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1. Measurement Fundamentals and Terminology 

Hydrogen is rapidly becoming a foundational element of modern industry. 

From water electrolysis and fuel cells to refineries, petrochemical processing, pipelines, gas 

blending, storage, and transportation, hydrogen now appears across the full value chain of 

the global energy transition. What was once a specialty gas is becoming everyday 

infrastructure. 

As deployment scales, the role of hydrogen measurement changes. 

It is no longer a laboratory task or an occasional quality check. 

It becomes a safety-critical, control-critical, and reliability-critical engineering function. 

Hydrogen must be measured accurately, continuously, and with predictable behavior under 

real industrial conditions. 

Unlike many process gases, hydrogen is unforgiving. 

 It is extremely light and highly diffusive. 

 It escapes through very small imperfections. 

 It permeates seals and fittings. 

 It is colourless, odourless, and invisible when burning. 

 It has a wide flammability range and very low ignition energy. 

 Its measured concentration is strongly influenced by pressure, temperature, and 

background gas composition. 

Because of these properties, hydrogen behaves differently from most gases, and 

measurement is inherently challenging. 

 

In practice, small leaks, dead volumes, adsorption on internal surfaces, condensation, or 

poor sampling design can easily dominate measurement uncertainty. Many real-world 

failures originate not from the sensor itself, but from the sampling system, installation 

practices, or incomplete integration into control and safety architectures. 

 

History repeatedly shows the same pattern. 

Residual hydrogen trapped in piping, incomplete purging, oxygen ingress, or an undetected 

leak during maintenance can lead to fires or explosions. In these moments, continuous and 

reliable measurement is often the last barrier between safe operation and an incident. 

For this reason, hydrogen measurement should never be treated as a simple instrument 

purchase. 

 

It is a system engineering problem. 

Successful hydrogen analysis requires the coordinated design of the entire measurement 

chain: 
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• the analyzer technology 

• the sampling and conditioning system 

• mechanical installation and leak integrity 

• pressure control and vent management 

• diagnostics and health monitoring 

• integration with process automation and safety systems (PAS/SIS) 

• defined failure behavior and proof testing 

Only when these elements are addressed together can measurements be trusted for process 

control, optimization, and protection. 

Why Hydrogen Measurement Matters 

Accurate hydrogen measurement enables industries to operate safely, efficiently, and 

predictably. 

It supports: 

Safety - detecting leaks, verifying purge and inerting conditions, preventing explosive 

mixtures, and enabling Safety Instrumented Functions. 

Product quality and compliance - controlling purity, monitoring contamination, and meeting 

contractual or regulatory specifications. 

Efficiency - optimizing electrolyzer performance, fuel cell utilization, blending control, and 

overall energy consumption. 

Reliable automation - providing fast, repeatable signals for feed-forward and feedback 

control strategies. 

Asset protection - preventing corrosion, poisoning, and process upsets caused by 

undetected composition changes. 

 

In many modern hydrogen systems, measurement performance directly determines 

whether a plant operates safely, efficiently, and profitably. 

Measurement is not only information. 

It is protection. 

 

Scope of This Handbook 

This handbook presents a practical, technology-neutral engineering approach to hydrogen 

measurement. 

Rather than focusing on individual sensors, it treats measurement as a complete system. 

It covers: 

• measurement fundamentals and terminology 

• in-situ versus extractive architectures 

• analyzer requirements by application, including electrolyzers, fuel cells, and petrochemical 

hydrogen service 

• sampling system design and conditioning practices 

• installation and commissioning guidance 

• process automation and safety integration 

• comparative review of measurement technologies 
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• safety integrity and failure modes 

• practical checklists and decision frameworks 

The objective is not to promote a particular technology, but to provide engineers with the 

knowledge required to design hydrogen measurement systems that are accurate, fast, safe, 

and maintainable in real industrial environments. 

Engineering Philosophy 

A central principle runs throughout this handbook: 

Hydrogen measurement success is determined more by system integrity than by sensor 

sensitivity. 

A well-designed system using a modest sensor will often outperform an advanced analyzer 

installed on a poor sample system. 

Leak tightness, response time, pressure control, diagnostics, and safe integration into 

PAS/SIS ultimately define performance. 

By approaching hydrogen analysis as a system-level discipline, engineers can deliver 

measurement solutions that scale reliably with the growing hydrogen economy and support 

safe, dependable operation over the full lifecycle of the plant. 

Hydrogen concentration is commonly expressed as volume fraction (% v/v or ppmv), mole 

fraction, or partial pressure. In most industrial gas applications, hydrogen is measured in the 

gas phase under elevated pressure and variable temperature. 

Hydrogen presents unique measurement challenges due to its extremely low molecular 

weight, high diffusivity, and wide flammability range. Small leaks, permeation through seals, 

and adsorption or desorption on internal surfaces can dominate measurement uncertainty, 

especially at low concentrations. 

A proper hydrogen measurement specification must define: 

 Required measurement range and resolution 

 Response time requirements (normal operation vs safety) 

 Operating pressure and temperature 

 Background gas composition and variability 

 Acceptable maintenance and calibration intervals 

 Hazardous area classification 

 Consequence of undetected failure 

Hydrogen measurement is rarely limited by sensor sensitivity alone. In most applications, 

system integrity and response time define success or failure.
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Figure 1 – Typical Hydrogen Measurement System Architecture 

This figure illustrates a complete hydrogen measurement system as installed in an industrial 

process. 

The system consists of: 

 Process connection (in-situ or extractive probe) 

 Primary isolation valve 

 Pressure-rated sample interface 

 Sample conditioning components (where applicable) 

 Hydrogen analyzer 

 Signal interface to control and safety systems 

The diagram highlights that the analyzer is only one element of the measurement chain. 

Leak integrity, dead volume, pressure management, and safe venting dominate overall 

system performance and safety. 
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Figure 2 – Typical Hydrogen Measurement System   P&IDs 

Key design note: 

For hydrogen service, all wetted components must be evaluated for leakage, permeation, 

and pressure containment — not only corrosion resistance. 

2. Enhancing Safety and Efficiency in Hydrogen Facilities  

Leveraging In-situ Analyzers for High-Pressure Installations 

As hydrogen facilities scale from pilot systems to large, high-pressure industrial plants, the 

expectations placed on measurement systems change. 

Measurement is no longer only about accuracy. 

It directly affects: 

• safety 

• area classification 

• installation complexity 

• project cost 

• maintainability 

• and overall plant reliability 

 

In many hydrogen installations, the greatest risk is not the process equipment itself, but the 

interfaces created to measure it. 

Every sample tap, fitting, regulator, tube, and vent becomes a potential leak path. 

For hydrogen service, even very small imperfections matter. 

Because hydrogen is highly diffusive, light, and flammable across a wide concentration 

range, any unnecessary opening of the process boundary increases both hazard and 

engineering burden. 

For this reason, modern hydrogen facilities increasingly favor a simple principle: 

Keep the process closed. 
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Measure without extracting. 

 

The Safety Impact of Sample Extraction 

Traditional extractive analyzers require: 

• sample probes 

• tubing runs 

• pressure letdown regulators 

• filters and conditioners 

• analyzer enclosures 

• vent or flare routing 

While technically effective, these systems introduce multiple consequences: 

 Additional leak paths 

 Transport delay and dead volume 

 Condensation and composition bias 

 Higher maintenance 

 More complex installation 

 Increased hazardous area exposure 

From a safety perspective, each sample extraction point represents a controlled loss of 

containment. 

In hydrogen service, this has direct implications for hazardous area classification. 

Multiple extraction and venting locations often result in: 

• Zone 2 classification around sampling hardware 

• Zone 1 classification near vents or continuous release points 

These classifications drive significant cost: 

• explosion-proof enclosures 

• certified barriers and glands 

• special wiring practices 

• heavier mechanical construction 

• restricted equipment choices 

In many cases, the measurement architecture — not the process itself — determines the 

hazardous area footprint. 

