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EXECUTIVE SUMMARY 

This Deliverable D1.2 proposes a clear framework to assess compliance with current safety and 

environmental standards and regulation of the future OPTHYCS solution. The document includes an 

analysis of current regulatory framework, transcending several domains as safety and environment 

protection, and includes laws, regulations, codes and standards. 

The picture below lists the different documents that have been review in this analysis, and the 

different subsection contains a summary of the main requirements that the OPTHYCS SYSTEM will 

need to meet. 

 

Figure 1. Scheme of documents review for the assessment of the regulatory framework 

 

We have concluded that there is already a framework in place in terms of requirements for sensors 

used for H2 detection for safety purposes. The document lists main requirements and includes main 

conclusions after each sub-section throughout the document, outlining the specific requirements that 

must be met by the sensors before market deployment. 

However, we have identified a lack of guidance on H2 leak detection and quantification to minimize 

climate impact of H2 use. Common European and International hydrogen standards on this topic will 

be key to the successful roll out of hydrogen technologies and applications. Also, safety aspects such 

as explosion prevention for H2:CH4 blends need also specific attention in the short term. 

It's important to note that H2 sites may have diverse sensoring requirements of different parameters. 

One notable advantage of FO sensors is their adaptability. By placing them at the right distance, a 

single system can be tailored to meet the specific needs of each site, efficiently monitoring various 

critical parameters.  

Following the completion of the project's lab and validation tests, we will conduct a comprehensive 

re-assessment of the regulatory framework. This critical step may entail a more thorough analysis, 

taking into account the project's findings and outcomes. We will continue our work to fine-tune the 

requirements of the system as we progress on the system’s finalization and market launch.  
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1. INTRODUCTION 

When designing and implementing a new H2 emissions detection system, we need to ensure 

compliance with the regulatory framework applicable, considering the relevant regulations, standards 

and industry guidelines. The system should be designed, installed and maintained in accordance with 

these regulations to ensure the safety of workers and the protection of the environment. This report 

analysis key references that provide guidance on H2 safety and detection. 

2. CURRENT CERTIFICATION & STANDARDIZATION FRAMEWORK 

2.1 APPLICABLE LEGISLATION 
 

In Europe, the regulatory framework for a gas leak detection system is governed by several Directives 

and Regulations. The following are the key regulations identified that need to be taken into account 

when designing and manufacturing the OPTHYCS SYSTEM: 

• ATEX Directives:  
 

The ATEX Directives is the European Union's regulatory framework for equipment used in 

potentially explosive atmospheres. It requires that gas leak detection systems used in explosive 

environments comply with certain safety requirements. The ATEX Directive mandates that the 

equipment must be designed to be intrinsically safe or be installed in a safe zone where the risk of 

ignition is minimized. The ATEX Directive is actually divided into two separate directives: ATEX 114 

and ATEX 153.  

 

 

Figure 2. ATEX Directive scheme 
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The main requirements of each directive are described here: 
 

o ATEX 153 Directive: Directive 1999/92/EC – ATEX Workplace Directive 

This Directive applies to the safety and health protection of workers in potentially 

explosive atmospheres, it sets out the minimum requirements for improving the health 

and safety protection of workers potentially at risk from explosive atmospheres. The 

main requirements of ATEX 153 are: 

- Employers must classify areas where potentially explosive atmospheres may 

occur, into zones. The classification given to a particular zone, and its size and 

location, depends on the likelihood of an explosive atmosphere occurring and 

its persistence if it does. Employers must provide appropriate training to 

workers who may be exposed to explosive atmospheres. 

- Employers must implement appropriate measures for the prevention of 

explosions, such as gas leak detection systems and fire suppression systems. 

Employers must carry out regular risk assessments and take appropriate action 

to reduce the risk of explosion. 

 

o ATEX 114 Directive: Directive 2014/34/EU – Equipment Directive 

This Directive applies to equipment intended for use in potentially explosive 

atmospheres. The main requirements of ATEX 114 are: 

- Design and Construction: Equipment must be designed and manufactured in 

such a way that it is intrinsically safe, or it must be installed in a safe zone where 

the risk of ignition is minimized. The equipment must also be suitable for the 

intended use and be accompanied by appropriate documentation. 

- Testing and Certification: Equipment must be tested and certified by a notified 

body before it can be placed on the market or put into service. The certification 

must include information about the equipment's intended use, conditions of 

use, and limitations. 

- Marking and Labeling: Equipment must be clearly marked and labeled with the 

name and address of the manufacturer, the type, and the serial number. It must 

also display the CE marking and any other relevant markings, such as the Ex 

marking, indicating that it is designed for use in potentially explosive 

atmospheres. 

- Instructions and Training: Manufacturers must provide instructions for the safe 

use and maintenance of the equipment. These instructions must be written in 

a language that is easily understood by the user. Users must also receive 

appropriate training on the safe use of the equipment. 

- Verification of Conformity: Manufacturers must have procedures in place to 

ensure that the equipment continues to comply with the relevant requirements 

after it has been placed on the market. 

