases the odds that hydrogen gas dispersal or 
fire is identified early on, either before ignition or an explosion occurs

Presenter
Presentation Notes
 A gas detection system should be in place to alert operators to the leak before it ignites. But if the leak does ignite, you need to detect the flame quickly and accurately. 
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Layers of Protection Philosophy

• Combine technologies that mimic the senses of seeing, hearing, 
smelling to detect gas leaks, flames, and other hazardous conditions

FL500 H2 Flame Detector
Observer-i Ultrasonic Gas Leak Detector

ULTIMA X5000 Cat Bead Point Detection
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Protection Layers
for Hydrogen Hazard

Presenter
Presentation Notes
The safest protection strategy against a hydrogen flame is to prevent hydrogen gas from escaping, i.e., follow good process-maintenance practices.
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Fire/Explosion Protection

Fire Detection

Ventilation

Gas Detection

Leak Detection

Containment

Protection Layers 
for Hydrogen Hazard
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Advantages
Fast detection of pressurized gas leaks

Not sensitive to gas dilution, orientation of 
leak, or wind direction

Versatile – detects pressurized leaks regardless 
of type of gas

Not influenced by heavy rain or other ambient 
conditions 

Minimal maintenance, no consumable parts

Robust, fail safe operation

Limitations
Not suitable for low pressure leaks

Under certain conditions affected by 
man-made or natural ultrasonic sources

Background noise levels need to be 
estimated prior to installation

Unable to determine concentration of gas

Protection Layer: Leak Detection

Ultrasonic Detection

Presenter
Presentation Notes
When a containment system fails, hydrogen gas escapes at a rate that is proportional to orifice size and internal system pressure. Such leaks can be detected using ultrasonic monitors that detect airborne ultrasound produced by turbulent flow above a pre-defined sound pressure level. Using ultrasound as a proxy for gas concentration is a major advantage of this technique, as ultrasonic gas leak detectors do not require transport of gas to the sensor element to detect gas, and are unaffected by leak orientation, gas plume concentration gradient and wind direction. Such features enable ultrasonic gas leak detectors to be an ideal choice for supervision of pressurized pipes and vessels in open, well ventilated areas. Ultrasonic gas leak detectors supervise areas for noise higher than 24 kHz. Frequencies in the audible range, spanning approximately 20 Hz to 20 kHz, are removed |by a band pass filter. Another advantage of these instruments is their wide coverage area per device. Depending upon the level of background ultrasound, for example, a single detector can respond to a small hydrogen leak at approximately 8 m from the source. As illustrated in Figure 3, even small leaks can generate sufficient ultrasonic noise to afford detection within most industrial environments. While audible acoustic noise typically ranges between 60 and 110 dB in industrial sites, ultrasonic noise levels (frequency range of 25-100 kHz) span from 68 to 78 dB in high noise areas where rotating machinery such as compressors and turbines are installed, and rarely exceed 60 dB within low noise areas. Consequently, ultrasonic gas leak detectors can detect hydrogen leaks without being affected by back-ground noise. And as instruments respond to the gas release rather than the gas itself, instruments can alarm rapidly, often within milliseconds.
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Fire/Explosion Protection

Fire Detection

Ventilation

Gas Detection

Leak Detection

Containment

Protection Layers
for Hydrogen Hazard
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Advantages
Robust

Simple to operate - easy to install, calibrate, and use

Long lived with a low life-cycle cost

Can detect a variety of gases 

Wide operating temperature range

Easily calibrated to gasses such as hydrogen which 
cannot be detected by infrared absorption

Limitations
Passive detection – not fail to safe

Gas must diffuse into catalytic sensor in order to be 
detected  

Catalyst may become poisoned or inactive due to 
contamination (requires regular inspection)

Requires oxygen for detection

Prolonged exposure to high concentrations of combustible 
gas may degrade sensor performance

Protection Layer: Gas Detection

Catalytic Bead Detection

Presenter
Presentation Notes
A second protective measure is direct gas detection using catalytic bead sensors, used for hydrogen applications for more than 50 years. These sensing devices consist of a pair of platinum wire coils embedded in a ceramic bead. The active bead is coated with a catalyst; the reference bead is encased in glass and consequently is inert. Upon exposure to hydrogen, the gas begins to burn at the heated catalyst surface per the reaction: 2H2 + 2O2 22H2O + O2. Hydrogen oxidation releases heat, causing the wire’s electrical resistance to change. This resistance is linear across a wide temperature range (~ 500 – 1,000° C) and proportional to concentration. For hydrogen-specific catalytic detection, the reaction temperature and catalyst are tailored to prevent combustion of hydrocarbons in the substrate. This scenario’s simplicity enables catalytic detectors to be suitable for many applications. Where gas accumulations can occur, catalytic sensors can establish hydrogen presence with fair accuracy and repeatability. Hydrogen-specific catalytic detectors also provide fast response times, typically 5 to 10 seconds, and offer good selectivity. These parameters vary widely among sensor manufacturers, but are generally tailored for maximum selectivity and speed of response. As referenced earlier, hydrogen cannot be detected by infrared absorption, allowing catalytic detection to be a highly reliable technology for hydrogen gas detection.
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Fire/Explosion Protection