 

2.1 In-situ Measurement as a Containment Strategy 

In-situ analyzers take a different approach. 

The measurement occurs directly inside the process piping or vessel. 

There is: 
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• no sample removal 

• no external tubing 

• no transport delay 

• no routine venting 

• no additional leak sources 

The analyzer becomes a pressure-rated part of the pipework rather than an external system. 

From an engineering standpoint, this restores the most important safety objective: 

maintain full containment of hydrogen. 

By eliminating sample extraction points, the probability of leakage decreases substantially. 

With fewer potential release sources, the surrounding area classification can often be 

reduced or simplified, depending on the overall plant risk assessment. 

This change has practical and economic consequences. 

Area Classification and Cost Implications 

When extraction and venting are minimized or eliminated, the measurement system may no 

longer drive hazardous zoning. 

In many installations this allows: 

 reduced hazardous area extent 

 simplified instrumentation design 

 use of standard industrial equipment if permitted 

 fewer certified enclosures 

 simpler wiring and installation practices 

The result is not only improved safety, but also: 

 lower capital cost 

 shorter installation time 

 easier maintenance access 

 simpler future expansion 

Hydrogen facilities benefit from both risk reduction and cost reduction at the same time. 

Few design decisions provide both. 

 

Performance and Quality Advantages 

Beyond safety and cost, in-situ measurement also improves measurement performance. 

Extractive systems inherently introduce delay. 

Gas must travel through tubing, regulators, and conditioners before reaching the analyzer. 

Dead volumes create “memory effects,” and condensation or adsorption can distort the true 

composition. 

In dynamic hydrogen systems — such as: 
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• electrolyzers 

• fuel cells 

• blending systems 

• purity monitoring 

• safety interlocks 

delay directly reduces effectiveness. 

In-situ analyzers remove this transport delay. 

They provide: 

• faster response 

• better transient detection 

• more representative measurements 

• fewer contamination risks 

• reduced maintenance 

Real-time detection of oxygen ingress, purity loss, or process upset becomes practical rather 

than delayed. 

For safety and control loops, this speed difference is often decisive. 

Typical Applications for In-situ Analyzers 

In-situ measurement is particularly beneficial when: 

• operating pressure is high 

• response time must be very fast 

• leak risk must be minimized 

• maintenance access is limited 

• sample conditioning is undesirable 

• purity or safety limits are critical 

Common examples include: 

• electrolyzer hydrogen purity monitoring 

• oxygen crossover detection 

• high-pressure pipeline hydrogen measurement 

• blending control 

• safety interlocks and permissive 

• hazardous or sour environments where extractive systems are complex 

In these services, eliminating sample extraction simplifies both the engineering and the risk 

profile. 

Engineering Considerations 

In-situ analyzers must still be engineered properly. 

They require: 
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• pressure-rated mechanical design 

• suitable wetted materials 

• defined failure behavior 

• diagnostics and health monitoring 

• maintainable access for service 

• correct integration with PAS/SIS 

In-situ does not remove engineering discipline. It removes unnecessary complexity. 

The objective is not fewer safeguards, but fewer leak paths. 

 

2.2 Engineering Takeaway 

In hydrogen facilities, every penetration of the process boundary carries risk and cost. 

Sample extraction systems multiply those penetrations. 

In-situ analyzers reduce them. 

By measuring directly inside the process: 

• containment improves 

• hazardous area exposure decreases 

• response time improves 

• installation simplifies 

• lifecycle cost drops 

For high-pressure hydrogen service, in-situ measurement is often not just an alternative 

architecture. 

It is the safer and more robust default choice. 

2.3 Extractive vs In-situ Hydrogen Measurement 

Hydrogen measurement systems can be broadly divided into in-situ and extractive 

configurations, as illustrated in Figure 3 and Figure 4. In an in-situ system (Figure 3), the 

analyzer measures hydrogen directly within the process line or vessel, with the sensing 

element or optical path exposed to the process gas at full operating pressure and 

temperature. In extractive systems (Figure 2), a portion of the process gas is withdrawn 

through a sample probe and transported via tubing and conditioning components to an 

analyzer located away from the process. The key distinction is that in-situ measurement 

reflects the instantaneous process condition with minimal delay, while extractive 

measurement introduces transport time, additional leak paths, and pressure or temperature 

changes before analysis occurs. Extractive systems offer flexibility and protection of the 

analyzer from harsh conditions, but require careful design to manage dead volume, 

condensation, and representativeness. In hydrogen service, the choice between in-situ and 

extractive measurement has direct implications for response time, safety, maintenance, and 

overall system integrity, and must be made based on application-specific requirements 

rather than sensor capability alone. 
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Figure 3 and Figure 4: In-situ versus extractive hydrogen measurement 

Table 1 Practical Engineering Comparison 

 

Aspect Extractive Measurement In-situ Measurement 

Process containment 

Sample removed from process. 

Multiple fittings, regulators, 

vents and connections create 

potential leak paths. 

Measurement occurs inside the 

pipe or vessel. No sample removal. 

Minimal additional leak points. 

Safety exposure 

Higher risk due to tubing, joints, 

and venting. Often increases 

hazardous area footprint. 

Lower risk. Fewer penetrations 

and no routine venting. Supports 

stronger containment philosophy. 

Hazardous area 

impact 

Extraction and vent locations 

frequently classified Zone 1 or 

Zone 2. Requires certified 

hardware and wiring. 

Reduced release sources. Area 

classification may be simplified 

depending on risk assessment. 

Response time 

Slower. Transport delay, dead 

volume, and conditioning create 

lag and “memory effects.” 

Very fast. Direct contact with 

process gas. Near real-time 

response. 

Measurement 

representativeness 

Sample may change pressure, 

temperature, or moisture 

before analysis. Possible bias. 

True process conditions. No 

transport or conditioning 

distortion. 

System complexity 

Probe, tubing, regulators, 

filters, dryers, analyzer cabinet, 

vents. Many components to 

design and maintain. 

Mechanically simple. Analyzer 

integrated directly into piping. 

Fewer components overall. 
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Aspect Extractive Measurement In-situ Measurement 

Installation effort 

Higher. Tubing runs, supports, 

heat tracing, hazardous area 

wiring, vent routing. 

Lower. Shorter installation time 

and fewer mechanical and 

electrical interfaces. 

Maintenance burden 

Filters clog, regulators drift, 

lines leak or plug. Frequent 

service is required. 

Minimal routine maintenance. 

Fewer consumables and fewer 

failure points. 

Lifecycle cost 

Higher capital and higher OPEX 

due to hardware, labor, and 

downtime. 

Lower capital and lower OPEX 

from simplified design and 

reduced service. 

Best suited for 

Multi-component analysis, 

harsh or dirty gas requiring 

heavy conditioning and 

centralized analyzers. 

Fast safety detection, purity 

monitoring, high-pressure 

hydrogen, leak minimization and 

control-critical measurements. 

 

Rule of Thumb   

If the application demands: 

1. fastest response 

2. highest integrity 

3. minimum leak risk 

4. simplest installation 

In-situ is usually preferred. 

 

If the application demands: 

1. heavy gas conditioning 

2. multi-component lab-style analysis 

3. centralized measurement of many streams 

Extractive may still be justified. 

In hydrogen service, eliminating unnecessary sample extraction often improves both safety 

and cost at the same time. 

3. Hydrogen Fuel Quality Traditional Sampling Strategies  

3.1 Representative Sampling for Purity Assurance 

Hydrogen quality control is a fundamental part of ensuring that hydrogen delivered for 

vehicles and industrial systems meets the required performance and durability criteria. Fuel 

cells in particular demand very high purity — for example, 99.97 % minimum fuel index is 

commonly applied — because many catalysts are sensitive to impurities such as sulfur and 

chlorine, which can cause irreversible damage if present above critical thresholds.   