- Maintenance and Repair: Equipment must be maintained and repaired by 

trained personnel in accordance with the manufacturer's instructions. Any 

repairs or modifications must not compromise the safety of the equipment. 
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The Directive applies to all equipment that have its own effective source of ignition, 

that it's intended for use in a potentially explosive atmosphere under normal 

atmospheric conditions. Its Annex II describes Health and Safety requirements for the 

design and construction of equipment and protective systems in ATEX zones, including 

requirements for the marking, choice of materials, design and construction guidelines.  

 

Figure 3. Example of marking of a mechanical equipment used in gas atmospheres 

 

➔ Compliance with this ATEX directive is essential for ensuring the safety of workers and 

preventing explosions. Manufacturers, installers and users of equipment and systems 

intended for use in explosive atmospheres must carefully review and adhere to the 

requirements set out in these directives. The OPTHYCS SYSTEM should take into account 

these requirements for the design and construction of the FO sensor, in particular the optical 

fiber. Regarding the interrogators, they do not need to comply with ATEX regulations, as 

they are not supposed to be directly in contact with the explosive substances and they can 

be located away for the monitored area in control rooms. 

 

➔ Hydrogen is a group IIC gas and belongs to the T1 (450 °C) temperature class. Security 

detectors used during the tests must have this certification.  

  

• Electromagnetic compatibility (EMC) Directive – Directive 2014/30/EU  

The EMC Directive applies to electrical and electronic equipment (EEE) that is placed on the market 

or put into service in the EU. The Directive aims to ensure that EEE does not generate or is not 

affected by electromagnetic disturbances that may interfere with other equipment or systems. 

o Essential Requirements: The EMC Directive specifies essential requirements that EEE 

must meet in order to achieve electromagnetic compatibility. These requirements 

include limits on electromagnetic emissions, immunity to electromagnetic disturbances 

and adequate levels of insulation. 
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o Technical Documentation: Manufacturers must draw up technical documentation 

demonstrating that their products comply with the essential requirements of the EMC 

Directive.  

o CE Marking: Products that comply with the essential requirements of the EMC Directive 

must be marked with the CE marking, indicating compliance with the relevant EU 

Directives. 

o Enforcement: The EMC Directive provides for the enforcement of its requirements 

through administrative and legal measures. Penalties may be imposed for non-

compliance with the requirements of the Directive. 

o Conformity Assessment: Manufacturers must ensure that their products comply with 

the essential requirements of the EMC Directive. This may involve testing, analysis, or 

other means of demonstrating compliance. Third-party testing and certification may 

also be required in certain cases. 

 

Figure 4. Basic process flow for EMC testing preparation. Source: EMCfastpass.com  
 

Compliance with the EMC Directive is essential for ensuring that electrical and electronic 

equipment placed on the market or put into service in the EU does not generate or is not 

affected by electromagnetic disturbances that may interfere with other equipment or systems. 

Manufacturers must carefully review and adhere to the requirements set out in the EMC 

Directive, as well as any additional requirements of their local authorities. DAS and DTS 

equipment deployed by Febus are already compatible to Directive 2014/30/EU. 

➔ Febus systems are compliant with EMC Directive. The future OPTHYCS SYSTEM should take 

into account the EMC requirements, compliance is to be ensured before the system entries 

into the market. 

 

• Directive RoHS 3 – Directive 2011/65/EU on the restriction of the use of certain hazardous 

substances in electrical and electronic equipment.  
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This Directive establishes restrictions on the use of certain hazardous substances in electrical 

and electronic equipment (EEE) placed on the EU market. Here is a summary of the 

requirements of the Directive: 

o Scope: The RoHS 3 Directive applies to EEE that is placed on the EU market, with some 

exemptions for certain categories of equipment. The Directive restricts the use of certain 

hazardous substances in EEE, including lead, mercury, cadmium, hexavalent chromium, 

polybrominated biphenyls (PBBs), and polybrominated diphenyl ethers (PBDEs). 

o Restricted Substances: The RoHS 3 Directive places limits on the concentration of certain 

hazardous substances in EEE. For example, lead is limited to 0.1% by weight in 

homogeneous materials, while mercury and cadmium are limited to 0.01%. 

o Compliance: Manufacturers must ensure that their products comply with the restrictions 

on hazardous substances set out in the RoHS 3 Directive. This may involve testing and 

documentation to demonstrate compliance. Third-party testing and certification may also 

be required in certain cases. 

o CE Marking: EEE that complies with the RoHS 3 Directive must be marked with the CE 

marking, indicating compliance with the relevant EU Directives. 

o Enforcement: The RoHS 3 Directive provides for the enforcement of its requirements 

through administrative and legal measures. Penalties may be imposed for non-compliance 

with the requirements of the Directive. 
 

Compliance with the RoHS 3 Directive is essential for ensuring that EEE placed on the EU market 

does not contain hazardous substances that could harm human health or the environment. 

Manufacturers must adhere to the requirements set out in the Directive, as well as any 

additional requirements of their local authorities. DAS and DTS equipment deployed by Febus 

are already compatible to Directive 2014/30/EU.  

➔ Febus systems are already compliant with RoHS European directives.  

➔ Lumiker will investigate how these requirements will affect the selection of electronic 

suppliers and components for the interrogator. Interrogation equipment of the OPTHYCS 

SYSTEM should be compliant with this Directive, especially regarding the selection of 

electronic suppliers and components for the interrogator. 