Fire Detection

Ventilation

Gas Detection

Leak Detection

Containment

Protection Layers
for Hydrogen Hazard
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Advantages
Fast response to hydrogen fires

Fail-to-Safe: Continuous Optical Path 
Monitoring (COPM) 

Ultraviolet and IR technology reduces 
possibility of false alarms

Wide field-of-view

Compatible with flame test lamp

Limitations
Unable to detect heavy, smoky fires

Unable to detect smoldering fire 
without a flame

Affected by strong sources of UV 
radiation (ex. arc welding) or certain 
combinations of UV and IR radiation

Protection Layer: Fire Detection

Hydrogen–Specific Flame Detection

Presenter
Presentation Notes
In addition to catalytic and ultrasonic gas leak detectors, hydrogen-specific flame detectors add another barrier against hydrogen hazard propagation. These instruments simultaneously monitor infrared and ultraviolet radiation at different wavelengths. Radiation is emitted in the infrared by water molecules created by hydrogen combustion; emission from such heated water or steam is monitored in the wavelength span from 2.7 to 3.2 mm. An algorithm that processes IR radiation modulation allows these detectors to avoid false signals caused by hot objects and solar reflection. The UV detector is typically a photo discharge tube that detects deep UV radiation in the 180 to 260 nm wavelength range. Due to absorption by the atmosphere, solar radiation at these wavelengths does not reach the earth’s surface; thus the UV detector is essentially immune to solar radiation. This combination of IR and UV detection improves false alarm immunity, while producing detectors that can detect even small hydrogen fires at a range of 5 m. Figure 4 shows the detection range of a hydrogen-specific flame detector for a plume 15 – 20 cm (6 – 8 inches) high and 15 cm (6 inches) in diameter. As observed in this case, the flame detector can detect the on-axis range of 4.6 m (15 ft) up to ± 55°, providing broad angular coverage.
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Detector Allocation Across Catalytic Reforming Unit

Application Example

Presenter
Presentation Notes
An illustration of the use of these technologies can be found in catalytic reforming*. In this process, a stream of heavy gas oils is subjected to high temperature (480 – 524°C) and pressure (1,379 – 3,447 kPa; 200 – 500 psi) and passed through a fixed-bed catalyst. Upon reaction, the oils are converted to aromatics that yield much higher octane ratings for gasoline. Because of operating conditions and continuous hydrogen production, a rupture in the reactors, separator or pipe system of the unit can have grave consequences. Figure 5 shows the detector allocation across a reforming unit. Of course, the scheme shown in this example does not preclude use of other detection systems, nor does it eliminate the need for operating procedures, instrumentation and control systems and adequate training, all necessary for safety. Condition monitoring instruments such as x-ray pipe testing equipment play a pivotal role in spotting defects before loss of pipe network integrity. Likewise, thermal conductivity sensors can ensure detection coverage within oxygen deficient environments and thus complement catalytic sensors when used above the LEL. Experience suggests that choice of detection instruments must be carefully weighed to match hazard types associated with the particular refinery’s chemical process and that each detection type offsets vulnerabilities of the oth
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Summary

• Because of its properties, hydrogen poses severe physiological, physical, and 
chemical hazards

• In a worst case, a gas leak can form a flammable mixture, which when ignited, 
produces a detonation

• A combination of catalytic bead and ultrasonic gas leak monitors and fire 
detectors increase the chances that hazards are addressed while they can be 
contained

• Diverse safety systems, combined with a design that prevents leakage and 
eliminates possible ignition sources, offer a sound approach for managing 
hydrogen processes 

Presenter
Presentation Notes
An illustration of the use of these technologies can be found in catalytic reforming*. In this process, a stream of heavy gas oils is subjected to high temperature (480 – 524°C) and pressure (1,379 – 3,447 kPa; 200 – 500 psi) and passed through a fixed-bed catalyst. Upon reaction, the oils are converted to aromatics that yield much higher octane ratings for gasoline. Because of operating conditions and continuous hydrogen production, a rupture in the reactors, separator or pipe system of the unit can have grave consequences. Figure 5 shows the detector allocation across a reforming unit. Of course, the scheme shown in this example does not preclude use of other detection systems, nor does it eliminate the need for operating procedures, instrumentation and control systems and adequate training, all necessary for safety. Condition monitoring instruments such as x-ray pipe testing equipment play a pivotal role in spotting defects before loss of pipe network integrity. Likewise, thermal conductivity sensors can ensure detection coverage within oxygen deficient environments and thus complement catalytic sensors when used above the LEL. Experience suggests that choice of detection instruments must be carefully weighed to match hazard types associated with the particular refinery’s chemical process and that each detection type offsets vulnerabilities of the oth
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Please contact 
PARALOS Expert Safety Team for additional details and guidance

info@paralos-tech.gr
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