Compliance with international standards such as ISO 14687 and EN 17124 depends not only 

on analytical accuracy, but also on representative sampling methods that truly reflect the 

composition of the dispensed hydrogen.   
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Hydrogen fuel quality sampling is currently being standardized by ISO/WD 19880-9, a 

working document developed with contributions from research bodies including SINTEF and 

the National Physical Laboratory (NPL). This standard aims to ensure that sampling 

procedures across the hydrogen supply chain produce equivalent and reliable results, 

regardless of the specific technique used.   

Overview of Sampling Strategies 

As part of the MetroHyVe 2 project — Metrology for Hydrogen Vehicles 2 — four main 

sampling strategies used in Europe were compared experimentally. The purpose was to 

assess whether different approaches produce representative hydrogen samples suitable for 

fuel quality analysis under real dispensing conditions.   

The key strategies investigated include: 

1. Parallel Sampling 

A T-piece is installed at the dispensing nozzle to divert a controlled proportion of the 

flow into a sampling cylinder while dispensing into a vehicle or simulated sink. The 

sample is collected during normal refueling protocol, and pressure control 

mechanisms are used to fill the sample container at the correct conditions.   

2. Qualitizer-based Sampling 

A commercially available adapter (e.g., Linde Qualitizer) also uses a T-piece at the 

nozzle but includes a high-pressure loop and regulators to fill the sample cylinder 

during a standard refueling event. Unlike some extractive systems, no routine 

venting to atmosphere is needed beyond initial depressurization of the adapter.   

3. Hybrid Adapter Sampling (Hy-SAM) 

This approach combines parallel sampling with enhanced surface passivation and 

multiple cylinder capability. Pre-purging procedures and variable flow controls 

reduce adsorption and conditioning effects in the sampling system.   

4. Serial Sampling 

In this method, a sampling cylinder is inserted in line with the flow and pressurized 

directly from the refueling station, requiring controlled refueling conditions and 

manual control of station valves. Purging is performed before collecting the sample 

to clear the line.   

While these methods differ mechanically, they share a common objective: obtain a 

representative snapshot of hydrogen composition at or near the dispensing point without 

distorting the gas conditions or introducing contamination.   

3.2 Why Representative Sampling Matters 
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Representative sampling is not a trivial engineering detail — it is central to the integrity of 

hydrogen fuel quality control. Decisions based on fuel quality results can affect compliance, 

safety, public perception, and confidence in hydrogen infrastructure deployment.   

Two challenges typically arise in sampling design: 

 Alteration of sample composition — Pressure changes, surface adsorption, 

temperature effects, or contamination from sampling hardware can bias the sample 

relative to the true composition in the dispensing line.   

 Equivalence of results across methods — Different sampling systems must provide 

results that are comparable within the tolerances defined by hydrogen fuel 

standards, even when operated under different mechanical configurations.   

Comparative studies such as those conducted in MetroHyVe 2 are essential for 

demonstrating that distinct sampling practices can be harmonized under ISO standards, and 

that the final analytical results reflect real fuel quality — not artefacts of sampling strategy.   

3.3 Sampling and Quality Standards 

Hydrogen fuel quality in Europe is controlled by ISO 14687 and EN 17124, which define limits 

for a range of contaminants. These limits are stringent because trace impurities can affect 

energy conversion systems, especially fuel cells.   

Sampling procedures must therefore ensure that: 

 The physical conditions of the sample (pressure, temperature) match as closely as 

possible the conditions in the dispenser. 

 The sampling hardware does not introduce or remove impurities. 

 The resulting sample is stable until laboratory analysis is performed.   

Good practice guides developed within MetroHyVe 2 note that even the choice of sampling 

cylinder material and preparation procedures can influence representativeness, particularly 

at trace concentration levels near standard limits.   

3.4 Engineering Considerations for Hydrogen Sampling 

From an engineering standpoint, sampling design should be treated as part of the overall 

measurement system, not an auxiliary add-on. Several factors should be considered when 

specifying or analysing a hydrogen sampling system: 

 Sampling location and protocol adherence — Ensure the sampling point truly 

reflects the flow conditions of the process and follows relevant refuelling protocols 

(e.g., SAE J2601).   

 Pressure regulation and control — Proper pressure matching prevents fractionation 

of components and ensures the sample represents the true fuel conditions.   

 Surface chemistry and adsorption effects — Passivation and material selection 

minimise adsorption of sensitive impurities, which can bias results.   



P a g e  | 16 

 

 

 Purging and dead volume management — Remove residual gas and eliminate dead 

zones to capture fresh process gas in the sample container.   

 Standard compliance and documentation — Sampling procedures should be 

documented and consistent with evolving ISO standards such as ISO 19880-9 and 

future guidance on occurrence classes (ISO 19880-8).   

Summary 

In hydrogen fuel quality assurance, the sampling strategy is as important as the analytical 

method itself. Representative sampling ensures that laboratory results truly reflect the fuel 

being dispensed, supporting compliance with stringent quality standards and protecting fuel 

cell performance.   

Comparative studies like MetroHyVe 2 provide critical evidence that different sampling 

approaches can yield equivalent results when engineered correctly, guiding standards 

development and harmonisation across markets.  

3.5 Hydrogen Fuel Quality Sampling Strategies-Schematic 

Parallel (T-Piece) Sampling 

Concept 

A small side stream is diverted from the dispensing nozzle or process line using a T-piece. 

Gas flows simultaneously to the vehicle (or sink) and to a sampling cylinder. 

Characteristics 

• Sample collected during normal operation 

• Minimal process disturbance 

• Moderate tubing and fittings 

• Some leak paths introduced 

• Good representativeness when flow is steady 
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Figure No.5 Parallel (T-Piece) Sampling 

Typical use 

Routine station verification and periodic fuel quality audits. 

Qualitizer / Adapter-Based Sampling 

 

Concept 

A dedicated adapter mounted at the nozzle contains an internal loop, regulator, and 

sampling cylinder. 

Sampling occurs automatically during refueling. 

Characteristics 

• Integrated, repeatable setup 

• Controlled filling conditions 

• Portable between stations 

• Reduced manual handling 

• Still extractive (hardware + fittings present) 

•  
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Figure No.6 Qualitizer / Adapter-Based Sampling 

 

Typical use 

Field compliance testing and standardized sampling campaigns. 

Hybrid / Multi-Cylinder Adapter (Hy-SAM Type) 

Concept 

Enhanced manifold with multiple cylinders, purge paths, and passivated tubing to minimize 

adsorption and contamination. 

Characteristics 

• Multiple samples in one run 

• Improved low-ppm integrity 

• Better impurity stability 

• More complex hardware 

• Higher setup effort 
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Figure No.7 Qualitizer / Adapter-Based Sampling 

  

 

Figure No.8 Serial Sampling 

 

Typical use 

Trace impurity studies and metrology-grade sampling. 

3.6 In-situ (Direct Inline Measurement-No Extraction)  

Concept 

Analyzer measures directly inside the process pipe or nozzle. 

No sample removal, no external transport, no cylinders. 

Characteristics 

• No extraction hardware 
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• No venting 

• Fastest response 

• Maximum containment 

• Lowest leak probability 

• Simplest installation 

 

Figure No.9 In-situ Measurement 

Typical use 

Continuous purity monitoring, safety interlocks, crossover detection, and real-time control. 

Table 2. Comparison 

Strategy 
Sample 

Removed? 
Leak Risk 

Response 

Time 

Hardware 

Complexity 
Best For 

Parallel T-

piece 
Yes Medium Medium Medium Routine checks 

Adapter / 

Qualitizer 
Yes Medium Medium Medium 

Standardized 

testing 

Hybrid / Hy-

SAM 
Yes 

Medium–

High 

Slow–

Medium 
High 

Trace impurity 

studies 

In-situ No Lowest Fastest Lowest 
Continuous safety 

& control 
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Figure No.10 Hydrogen Fuel Sampling Strategies 

 

Engineering Takeaway 

If the goal is periodic laboratory verification, extractive sampling is acceptable. 
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If the goal is continuous safety, fastest response, and minimum leak paths, in-situ 

measurement is the preferred architecture. 