 

The following Directives were reviewed concluding that they are not relevant for the OPTHYCS 

SYSTEM: 

Directive 
2014/94/EU 

On the deployment of alternative fuels infrastructure. This Directive serves as a 
framework to promote the development of alternative fuel infrastructure across the EU, 
aiming to reduce dependence on conventional fossil fuels, promote sustainable 
transport, and contribute to the overall decarbonization goals of the EU. 

Directive 
2012/18/EU 

Also known as the SEVESO Directive, it concerns the control of major accident hazards, 
mainly in the chemical and petrochemical industry, as well as in fuel wholesale and 
storage. 
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Directive 
2014/68/EU 

On the harmonisation of the laws of the Member States relating to the making available 
on the market of pressure equipment. 

Directive 
2009/104/CE 

Minimum safety and health requirements for the use of work equipment 
by workers at work. 

Directive 
2001/42/EC 

The SEA – Strategic Environmental Assessment procedure, an environmental report is 
prepared in which the likely significant effects on the environment and the reasonable 
alternatives of the proposed plan are identified. 

Directive 
2006/42/CE -  
(Machine 
Directive) 

Requirements for Machinery, applicable to: (a) machinery; (b) interchangeable 
equipment; (c) safety components; (d) lifting accessories; (e) chains, ropes and webbing; 
(f) removable mechanical transmission devices; (g) partly completed machinery. 

Council 
Directive 
89/391/EEC 

The introduction of measures to encourage improvements in the safety and health of 
workers at work. 

Directive 
2014/35/EU 
(Low Voltage 
Directive) 

This Directive sets out the requirements for electrical equipment with a voltage rating 
between 50 and 1000 volts AC or between 75 and 1500 volts DC. If your leak detection 
system includes any electrical equipment within these voltage ranges, it may need to 
comply with the Low Voltage Directive. 

Regulation 
EC 
1272/2008 

Rules on classification, labelling and packaging of substances and mixtures. 

 

• REACH Regulation: The Registration, Evaluation, Authorisation and Restriction of Chemicals 

(REACH) Regulation is a European Union regulation that aims to protect human health and the 

environment from the risks posed by chemicals. It may apply to gas leak detection systems if 

they contain certain chemicals that are subject to the REACH Regulation.  

-> The coatings to be applied on the sensor will comply with REACH regulation (not use of restricted 

substances). 
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2.2 APPLICABLE STANDARDS 

 

In this section we analyse most relevant International or European standards: 

 

• ISO/TR 15916:2015 on basic considerations for the safety of H2 systems 

This Technical Report describes the hazards associated with the use and presence of hydrogen, 

discusses the properties of hydrogen relevant to safety, and provides basic guidelines for 

mitigation of hydrogen hazards. The aim of this Technical Report is to promote the acceptance 

of hydrogen technologies by providing key information to regulators and by educating people 

involved with hydrogen safety issues. Detailed safety requirements associated with specific 

hydrogen applications are treated in separate International Standards. Most relevant 

information for our project is summarized below: 

 

o Safety considerations for the use of gaseous and liquid hydrogen: The primary hazards 

and issues associated with hydrogen systems is categorized and prioritized as follows: 

▪ flammability: thermal effects; pressure effects; easy ignitability of some 
mixtures.  

▪ small size of the molecule: low viscosity; high diffusion rate; high buoyancy.  
▪ interactions with materials (embrittlement of certain metals);  
▪ asphyxiation hazard if oxygen is replaced;   
▪ hazards associated with the storage procedure: elevated storage pressure for 

gas; low temperature for cryogenic liquid; others for other methods, like metal 
hydrides. 

o Section on mitigation and control of hazards and risks defining basic requirements for 
the inherent safe design of H2 systems. It is indicated that H2 systems should minimize 
the possibility for human error and should be capable of remaining safe in the event of 
a human error. The document indicates general requirements and considerations for 
the design and operation of H2 equipment and systems. On H2 gas detection for safety 
purposes, the document refers to ISO 16142 on H2 as detectors, which is analysed 
below. It indicates that for H2, a commonly used concentration level for main alarm is 
1%-vol H2 in air (approx. 25% LEL). Warnings may be given earlier at lower 
concentrations. 

o On flame detection, the document indicates the recommendations to provide means 
for detecting the presence of H2 flames in all areas in which leaks, spills or hazardous 
accumulations of H2 may occur. It does not specify any technology, indicating that a 
variety of detector types are available for the detection of a hydrogen flame. 
Parameters to be taken into account when selecting a flame detector are: detection 
distance, susceptibility to false alarms from sources such as the sun or background flare 
stacks, response time and sensitivity.  
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o Related to software used for safety control, general considerations to be applied are 

indicated. Mainly, it’s indicated that the software and computers should be 

independent of similar equipment for normal operations and have sufficiency 

redundancy to prevent any single-point failure from disabling the equipment. 

 

➔ The KPIs stablished in our project go lower than that 1%, because we established as a KPI 

for all use cases to reach 0.4%-vol of H2 in air when the system is used for safety purposes. 

 

➔ Software requirements are quite detailed, and they should be taken into account when 

designing the OPTHYCS software system. 
 