In hydrogen service, fewer penetrations usually mean both safer and simpler.4. System 

View: Analyzer + Sampling + Installation 

Hydrogen analyzers must always be evaluated as complete systems. The sensor, sample 

probe, transport lines, pressure regulation, analyzer electronics, and installation geometry 

together determine accuracy, response, and safety. 

Extractive systems introduce: 

 Transport delay 

 Additional leak paths 

 Pressure reduction effects 

 Increased maintenance burden 

In-situ systems reduce transport delay and leak risk but require robust mechanical 

interfaces, pressure-rated construction, and defined failure behavior. 

For hydrogen service, poor sample system design can result in false low readings, delayed 

detection, or unsafe accumulation. Minimizing dead volume, eliminating unnecessary 

pressure letdown, and continuously monitoring system health are critical engineering 

controls. 

Figure 11– System View: Analyzer+Sampling+Installation 

Analyzers: 
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Requirements common to all hydrogen analyzer applications 

Core performance 

 Range and turndown: define normal + upset (e.g., 0–5% vs 0–100% H₂). Avoid “one 

range fits all.” 

 Response time (T90): especially for safety and control. Specify a number, not “fast.” 

 Accuracy + repeatability: separate “absolute accuracy” from “repeatability” 

(repeatability is often more important for control). 

 Pressure/temperature capability: process pressure rated, or defined letdown 

conditions with compensation. 

 Stability/drift: specify allowable drift per month and expected calibration interval. 

Safety / compliance 

 Hazardous area approvals: ATEX/IECEx/CSA/UL as needed. 

 If used in a safety loop: suitability for SIL (IEC 61508/61511) with documented 

failure modes, diagnostics, proof-test method. 

Diagnostics 

 Sensor health monitoring (fail-high/fail-low behavior defined) 

 Internal checks for flow/pressure/temperature, sample present, out-of-range, 

blocked sensor, etc. 

Table No.3 General Requirements Applicable to all Hydrogen Analyzers 

Category IEC / ISO Term Requirement Description 

Measurement 

Performance 

Measuring range and 

span 

Measuring range shall include normal operation, 

abnormal operation, and foreseeable upset 

conditions. Span selection shall not assume a 

single fixed operating point. 

Measurement 

Performance 

Dynamic response 

(T90) 

Response time shall be specified as T90 in 

seconds and shall meet control and/or safety 

performance requirements. Qualitative terms 

such as “fast” are not acceptable. 

Measurement 

Performance 
Accuracy 

Accuracy shall be defined as the maximum 

permissible error under reference conditions, 

expressed as % of span. 

Environmental 

Capability 
Repeatability 

Repeatability shall be specified independently 

from accuracy and evaluated under identical 

operating conditions. 

Stability 

Operating pressure 

and temperature 

limits 

Analyzer shall be rated for maximum allowable 

operating pressure (MAOP) and temperature or 

shall operate within specified limits. 
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Category IEC / ISO Term Requirement Description 

Functional Safety 
Long-term stability 

(drift) 

Maximum permissible drift shall be specified over 

a defined time period, together with required 

calibration interval. 

Functional Safety 
Hazardous area 

conformity 

Equipment shall be certified in accordance with 

IEC 60079 / ATEX / CSA / UL as applicable to the 

installation location. 

Functional Safety 
Safety integrity 

capability 

Where used in a safety-related system, suitability 

for IEC 61508 / IEC 61511 shall be documented, 

including failure modes, diagnostic coverage, and 

proof-test interval. 

Diagnostics 
Self-monitoring 

functions 

Analyzer shall provide continuous diagnostics for 

sensor condition, sample availability, and internal 

faults. 

 

4.1 Alkaline Electrolyzer – special analyzer requirements 

Main stresses: very wet gas, caustic aerosol carryover, droplets, contamination, and 

temperature swings. 

Analyzer must have 

 High humidity tolerance (continuous operation near saturated gas) 

 Contamination robustness: ability to withstand occasional KOH/NaOH mist 

carryover without permanent drift 

 Non-plugging flow path or easy access to clean 

 Field-calibration capability (zero/span) and stable baseline after exposure 

 Materials compatibility for any wetted parts exposed to caustic (seals, o-rings, 

membranes) 

Technology preference (practical) 

 TCD works well at high %H₂ but must be protected from composition changes and 

contamination. 

 For low-level impurities, GC or MS often becomes necessary (but slower/complex). 

Table 4 – Alkaline Electrolyzer – Application-Specific Requirements 

Aspect IEC / ISO-Aligned Requirement 

Process conditions Analyzer shall operate reliably in high-humidity gas streams, 

including continuous operation near saturation. 

Contamination 

resistance 

Analyzer shall tolerate intermittent exposure to alkaline 

aerosols (e.g., KOH/NaOH) without irreversible degradation or 

unacceptable drift. 
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Mechanical robustness Gas path shall be designed to prevent blockage or allow safe 

and simple cleaning without loss of calibration. 

Calibration Analyzer shall support on-site zero and span adjustment and 

demonstrate stable baseline recovery following contamination 

exposure. 

Materials Wetted materials shall be compatible with alkaline solutions in 

accordance with ISO material compatibility guidance. 

Technology guidance Thermal conductivity measurement is acceptable for high 

hydrogen fractions when composition stability is ensured; 

chromatographic or spectrometric methods may be required 

for trace impurities. 

4.2 PEM Electrolyzer - special analyzer requirements 

Main stresses: high purity H₂, oxygen crossover monitoring, fast transients, wet gas, and 

“bankability” requirements. 

Analyzer must have 

 Very high stability and repeatability (purity control is often tighter than accuracy) 

 Fast response to detect O₂ crossover events or purity dips 

 Low adsorption/memory effects (important when switching modes or during load 

changes) 

 Wide dynamic range if monitoring multiple states (start-up, purge, normal 

operation) 

 Ability to measure alongside/with O₂ (either integrated approach or matched 

analyzer pairing) 

Safety-critical note 

 If the analyzer is used to protect against explosive mixtures (H₂/O₂), specify: 

o clear alarm setpoints 

o defined safe-state behavior 

o diagnostics + proof test method 

 

4.3 Fuel Cells – Application Specific Requirements  

 

Table 5– Hydrogen Purity and Safety Monitoring Requirements 
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Aspect IEC / ISO-Aligned Requirement 

Purity monitoring 
Analyzer shall provide high repeatability and stability to support 

hydrogen purity verification and operational control. 

Transient detection 
Response time shall be sufficient to detect oxygen crossover or purity 

deviation under dynamic operating conditions 

Adsorption effects 
Analyzer design shall minimize hysteresis and memory effects during 

load changes, purging, and start-up/shutdown. 

Measuring range 
Analyzer shall cover all defined operational states, including start-up, 

purge, and steady-state operation 

Multi-component 

capability 

Where required, hydrogen and oxygen measurements shall be 

coordinated to ensure safe operation and mixture control 

Safety-related use 

When used to prevent formation of flammable mixtures, alarm limits, 

safe-state behavior, diagnostics, and proof testing shall be specified in 

the Safety Requirements Specification (SRS). 

4.4. Fuel Cells – special analyzer requirements 

Main stresses: low H₂ in anode exhaust (depending on design), humid exhaust, CO/CO₂ 

background, dynamic load, and need for tight control. 

Analyzer must have 

 Sensitivity at low H₂ (often % down to ppm depending on the point measured) 

 Excellent repeatability for control optimization (anode recirculation, purge strategy) 

 Fast response for transient events 

 Humidity/condensation tolerance 

 Cross-sensitivity management to CO₂, water, and inert gases depending on 

technology 

Use-case clarity matters 

 Monitoring anode exhaust H₂ slip is different than monitoring fuel supply purity—

often requires different technologies/ranges. 