 

We have noted that this document states that H2 emissions effect is negligible, so it’s clearly 

not updated with recent knowledge that indicates a GWP of H2 in a 100-year time frame about 

11 times higher than that of CO2. We therefore recommend an urgent update of this document 

on this specific topic.  

 

 

• ISO 26142:2010 on Hydrogen detection apparatus for stationary applications. 

 

This international standard defines the performance requirements and test methods of 

hydrogen detection apparatus that are designed to measure and monitor hydrogen 

concentrations in stationary applications for safety purposes. The purpose of a hydrogen 

detection apparatus according to this standard is to mitigate risk from unintended hydrogen 

releases within a wide range of hydrogen concentrations including those exceeding the lower 

flammability limit. 

This standards sets out requirements applicable to a product standard for hydrogen detection 

apparatus, such as precision, response time, stability, measuring range, selectivity and 

poisoning and description of performance tests. This International Standard is intended to be 

used for certification purposes. 

 

On general construction requirements, we highlithg the following specifications: 

o The hydrogen detection apparatus designed to be used in a hazardous area shall comply 
with IEC 60079-0 and the relevant parts of IEC 60079.  

o Enclosure: If the application demands it, all parts of the enclosure shall be constructed of 
corrosion-resistant materials or be protected against corrosion.  

o Measuring range: the measuring range of the hydrogen detection apparatus shall be 
declared by the manufacturer. The measuring range shall cover a minimum of one order of 
magnitude. If the hydrogen detection apparatus uses two or more hydrogen sensor 
technologies or principles to cover a wide measuring range, the manufacturer shall declare 
the number of hydrogen sensors and/or specify the measuring range pertaining to each 
hydrogen sensor technology or principle. 

o Alarm system: The hydrogen detection apparatus shall have at least one latching alarm with 
a fixed or adjustable alarm set point. If two or more alarm set points are provided, the lower 
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may be non-latching, based on user preference. While the alarm condition is still present, 
the hydrogen detection apparatus shall be designed in such a way that any alarms, except 
for optional audible alarms, shall remain in operation. Alarm devices shall be tamper- proof. 
At least one alarm set point shall be available at or below a hydrogen volume fraction in air 
of 1.10−2. 

o Fault signals: The hydrogen detection apparatus shall provide a fault signal in the event of 
loss of power. A short circuit or open circuit in the connection to any remote hydrogen 
sensor shall also be indicated by a fault signal.  

o Indicators: apparatus shall provide a visual power indication (showing whether the power 
of the apparatus is on or off), under/over range measurements shall be indicated, red color 
should be used for alarm indication, yellow for fault indication and green for operation. The 
indicator lights shall be labelled to show their functions. 

o Requirements for the software: in case of malfunction, a manual overrise switch shall be 
provided, protected from use by unauthorized personnel. It shall not be possible for the 
user to modify the program code.  Software shall have a structured design to facilitate 
testing and maintenance. If used, program modules shall have a clearly defined interface 
to other modules. The document includes other detailed specifications for the software 
that should be taken into account during the development of the OPTHYCS software.  

o Labeling and marking: the apparatus and the sensors shall be marked legibly and indelibly 
with name and address of manufacturer, reference to this international standards, 
designation of series or type, serial number, specific marking describing the type of 
explosion protection in accordance with the relevant part of IEC 60079 if applicable. 

 

On general performance requirements and tests, the standard defines the following key 

requirements: 

o A diffusion chamber that can be sealed or alternative facilities such as flow-type or mask-
type shall be used for the tests. If a flow-type or mask-type is used, the test procedure 
specific to that particular test method shall be followed. 

o The tests shall be carried out at a temperature between 15ºC and 25ºC and the 
temperature shall be kept constant within +-2ºC during the test. Pressures between 80 kPa 
and 108 kPa and shall be kept constant within +-1kPa.  Relative humidity between 20% and 
80% and the RH shall be maintained constant within +-10% during the tests. Preferably DC 
powered apparatus shall be operated within 2% of the manufacturer’s recommended 
supply voltage and frequency.  

o Repeatability and long-term stability shall be assessed, the document specified how these 
parameters should be assessed during the tests. The time of response shall be 30 s or less. 
The time of recovery t10 shall also be measured. The time of recovery shall be 60 s or less. 
The data-collecting interval should be less than 1 s. Sensitivity to other gases such as CO2 
or CH4 should be assessed. On poisoning, tests for HMDS, SO2, H2S and NO2 shall be carried 
out.  

o If possible, the alarm set point shall be set to 20 % of the measuring range for this test. The 
hydrogen detection apparatus, including the hydrogen sensor and interconnecting wiring, 
shall be subjected to the test method used in the EMC radiated immunity tests specified in 
IEC 61000-4-1 and IEC 61000-4-3. 
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➔ After having assessed the requirements of the tests defined in this standard, we concluded 
that these kinds of tests should be done in a future phase of the project before 
commercialization, in any case at least a TRL 6 is needed before arranging the tests 
described within. 
 

 

• IEC 60079 series – explosive atmospheres. 

The IEC 60079 series consists of several standards of the International Electrotechnical 
Commission (IEC) that focus on the design, selection, installation, inspection, and maintenance 
of electrical equipment used in explosive atmospheres. The aim of these documents is to 
ensure the safe and reliable operation of electrical equipment in hazardous environments 
where flammable gases, vapors, liquids, or combustible dusts may be present. Here is a 
summary of the most relevant parts within the series. Part 28 related to Protection of 
equipment and transmission systems using optical radiation and Part 29 is related to gas 
detectors are summarized in detailed after the table. 

 

 
Figure 5. Scope of most relevant parts of IEC 60079 series 

 

Most relevant information is that for intrinsic safety, it sets criteria for limiting energy and 
temperature levels to prevent ignition. 

  

IEC 60079 

Part 
Title Focus Summary of the scope

0
General Requirements on 

Equipment Protection
General requirements for explosive atmopsheres

 - Guidance for the design, selection, installation, inspection, maintenance, and repair of 

electrical equipment used in explosive atmospheres. This standard focuses on the general 

requirements for explosive atmospheres.

 - The document outlines the responsibilities of equipment manufacturers, users, and 

inspection bodies. IEC 60079-0 also provides guidance on the selection and installation of 

electrical equipment in hazardous areas. It addresses issues related to temperature, 

pressure, humidity, and corrosion, which can impact the performance and safety of the 

equipment.

- The standard also discusses inspection, maintenance, and repair procedures for electrical 

1

General Requirements on 

Equipment Protection for 

flameproof enclosures

Design, selection, installation, inspection, and 

maintenance of electrical equipment used in explosive 

atmospheres

 - IEC 60079-1 stablishes general requirements for equipment protection in explosive 

atmospheres for flameproof enclosures. It  provides guidance for the safe operation of 

electrical equipment in hazardous environments where flammable gases, vapors, liquids, or 

combustible dusts may be present. It establishes requirements and principles for 

equipment manufacturers, users, and inspection bodies to ensure compliance with safety 

standards and to prevent ignition and potential explosions. It covers various aspects of 

equipment design, construction, testing, and marking to ensure that the equipment is 

suitable for use in explosive atmospheres.

-  For increased safety, it defines requirements for electrical connections, insulation, and 

protection against mechanical damage. For intrinsic safety, it sets criteria for limiting energy 

and temperature levels to prevent ignition.

11
Equipment protection by 

intrinsic safety

Overall, IEC 60079-11 sets the requirements and 

guidelines for the design, construction, testing, and 

application of electrical equipment protected by 

intrinsic safety

 - The document provides guidelines for the design, construction, testing, and application of 

electrical equipment that utilizes intrinsic safety as a method of protection in hazardous 

environments where flammable gases, vapors, liquids, or combustible dusts may be 

present. IEC 60079-11 defines intrinsic safety as a technique to limit electrical energy and 

prevent ignition by ensuring that the electrical circuits and components are incapable of 

releasing sufficient energy to cause ignition in explosive atmospheres.

- IEC 60079-11 provides guidance on assessing the compatibility between intrinsically safe 

apparatus and the specific hazardous atmosphere in which it will be used. The document 

emphasizes the importance of proper documentation, marking, and labeling of intrinsically 

safe equipment.

17
Inspection and 

Maintenance  
Guidelines for inspection and maintenance

 - IEC 60079-17 addresses the inspection and maintenance of electrical installations in 

hazardous areas. IEC 60079-17 emphasizes the importance of regular inspections to identify 

and address potential issues or deterioration in electrical installations. It provides guidance 

on the frequency of inspections, considering factors such as the nature of the hazardous 

area, the type of equipment, and environmental conditions. The standard outlines the 

recommended inspection procedures, such as visual inspections, measurements, functional 

tests and thermographic inspections. It specifies the qualifications and competencies 

required for personnel performing inspections.
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• IEC 60079. Explosive atmospheres - Part 28: Protection of equipment using optical radiation. 

 

o IEC 60079-28 specifies the requirements, testing and marking of equipment emitting 
optical radiation intended for use in explosive atmospheres. It also covers equipment 
located outside the explosive atmosphere or protected by a Type of Protection listed in IEC 
60079-0, but which generates optical radiation that is intended to enter an explosive 
atmosphere. It covers Groups I, II and III, and EPLs Ga, Gb, Gc, Da, Db, Dc, Ma and Mb. The 
standard contains requirements for optical radiation in the wavelength range from 380 nm 
to 10 µm. 

o The document addresses considerations for selecting appropriate optical radiation 
techniques based on the specific requirements of the hazardous area, including the nature 
of the flammable substances present and the likelihood of their ignition. It provides 
guidelines for the installation of optical radiation protection systems, including 
considerations for zoning, cable routing, and separation distances. It also covers 
requirements for the testing and also marking of optical radiation equipment to ensure its 
compliance with safety standards. 
 