Fuel Cell Applications – Application-Specific Requirements 

Table 6 – Hydrogen Analyzer Performance Requirements 

Aspect IEC / ISO-Aligned Requirement 

Sensitivity Analyzer shall measure hydrogen 

concentrations from percent down to ppm 

levels, as defined by the measurement 

point. 
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Control performance Repeatability shall be sufficient to support 

closed-loop control of purge and 

recirculation strategies. 

Dynamic response Analyzer shall meet response time 

requirements under variable load 

conditions. 

Environmental tolerance Analyzer shall tolerate humid gas streams 

and condensation conditions as specified. 

Cross-interference Influence of CO₂, water vapor, and inert 

gases shall be characterized and 

compensated where applicable. 

Application clarity Measurement objectives (fuel supply purity 

vs anode exhaust slip) shall be defined 

separately and may require different 

analyzer technologies. 

 

 

4.5 Petrochemical (H₂ + H₂S + Water) – special analyzer requirements 

This is the harshest: corrosion risk, poisoning, condensation, hazardous area, and strict 

reliability requirements. 

Analyzer must have 

 Sour service wetted materials (H₂S + water compatible) 

o 316 SS is often not enough; specify alloy/lining requirements as needed. 

 H₂S tolerance (no poisoning, no drift, no sensor damage) 

 Condensation tolerance or clear spec for conditioned dry sample only 

 Explosion-proof / intrinsically safe design per zone classification 

 Low maintenance / high uptime with simple field service 

 Clear failure behavior (especially if used for safety or interlocks) 

Technology caution 

 Many low-cost sensors are poisoned by H₂S or drift badly. 

 Non-selective methods (e.g., TCD) may be affected by changing hydrocarbon 

background—must be compensated or avoided. 

Petrochemical Applications (Hydrogen with H₂S and Water) 

Table 7 – IEC / ISO-Aligned Requirements for Analyzer Use in Sour and Hazardous Gas 

Service 
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Aspect IEC / ISO-Aligned Requirement 

Materials compliance Wetted materials shall be suitable for sour service in 

accordance with ISO 15156 / NACE MR0175 where 

applicable. 

Chemical resistance Analyzer shall tolerate continuous and intermittent H₂S 

exposure without poisoning, drift, or damage. 

Moisture handling Analyzer shall either tolerate condensation or be specified for 

conditioned dry gas service only. 

Explosion protection Equipment shall comply with applicable explosion protection 

standards per area classification. 

Availability Analyzer shall demonstrate high availability with defined 

maintenance and service procedures. 

Failure behavior Safe failure modes shall be defined and documented, 

particularly where analyzer outputs influence interlocks or 

shutdowns. 

Technology caution Non-selective measurement principles shall be evaluated for 

interference from hydrocarbons and compensated as 

required. 

4.6 What to specify in your datasheet (minimum “must-have” list) 

If you want the analyzer to be selected correctly, put these in writing: 

1. Measurement objective: purity, safety, control, blending, leak detection 

2. Range: normal + upset + start-up/shutdown 

3. Background gas composition (including H₂S, CO₂, H₂O, hydrocarbons) 

4. Pressure & temperature at analyzer inlet (not only process conditions) 

5. Humidity state: dry/wet basis, maximum dew point 

6. Response time (T90) requirement 

7. Accuracy and repeatability (separately) 

8. Calibration method: gases, frequency, field capability 

9. Approvals: ATEX/IECEx/CSA + SIL requirement (if applicable) 

10. Diagnostics: minimum alarms (flow low, sample fail, sensor fail, out of range) 

Minimum Requirements for RFQ / Datasheet Specification (IEC / ISO Style) 

Table 8 – Analyzer Specification Definition Requirements 

No. Specification Item 

1 Measurement purpose (process control, quality verification, safety function, leak 

detection). 

2 Measuring range including normal, abnormal, and transient conditions. 

3 Complete gas composition, including contaminants and impurities. 
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4 Pressure and temperature at analyzer inlet under all operating modes. 

5 Gas humidity condition (wet/dry basis, maximum dew point). 

6 Required response time expressed as T90. 

7 Accuracy and repeatability specified separately. 

8 Calibration method, calibration gases, frequency, and field capability. 

9 Applicable conformity and functional safety requirements. 

10 Diagnostic functions and minimum fault/alarm signaling requirements. 

4.7 Application Example Summary: Blending of High- and Low-BTU Gas Streams  

Purpose of BTU Blending 

Blending of high- and low-BTU gas streams is used to maintain a controlled and consistent 

fuel quality for downstream consumers. Typical objectives include: 

 Maintaining a constant heating value (BTU / HHV / LHV) 

 Controlling Wobbe Index for burner and turbine compatibility 

 Enabling controlled hydrogen injection into fuel gas or natural gas networks 

 Balancing variable gas sources such as hydrogen, natural gas, refinery fuel gas, off-

gas, or syngas 

In these applications, hydrogen concentration is often the dominant driver of BTU 

variability, even when its volumetric fraction is relatively small. 

Why hydrogen measurement is critical 

Hydrogen has: 

 Very high diffusivity 

 Low density 

 A much lower volumetric heating value than hydrocarbons 

 A strong effect on flame speed and combustion stability 

As a result, small deviations in hydrogen concentration can cause disproportionate changes 

in: 

 Heating value 

 Wobbe Index 

 Burner stability 

 Emissions and flame characteristics 

Hydrogen measurement therefore becomes control-critical, not merely informational. 
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Measurement objectives 

Hydrogen analyzers in BTU blending service shall support one or more of the following 

functions: 

 Feed-forward control to adjust blend ratios before disturbances propagate 

 Feedback control to trim and stabilize final BTU/Wobbe values 

 Quality assurance for contractual or grid compliance 

 Safety enforcement of maximum allowable hydrogen concentration 

The intended function shall be defined explicitly in the Functional Design Specification. 

 
Analyzer performance requirements 

For BTU blending applications, the hydrogen analyzer shall meet the following requirements: 

 Fast dynamic response (T90) to capture rapid changes in hydrogen injection rate 

 High repeatability, as control accuracy is more dependent on repeatability than 

absolute accuracy 

 Adequate resolution to maintain BTU/Wobbe within contractual limits 

 Wide operating range, covering minimum and maximum hydrogen injection, 

including transients 

 Stable operation under pressure, temperature, and composition changes 

Transport delay introduced by sampling systems shall be minimized and explicitly accounted 

for in control design. 

Technology and configuration considerations 

 In-situ hydrogen analyzers are preferred where rapid feed-forward control is 

required and where process pressure allows direct measurement 

 Extractive systems may be used where gas conditioning, multi-component analysis, 

or analyzer protection is required, but additional delay must be considered 

 Non-selective measurement principles (e.g. thermal conductivity) require 

compensation for changes in background hydrocarbon composition 

 Hydrogen measurement is often paired with BTU, calorific value, or Wobbe Index 

analyzers to validate blend performance and provide redundancy 

 

PAS and control integration 

In blending systems, hydrogen analyzers are typically integrated into PAS as: 

 Feed-forward inputs to the blending control algorithm 

 Feedback inputs for steady-state correction 

 Safety inputs enforcing hydrogen concentration limits 

PAS design shall define: 

 Analyzer signal classification (control vs safety) 

 Behavior during analyzer fault or invalid measurement 

 Transition handling during start-up, shutdown, and upset conditions 

Safety and regulatory considerations 

 Maximum hydrogen concentration shall comply with applicable fuel gas, pipeline, 

burner, or turbine standards 

 Analyzer installation shall comply with IEC 60079 / ATEX hazardous-area 

requirements 

 Where hydrogen blending affects downstream safety, analyzer availability and 

diagnostics may become part of a safety-related function 
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Engineering takeaway 

In high- and low-BTU blending applications, hydrogen measurement is a foundational 

element of control, safety, and fuel quality assurance. Proper analyzer selection, fast 

response, and correct PAS integration enable stable blending, protect downstream 

combustion systems, and allow flexible operation as hydrogen content increases. 

 

 

Figure 12– Hydrogen Blending Control Architecture with Feed-Forward, Feedback, and 

Safety Layers 

Upstream gas sources including high-BTU gas, low-BTU gas, and hydrogen injection are 

blended using fast composition measurement, process control, and safety interlocks to 

ensure fuel quality, operational stability, and functional safety. 

 

 

 Feed-forward uses fast signals (H₂%, flows, P/T) to correct blending before 

BTU/Wobbe drifts downstream. 
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 Feedback (BTU/Wobbe) provides a slower “trim” loop to eliminate steady-state bias 

and long-term drift. 

 Always pass quality flags (valid/bad) from analyzers into PAS logic; define behavior 

on invalid measurement (hold, substitute, alarm, safe-state). 

If hydrogen content limits are safety-critical, implement them in SIS with an SRS-defined 

response 

. Table 9 – Technology Suitability by Blending Function 

Blending Function Preferred Technology Rationale 

Feed-forward blending 

control 

TDLAS (in-situ) Fastest response, minimal 

transport delay, 

composition-independent 

Feedback BTU/Wobbe trim BTU/Wobbe Analyzer + GC 

(optional) 

Slow loop correction, 

steady-state accuracy 

Hydrogen injection limit 

enforcement 

TDLAS or fast selective H₂ 

analyzer 

Deterministic response for 

safety and compliance 

High H₂ fraction blending 

(>20–30%) 

TCD (with compensation) Robust when background 

composition is stable 

Variable hydrocarbon 

background 

TDLAS or MS Avoids TCD cross-sensitivity 

Custody / compliance 

verification 

GC Traceable, auditable results 

Model validation / 

optimization 

MS Full gas composition insight 

 

Table 10 – In-Situ vs Extractive Considerations for Blending 

Aspect In-Situ Analyzer Extractive Analyzer 

Response time Very fast Slower (transport delay) 

Feed-forward control Highly suitable Limited by sampling delay 

Leak risk Minimal Higher (tubing, fittings) 

Maintenance Low Higher (filters, regulators) 

Background compensation Strong (TDLAS) Technology-dependent 

Use case Dynamic blending, fast 

correction 

Conditioned gas, multi-

component analysis 
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5. Sampling Systems: Industrial Implementations 

Core rules for any hydrogen sampling systems 

 Leak integrity is everything. Hydrogen leaks through tiny imperfections. Use welded 

tubing where possible, minimize fittings, and perform helium leak testing on the 

assembled system. 

 Minimize dead volume. Dead legs and large internal volumes create slow response 

and “memory” effects. 

 Control pressure properly. Large pressure letdowns can cause cooling/condensation 

and composition bias. Put regulators close to the analyzer when feasible. 

 Design venting as a safety system. Vent lines must go to a safe location (flare/vent 

header), avoid low points, and prevent backflow. 

 Materials must match chemistry. For wet acid gas (H₂S + water), “stainless steel” is 

not automatically safe. 

5.1 Alkaline Electrolyzers  

Typical sample issues: high humidity, caustic carryover (KOH/NaOH mist), aerosols, 

droplets, and temperature swings. 

Sampling design priorities 

1. Stop liquid/caustic carryover 

o Add knock-out pot / coalescing filter upstream of analyzer 

o Use mist eliminator if aerosols are expected 

2. Manage water vapour properly 

o Decide: measure wet basis vs dry basis 

o If dry basis required → use a condiToner/dryer that does not absorb 

hydrogen or add delay 

3. Prevent salt/caustic deposition 

o Avoid cold spots where moisture can condense and crystallize KOH 

o Consider heat tracing of the probe/line if temperature can drop below dew 

point 

4. Materials 

o Hydrogen + moisture is fine for 316, but caustic + high temperature can be 

aggressive 

o For suspected caustic carryover, use compatible elastomers and avoid 

materials that craze or swell 
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Figure 12– Alkaline Electrolyzers 

 

5.2 PEM Electrolyzes 

Typical sample issues: high purity requirements, oxygen crossover risk, fast transients, and 

humid hydrogen. 

Sampling design priorities 

1. Fast response for safety 

o Keep sample lines short; prefer in-situ where possible 

o Minimize transport delay for detecting oxygen ingress / crossover 

2. Avoid oxygen contamination and air ingress 

o Ensure tightness under vacuum/low-pressure conditions too (not only at 

pressure) 

o Design sample system so ambient air cannot be pulled in during shutdown 

3. Water management 

o PEM hydrogen is often saturated or near-saturated with water 

o Avoid condensation in lines (causes “false stability” and slow drift) 

4. Purging strategy 

o Provide nitrogen purge capability for start-up/shutdown and maintenance 

o Design purge to clear dead legs fully 
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Figure 13– PEM Electrolyzers 

 

5.3 Fuel cells (especially PEM fuel cells)  

Typical sample issues: very low H₂ concentrations at anode exhaust, humidity, possible 

CO/CO₂, and need for quick detection of abnormal conditions. 

Sampling design priorities 

1. Measure at the right point 

o Anode recirculation loops can be non-representative; avoid sampling after 

long mixing volumes unless that’s intended 

2. Very low concentration capability 

o Leaks and ambient ingress dominate at low ppm/low % H₂ → leak integrity 

and dead volume become even more critical 

3. Humidity and condensation 

o Fuel cell exhaust is humid; keep lines above dew point or intentionally 

condense in a controlled separator 

4. Avoid adsorption “memory” 

o Some tubing/plastics cause slow-release effects. Prefer metal tubing and 

minimal soft materials. 
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Figure 14– Fuel Cells 

 

5.4 Petrochemical applications  

H2S + Water Present 

This is the toughest case. Main risks: corrosion, sour water condensation, plugging, analyzer 

poisoning, and safety hazards. 

 

Sampling design priorities 

1. Assume wet sour conditions will occur 

o Even if “gas phase,” condensation happens in cool-down/start-up and low 

points 

o Design to eliminate low points, slope lines, and include drains if appropriate 

2. Materials selection 

o 316/316L is often not acceptable in wet H₂S + water environments, and can 

also be problematic if acids/chlorides appear 

o Follow sour service practice (often NACE/ISO 15156 materials framework) 

3. H₂S handling 

o Keep sample system fully sealed, vent to safe header 

o Ensure fittings, valves, and regulators are rated for sour service 

4. Water and hydrate control 

o If hydrocarbons are present, hydrate risk is real. Control temperature or 

dehydrate. 

5. Conditioning without bias 

o Filters/coalescers must not absorb H₂S or change composition 

o Avoid materials that react with sulfur species 

6. Maintenance and safety 

o Provide block-and-bleed isolation, purge connections, and safe vent paths 
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o Design for safe replacement of filters and regulators without exposing 

personnel 

 

Figure 15–  Hydrogen Sampling System 

Practical “design checklist” (works for all four cases) 

 Sample point representative? (avoid stagnant zones) 

 Short lines, minimal fittings, minimal dead legs 

 Leak test plan defined (helium test) 

 Clear decision: wet vs dry measurement basis 

 Dew point control strategy (heat trace or controlled condensation) 

 Proper venting to safe area/flare, no backflow 

 Sour service materials validated when H₂S + water possible 

 Purge ports + block-and-bleed isolation included 

 Analyzer protection (coalescer/KO pot) sized for worst-case carryover 

6. Installations  

Installation requirements common to all Hydrogen Analyzers 

Location & mounting 

 Install where you can access safely for calibration, proof testing, and maintenance 

(filters, regulators, sensor). 

 Avoid high vibration, thermal cycling, and direct radiant heat. 

 Keep the analyzer close to the sample point to minimize transport delay (unless 

process hazards require distance). 