• IEC 60079. Explosive atmospheres - Part 29: Equipment – Gas detectors. 

 
o Part 1 of IEC 60079-29 specifies general requirements for construction, testing and 

performance, and describes the test methods that apply to portable, transportable and 
fixed equipment for the detection and measurement of flammable gas or vapor 
concentrations with air. The equipment, or parts thereof, is intended for use in explosive 
atmospheres and in mines susceptible to firedamp.  

o This part of IEC 60079-29 is applicable to flammable gas detection equipment with a 
measuring range up to any volume fraction as declared by the manufacturer, and which is 
intended to provide an indication, alarm or other output function; the purpose of which is 
to indicate a potential explosion hazard and, in some cases, to initiate automatic or manual 
protective action(s). The document contains requirements on performance, construction, 
alarm signals and indicating devices, software, marking etc. 

o The specified numbers are the maximum permitted deviations of the indications of the 
equipment from the reference indications obtained at the start of the test or at reference 
conditions (e.g. at reference temperature 20 °C).  
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Figure 6. Performance requirements on IEC 60079-29-1 

o Tests to be carried about at temperature within the range of 15ºC-25ºC and ambient 

pressure. Relative humidity from 20% to 80%. Calibration curve: the equipment shall 

be exposed to H2 at 0%, 10%, 30%, 50% and 90% of the measuring range. Tests at a 

chamber able to hold the sensor at constant temperature +-2ºC. 

 

o Part 2 is on selection, installation and maintenance of the detectors. This standard is a 

compilation of practical knowledge to assist the user, and applies to equipment, 

instruments and systems that indicate the presence of a flammable or potentially 

explosive mixture of gas or vapors with air (excluding gas mixtures) by using an 

electrical signal from a gas sensor to produce a meter reading, to active a visual or 

audible pre-set alarm or other device, or any combination of these. For the purposes of 

this standard, equipment includes: fixed equipment including equipment mounted on 

a vehicle; transportable equipment; and portable equipment.  

 

o Selection of equipment: it is useful for engineers to know the measuring principles of 

gas sensors and/or gas sensing elements, when they decide the suitable gas detector 

for the intended application after talking with manufacturer or seller. Therefore, it 

should be in mind that the selection of the gas detector should be done considering the 

total performance and function assisted by the peripheral hardware and software. 

Routine maintenance of any flammable gas detection system is an extremely important 

factor affecting the reliability of the units. Management of such a program should 

record and filed for all inspections, verifications, tests and work done on the detection 

system. 

 

o This table provides the advantages, common applications and limitations for nine 

generic types of gas sensors. The limitations include interference and substances 

causing loss of sensitivity (poisons). 
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Figure 7. Table A.1 – Overview of gas detection equipment 

 

• EN 60079 series are the European equivalent of the IEC 60079 series, covering similar 

requirements for electrical equipment in explosive atmospheres, including requirements for 

designing and manufacturing electrical equipment used in potentially explosive atmospheres, 

including gas leak detection systems. 

 

• IEC 61508-1. Functional safety of electrical/electronic/programmable electronic safety-

related systems. Part 1 – General requirements.  

 

o IEC 61508-1 provides a framework for the functional safety of safety-related systems. 

The document provides guidance for the specification, design, implementation, and 

maintenance of safety-related systems throughout their lifecycle. The standard is 

applicable to a wide range of industries and sectors where safety is a critical concern, 

such as process industries, automotive, aerospace, and more. 

o The standard introduces the concept of Safety Integrity Levels (SILs) as a measure of 

the system's reliability and risk reduction capability. It provides guidelines for 

determining the required SIL for a specific safety function based on the severity of 

potential consequences and the likelihood of hazardous events. 
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o IEC 61508-1 covers various aspects of the safety lifecycle, including requirements 

specification, system design, implementation, operation, maintenance, and 

modification. It highlights the importance of safety management, functional safety 

assessments, and verification/validation activities at different stages of the lifecycle. 

 
➔ After having assessed the requirements for the different safety integrity levels (SILs), we 

concluded that we need to assess the level needed for the OPTHYCS SYSTEM for the different 
applications, once we have further information on the system (once we have results from 
lab and validation tests). We recommend this point to be assessed in year 3.  

 

Other standards that will need to be reviewed once we have further information on the OPTHYCS 

applicability for the different use cases are: 
 

• EN 61779. It’s the European standard for electrical apparatus for the detection and 

measurement of flammable gases. It sets out the performance and safety requirements for gas 

leak detection equipment used in industrial and commercial applications. 

• EN 50402 is the European standard for electrical apparatus for the detection and measurement 

of combustible gases, describing requirements for the functional safety of fixed gas detection 

system. We considered the OPTHYCS SYSTEM out of scope of this standard, as it is a dielectric 

sensor. However, we highlight here its key information: this standard allows the 

characterisation of the gas detection system by a SIL-capability and related hardware failure 

rate representing a hierarchical order of safety levels. This will allow the user to incorporate 

the gas detection system into an overall safety system according to the safety integrity levels 

of IEC 61508. 

 

H2 detection for Environmental Protection  

• There is no regulatory framework yet in place related to minimization of H2 leaks. However, 

the regulation on methane emissions minimization in the energy sectors will be soon finalized 

and will come into force soon. These rules for methane detection can serve as a foundation for 

H2 detection. The general principles and techniques employed for gas detection can be adapted 

for different gases, however some important differences between the two gases that will need 

to be considered when the H2 regulatory framework will be stablished. 

• The users will need to take into account that gas sensors designed for detecting methane can 

sometimes be used for hydrogen detection, however this is not always the case (e.g. IR or FID 

sensors). In any case, H2 sensors may require different sensitivities or detection limits. In 

addition to that, sensors used for H2 leaks detection should be calibrated and validated 

specifically for H2.  

• We will follow the activities of the group within CEN SS S26 (environmental management) to 

see if there is any progress on this topic within this group. 
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3. ANALYSIS FOR THE DIFFERENT KEY USE CASES 

In this section, we analyse the framework in place for the different use cases. We clarify that, even 

though the validation test focus on 3 specific applications, we think the OPTHYCS system can be used 

in all the applications across the H2 value chain, with the exceptions only of mobility uses and domestic 

uses, this last one because due to its characteristics, they can only be used in industrial/professional 

environments. 

 

3.1 H2 TRANSMISSION AND DISTRIBUTION IN PIPELINES 

 

• ASME B31.12-2011 for H2 piping and pipelines 

o General requirements applicable to H2 piping and pipelines, including requirements for 

materials, welding, brazing, heat treating, testing, operation and maintenance. 

o Each operating company shall maintain a periodic pipeline patrol program to observe 

surface conditions on and adjacent to the pipeline right-of-way, indications of leaks, 

construction activity other than that performed by the company, natural hazards, and 

any other factors affecting the safety and operation of the pipeline. Providers 

recommendations for leakage tests, such as type of tests and frequency. Prioritisation 

of leakage investigation according to three categories. 
 

➔ Continuous monitoring of H2 leaks could significantly reduce costs if they could be accepted 

instead the patrol programs currently in place in the US for H2 pipelines. 

There are in place other industry standards, such as Saudi Aramco’s engineering standard on 
leak detection for pipelines (code SAS-Z-003), that already include fiber optic systems as a 
possibility for leak detection for different types of underground pipes. The document specified 
different performance parameters for different type of pipes, and establishes criteria to choose 
amongst three different Leak Detection Systems, being detection with FO one of the 
possibilities. This shows the maturity of FO detection systems, although H2 dedicated pipelines 
are out of scope of the document. The document established performance criteria and 
periodicity of field tests to be met by the detection system. 

 

3.2 H2 GENERATION IN ELECTROLYSERS 

 

• ISO 22734: "Hydrogen generators using water electrolysis process – Safety requirements" 

o This ISO standard provides safety requirements specific to hydrogen generators that 

utilize water electrolysis for hydrogen production. It covers aspects such as electrical 

safety, hydrogen purity, and system design considerations. 

 

o Where hydrogen gas detectors are required for safety according to the manufacturer’s 

risk assessment, these shall comply with IEC 60079-29-1 and/or ISO 26142. The 

electrolyser manufacturer shall ensure that the selection, installation, use, and 

maintenance of hydrogen gas detectors are in accordance with IEC 60079-29-2. 
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o The hydrogen gas detector(s) shall be installed in optimum location(s) to provide the 

earliest detection of hydrogen gas, such that their protective function can be proven. 

 

o Safety components shall comply with the safety requirements specified in the relevant 

ISO or IEC standards as far as they reasonably apply. Safety devices shall: a) be so 

designed and constructed as to be reliable and suitable for their intended use; b) be 

independent of other functions, unless their safety functions cannot be affected by 

such other functions; c) comply with design principles in order to obtain suitable and 

reliable protection. These principles include, in particular, fail-safe modes, redundancy, 

diversity, and self-diagnosis. 

 

o Related to the prevention of liquid spillage, the standards sets that where a hydrogen 

generator contains hazardous liquids that can be harmful to personnel or the 

environment, the hydrogen generator enclosure shall be designed to safely contain 

anticipated leaks and a leak detection system shall be provided and shall cause the 

hydrogen generator to alarm and, where possible, change the operating parameters to 

prevent loss of containment.  

 

➔ It can be explored whether the same system can be valid for the detection of H2 and liquid 

leaks. 

 

3.3 H2 REFUELLING STATIONS (HRS) 

 

• ISO 19880-1.  Gaseous hydrogen — Fuelling stations — Part 1: General requirements.  

o This part defines the minimum design, installation, commissioning, operation, 

inspection and maintenance requirements, for the safety, and, where appropriate, for 

the performance of public and non-public fuelling stations that dispense gaseous 

hydrogen to light duty road vehicles (e.g. fuel cell electric vehicles). 

o There is a section dedicated to H2 detection at HRS. Sensors shall meet ISO 26142 

requirements (this document was summarized in the section above). The document 

sets out that the appropriate response should be determined by the fuelling station 

manufacturer’s risk assessment. This may include different activation limits, for 

example: — a lower activation limit, set at a maximum value of 25 % of the lower 

flammability limit (LFL), which instigates further mitigation measures and alerts the 

fuelling station operator, and other users. An alarm set point lower than 25 % LFL may 

be appropriate depending on the station risk assessment, for example, for enclosed 

areas with a high level of congestion; — a higher activation limit, set at a maximum 

value of 50 % of LFL, which instigates an emergency shutdown and alerts the fuelling 

station operator, and other users. An alarm set point lower than 50 % LFL may be 

appropriate depending on the station risk assessment, for example, for enclosed areas 

with a high level of congestion.  
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There are other parts of the series, part 2 applies to dispensers, part 3 to valves, part 4 to 

compressors, part 5 to hoses and hose assemblies, part 6 to fittings, part 8 to fuel quality 

control.  There is nothing relevant to detection in the other parts of the ISO 19880 standard. 