Hazardous area & compliance 

 Confirm area classification (Zone/Division) and ensure: 

o analyzer approval matches the zone 
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o correct cable glands, conduit seals, and barriers 

o correct earthing/grounding and bonding 

Pressure, venting, and containment 

 All sample lines and components must be pressure rated for maximum credible 

pressure. 

 Provide safe vent routing (flare/vent header), avoid venting into buildings. 

 Design vent lines to prevent backpressure and backflow. 

Purge and isolation 

 Provide block-and-bleed isolation to allow safe maintenance. 

 Provide purge connections (typically N₂) for start-up/shutdown and service. 

 Provide test/cal ports for field calibration without dismantling. 

Signal integration 

 Clearly separate: 

o process control outputs (4–20 mA / digital) 

o alarm contacts 

o SIS outputs (if used in safety function) 

 Ensure time stamps and data quality flags (sample fail, sensor fail) are passed to 

DCS/SIS. 

 

6. 1 Alkaline electrolyzer installation  

Main field issues: water + caustic aerosol carryover, deposits, plugging, and corrosion. 

Installation must include 

 KO pot / coalescer drain installed vertically and accessible. 

 Analyzer and lines positioned to avoid liquid pooling; slope lines and eliminate low 

points. 

 If condensation risk exists, use heat tracing on: 

o probe area 

o sample line 

o regulator body (cold spot) 

 Keep analyzer away from caustic spray zones and washdown exposure. 

Mechanical detail that matters 

 Use materials and seals compatible with KOH/NaOH mist. 

 Put the pressure regulator near the analyzer (reduces long low-pressure wet line). 

 Provide simple “service mode” isolation and purge so technicians don’t open 

caustic-wet lines. 

 

6. 2 PEM electrolyzer installation  

Main issues: high purity expectations, oxygen crossover risk, wet gas, fast transients. 

Installation must include 

 Shortest possible sample path (or in-situ) to meet response time. 

 Excellent sealing: PEM environments often have frequent cycling → fiXngs loosen 

over time. 

 Avoid any installation that can suck air in during shutdown or low-pressure 

operation: 

o add check valves where appropriate 

o ensure vent routing does not create suction 
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 Provide purge sequence capability (N₂) and defined purge volumes. 

Control & safety integration 

 If used for purity or crossover protection: 

o configure alarms in DCS and trips in SIS with clear setpoints 

o document the cause-and-effect (C&E) 

 Ensure analyzer status (fault, maintenance mode) is properly handled to avoid 

nuisance trips. 

 

6. 3 Fuel cell installation  

Main issues: humid exhaust, low H₂ levels at some points, dynamic load, and interference. 

Installation must include 

 Install sample taps where gas is representative (avoid stagnant pockets). 

 Protect against condensation (fuel cell exhaust is humid): 

o keep lines above dew point OR 

o condense in a controlled separator (not inside lines) 

 If measuring low H₂, prevent ambient ingress: 

o leak-tight assemblies 

o avoid long low-pressure lines 

 Avoid electrical noise and grounding issues (important for low-level signals): 

o proper shielded cable practice 

o clean grounding scheme 

 

6. 4 Petrochemical installation with H₂S + water  

Main issues: sour corrosion, poisoning, condensation, safety exposure, and hazardous area 

rules. 

Installation must include 

 Sour service materials for all wetted parts (probe, valves, regulators, tubing, 

fittings). 

 No low points, no dead legs; slope tubing and provide drains only if they can be 

handled safely. 

 Keep the system above dew point where feasible; if not, design-controlled knock-

out and safe draining. 

 Route all vents to flare/sour vent header; never vent locally. 

 Provide double block-and-bleed for safe maintenance and calibration. 

 Ensure enclosure and installation minimize technician exposure to H₂S during 

service. 

Electrical & safety 

 Strict compliance to hazardous area installation practice: 

o certified glands, barriers, purge systems (if applicable) 

o correct IP rating for washdown / outdoor exposure 

 If part of a SIF: 

o defined proof test procedure 

o bypass management / key switch / permit logic 

o alarm rationalization to prevent unsafe bypass culture 

Commissioning checklist (installation-focused) 
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 Helium leak test the assembled sample system (not just pressure test). 

 Verify analyzer inlet pressure/flow matches datasheet. 

 Verify vent backpressure is within limits. 

 Validate purge volumes and purge time. 

 Verify calibration ports, gases, and procedure. 

 Confirm DCS/SIS scaling and alarm setpoints. 

 Run a step test (change H₂ concentration) and confirm response time meets 

requirement. 

7. Process Automation, Safety and Control Integration  

Safety aspects and regulatory considerations 

Hydrogen measurement systems are safety-relevant by nature and must be designed in 

compliance with applicable pressure equipment, hazardous area, and functional safety 

regulations. All components exposed to process gas shall be rated for the maximum credible 

pressure and temperature, including upset and transient conditions, in accordance with 

PED/ASME requirements where applicable. Installation in hazardous areas must comply with 

ATEX/IECEx or Class/Division standards, including certified enclosures, cable glands, 

grounding, and segregation of intrinsically safe circuits. Where hydrogen analyzers are used 

for protection, purge verification, or explosive risk mitigation, they shall be evaluated as part 

of a Safety Instrumented Function under IEC 61508/61511, with clearly defined failure 

modes, diagnostics, proof-test procedures, and safe-state behavior. Venting of sample gas 

must be routed to a designated safe location or flare system, and analyzer installation shall 

minimize hydrogen accumulation in enclosed spaces. Regulatory compliance alone does not 

ensure safety; system integrity, leak tightness, response time, and maintainability must be 

addressed together to achieve safe and reliable hydrogen operation. 

Process Automation and Safety (PAS) considerations 

Hydrogen analyzers shall be integrated into the Process Automation and Safety (PAS) 

architecture as active decision-making elements, not as passive indicators. Analyzer signals 

must be classified clearly as control, alarm, or safety inputs, with defined handling of normal 

operation, fault conditions, maintenance modes, and bypass states. Feed-forward use of 

hydrogen measurement is strongly recommended where rapid changes in process 

composition or load are expected, allowing corrective actions before deviations propagate 

to downstream equipment. PAS design shall ensure deterministic signal handling, validated 

communication paths, and appropriate segregation between basic process control systems 

and safety systems. Analyzer diagnostics, quality flags, and failure indications must be 

transmitted to the control system and used to prevent unsafe operation based on invalid 

measurements. Effective PAS integration ensures that hydrogen measurement supports not 

only protection, but also stable operation, availability, and optimized performance across 

the full operating envelope. 
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8. Gas-Phase Hydrogen Measurement Technologies  

8.1 Thermal Conductivity (TCD)  

Thermal Conductivity Detectors (TCD) measure hydrogen concentration by exploiting 

hydrogen’s exceptionally high thermal conductivity relative to most other gases. The 

detector infers hydrogen content from changes in heat transfer between a heated sensing 

element and the surrounding gas. 

Because hydrogen’s thermal conductivity is significantly higher than nitrogen, argon, 

methane, and most industrial gases, TCD technology has become the most widely used 

industrial method for hydrogen concentration and purity measurement. 

TCD analyzers are commonly deployed in hydrogen production systems—particularly 

electrolysis, reforming, and PSA purification units—where hydrogen concentrations are 

high and the background gas composition is relatively stable. 

Measurement Principle 

• Hydrogen exhibits very high thermal conductivity compared to most process gases 

• A heated sensor element loses heat at a rate proportional to the thermal conductivity of 

the surrounding gas 

• Changes in heat loss are correlated to hydrogen concentration relative to a reference gas 

 

TCDs measure bulk thermal conductivity, not hydrogen directly. As a result, the signal 

represents the combined thermal properties of the gas mixture. 