➔ The KPIs stablished in our project go lower than the levels specified in the example in the 

standard, because we established as a KPI for all use cases to reach 0.4%-vol of H2 in air 

when the system is used for safety purposes. 

 

o ISO 17628 is related to requirements for gaseous hydrogen land vehicle and connection 

devices and includes no requirements specifically on detection of H2 emissions. 

o ISO 14687 specifies the minimum quality characteristics of distributed hydrogen fuel 
for use in vehicular and stationary applications. It does not contain anything relevant 
to sensing or leak detection. 

 

 

3.4 H2 GAS DETECTION OF HYDROGEN/NATURAL GAS BLENDS IN THE GAS INDUSTRY 
 

Gas detection of H2:CH4 blends is a crucial aspect of safety and risk management in the gas industry, 

especially for transmission and distribution networks, where this blending could occur in the future. 

Blends can mean safety challenges, as both gases have different properties and behaviors. Infrared 

sensors are commonly used in the industry to detect natural gas emissions in the different areas of a 

plant. However, these detectors are completely insensitive to H2. Catalytic sensors could be an option, 

however they need to be adequately calibrated since their response may vary depending on the gas 

composition.  Semiconductors can also be used in the industry for detection of smaller leaks, and these 

sensors are sensitive to H2, although they can be poisoned by non-target gases and they have a non-

linear response. Flame ionization detectors (FID) are not sensitive to H2.  

The industry is looking into this topic, and current assessments show that there are different areas 

that they need to be further studied with regards to leak minimization and safety of H2:CH4 blends, 

such as acceptance criteria for leaks found during FAT/SAT tests or during LDAR (Leak Detection and 

Repair) campaigns. For the sensors, the concentration levels and alarm thresholds for possible blends 

should be determined on safety regulations and standards, which are not yet in place. 

➔ It will be desired that future sensors have the ability to measure H2 concentration and adjust 

calibrations accordingly, to allow accurate use across both NG and blended networks. This 

requisite can be taken into account in the design of our system.  
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5. CONCLUSIONS 
 

There is already a framework in place in terms of requirements for sensors used for H2 detection for 

safety purposes. The document lists main requirements sets in the current regulation framework, 

including relevant International and European standards. After each sub-section throughout the 

document, we concluded in bold main conclusions related to the future OPTHYCS SYSTEM. 

However, we have identified a lack of guidance on H2 leak detection and quantification, to minimize 

all kind of leaks even if they don’t represent a risk for workers or equipment; minimizing thus climate 

impact of H2 use. Common European and International hydrogen standards on this topic will be key to 

the successful roll out of hydrogen technologies and applications. Measurement solutions for leak 

detection for hydrogen are not metrologically validated or standardised for the moment, and there is 

lack of H2 leaks acceptance criteria at FAT and SAT tests. 

We are aware that European regulators are currently working on rules for the minimisation of 

methane emissions, and thus the H2 sector can benefit of this work, however specific rules will be 

needed in the upcoming years for the H2 sector. In addition to minimization of environmental potential 

leaks, safety aspects such as explosion prevention for H2:CH4 blends need also specific attention in the 

short term. 

Additonally, an important remark observed is that the H2 sites and infrastructure may have different 

sensoring needs: flame detectors, liquid detectors in liquid tanks, temperature monitoring to prevent 

ignitions, etc. FO sensors have the advantage that, if placed at the right distance, one system can be 

adapted to each site’s specific needs, efficiently monitoring various critical parameters. This 

adaptability allows one system to be used for monitoring different critical parameters across various 

installations. The project aims to explore the feasibility of implementing the FO solution at different 

H2 installations. It will be valuable to identify the most suitable applications and type of sites where 

the FO solution can be effectively applied. 

After the project lab and validation tests, a comprehensive re-assessment of the regulatory framework 

will be conducted, which may involve a more thorough analysis. At that moment we may be ready to 

list specific requirements to be met by the sensors once they will be ready to be placed in the market. 

Finally, within the European Clean Hydrogen Alliance, a roadmap on hydrogen standardization is going 

on. Different standardization topics for 100 % H2 and H2:GN for different Uses Cases are currently been 

identified1. OPTHYCS project will follow closely this work during all the duration of the project (see 

Annex I for further details).   

 

 

 
1 European Clean Hydrogen Alliance, Roadmap on Hydrogen standardization, march 2023. 
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ANNEX 1: Timeline of Hydrogen Standardization for different Uses Cases, From  

The European Clean Hydrogen Alliance (ECH2A) brings together industry, public authorities, civil 

society and other stakeholders to support the large-scale deployment of clean hydrogen technologies 

by 2030. ECH2A identified, soon after its launch, the need for a robust and harmonised standardisation 

framework. That led to the creation of a dedicated Working Group (WG) on hydrogen standardisation 

in February 2022. 

H2 leakage is named within their last report1 as one of the areas where pre-normative research 

activities are needed. 

The following picture shows the current status of standardization in different topics for the gas 

infrastructure (transmission and distribution grids). 

 

Figure 8. Current status of standardisation by Infrastructure Cluster (European Clean Hydrogen Alliance) 

 