 

Figure 15– TCD 

 

Strengths 

• Robust and mechanically simple 

• Fast response time 

• No consumables or reagents 

• Well-proven industrial technology 

• Ideal for high hydrogen concentrations 
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• Excellent performance in binary or near-binary mixtures 

 

Typical optimal matrices include: 

• H₂ / N₂ 

• H₂ / Ar 

• H₂ / CH₄ (with stable composition) 

Limitations 

• Non-selective measurement principle 

• Cross-sensitivity to other gases with changing thermal conductivity 

• Accuracy degrades in multi-component or variable gas streams 

• Requires stable and well-defined background gas composition 

• Generally unsuitable for low-ppm hydrogen safety detection without additional controls 

 

Because TCD responds to overall thermal conductivity, changes in background gases—such 

as methane slip, nitrogen ingress, or oxygen contamination—can introduce measurement 

bias if not properly managed. 

Typical Applications 

• Hydrogen purity monitoring 

• Electrolyzer product gas 

• Reformers and shift reactors 

• PSA product and tail gas 

• Hydrogen blending applications 

 

TCD technology is particularly effective where hydrogen concentration is high and process 

conditions are well controlled. 

Engineering Guidance 

 

Thermal Conductivity Detectors are best suited for process control and purity monitoring, 

not for primary safety protection in variable gas environments. 

 

TCD analyzers: 

• perform best in stable, binary-like mixtures 

• should not be relied upon alone for low-level hydrogen safety detection 

• may require redundancy or complementary technology in dynamic processes 

 

When properly applied, TCD remains a reliable, cost-effective, and industry-standard 

solution for hydrogen measurement in production and purification systems 

8.2 Electrochemical Hydrogen Sensors   

Electrochemical hydrogen sensors measure hydrogen concentration through an oxidation 

reaction occurring at an electrode surface. When hydrogen diffuses to the sensing electrode, 

it undergoes an electrochemical reaction that generates an electrical current proportional to 

hydrogen concentration. 

This technology is widely used for low-ppm hydrogen detection in clean environments and is 

most commonly applied in portable instruments and secondary safety monitoring rather 

than continuous industrial process control. 
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Measurement Principle 

• Hydrogen diffuses through a membrane to an electrochemical cell 

• Hydrogen is oxidized at the sensing electrode 

• The resulting electrochemical reaction produces a measurable current 

• The output current is proportional to hydrogen concentration 

 

Figure 16– Electrochemical Hydrogen Sensor 

 

Electrochemical sensors directly measure hydrogen via a chemical reaction, rather than a 

physical property of the gas. 

Characteristics and Strengths 

• Good sensitivity from low ppm up to % levels 

• Compact and lightweight design 

• Low initial cost 

• Simple installation 

• Selective electrode formulations available 

• Widely used in personal and portable gas detectors 

 

Electrochemical sensors are particularly effective for spot monitoring and personnel safety 

applications where portability and low cost are critical. 

Limitations 

 

• Finite sensor lifetime due to consumable electrodes and electrolytes 
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• Output drift over time 

• Sensitivity to temperature and humidity 

• Cross-sensitivity to interfering gases (CO, H₂S, solvents, etc.) 

• Susceptibility to poisoning and electrolyte depletion 

• Requires periodic calibration and sensor replacement 

 

Because the sensing mechanism relies on a chemical reaction, performance degrades with 

exposure, making long-term stability a challenge in continuous operation. 

Typical Applications 

 

• Portable hydrogen detectors 

• Personal safety monitors 

• Area leak detection 

• Secondary safety indication 

• Temporary or backup monitoring 

 

Electrochemical sensors are rarely used as primary safety interlocks or process control 

instruments in hydrogen production facilities. 

Engineering Guidance 

 

Electrochemical hydrogen sensors are best suited for intermittent or portable detection 

rather than fixed, continuous industrial service. 

 

They are generally not recommended for: 

• primary process control 

• continuous high-availability safety systems 

• harsh, high-temperature, or contaminated process streams 

 

In critical installations, electrochemical sensors may be used as secondary indicators but 

should be complemented by more stable and durable technologies. 

Emerging and Hybrid Technologies 

 

Several alternative hydrogen sensing approaches are under active development, including: 

 

• Raman spectroscopy 

• MEMS-based hydrogen sensors 

• Infrared absorption techniques 

 

These technologies offer potential advantages in miniaturization and selectivity, but 

currently require additional field validation before widespread adoption in industrial 

hydrogen systems. 

Summary 

 

Electrochemical hydrogen sensors provide good low-ppm sensitivity in clean environments, 

but their consumable nature, drift, and cross-sensitivity limit their suitability for continuous 

industrial hydrogen measurement. 
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They are best positioned as portable detectors or supplementary safety devices, rather than 

core process instrumentation in hydrogen production and purification facilities. 

8.3 Catalytic / Combustible Gas Sensors   

Catalytic gas sensors—commonly referred to as pellistors—detect hydrogen by measuring 

the heat released during catalytic oxidation of hydrogen on a heated catalyst surface. The 

resulting temperature increase is proportional to hydrogen concentration within the 

flammable range. 

 

These sensors are widely used for Lower Explosive Limit (LEL) detection in ambient air and 

are primarily intended for safety and leak detection rather than quantitative process 

measurement. 

Measurement Principle 

 

• Hydrogen diffuses to a heated catalytic bead 

• In the presence of oxygen, hydrogen oxidizes on the catalyst surface 

• The oxidation reaction releases heat 

• The temperature rise changes the electrical resistance of the sensing element 

• The resistance change is correlated to hydrogen concentration 

 

Because the sensing mechanism relies on combustion, oxygen must be present for proper 

operation. 

 

Figure 16– Catalytic  Hydrogen Sensor 
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Characteristics and Strengths 

 

• Simple and well-established technology 

• Robust construction 

• Widely used for LEL monitoring 

• Direct indication of flammability risk 

• Suitable for ambient air applications 

 

Catalytic sensors are optimized to detect hydrogen concentrations approaching or within 

the explosive range rather than trace or high-purity measurement. 

Measurement Range 

 

• Typically calibrated for 0–100 % LEL 

• Intended to indicate explosion risk, not hydrogen purity or process concentration 

Limitations 

 

• Requires oxygen to function 

• Inoperative in inert, oxygen-free, or pure hydrogen environments 

• Susceptible to catalyst poisoning (e.g., sulfur compounds, silicones, halogens) 

• Sensor aging and sensitivity loss over time 

• Not suitable for high hydrogen concentrations 

• Limited selectivity in mixed-gas environments 

 

These limitations restrict catalytic sensors to ambient safety monitoring rather than 

industrial hydrogen process measurement. 

Typical Applications 

 

• Hydrogen leak detection 

• Area and perimeter safety monitoring 

• Explosion prevention systems 

• General combustible gas detection in air 

 

Catalytic sensors are commonly installed in open, ventilated areas where oxygen is present 

and explosion risk must be monitored. 

Engineering Guidance 

Catalytic hydrogen sensors are best suited for LEL-based safety applications in air. They are 

not appropriate for: 

• oxygen-free process streams 

• inert purge systems 

• hydrogen purity measurement 

• electrolyzers, reformers, or pyrolysis reactors 

• quantitative process control 
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In hydrogen production facilities, catalytic sensors are typically deployed as peripheral 

safety devices, while other technologies are used for process measurement and low-level 

detection. 

Summary 

Catalytic (pellistor) sensors provide a simple and reliable indication of flammability risk in 

ambient air. However, their dependence on oxygen and vulnerability to catalyst poisoning 

limit their use to area safety monitoring, not hydrogen process analysis. 

They should be treated as explosion prevention instruments, not analytical hydrogen 

sensors. 

8.4 Laser Absorption (TDLAS)    

Tunable Diode Laser Absorption Spectroscopy (TDLAS) measures hydrogen concentration by 

detecting optical absorption of laser light at a specific hydrogen absorption wavelength 

along a defined optical path. 

 

Unlike contact-based sensors, TDLAS is a non-contact, optical technique that directly 

interrogates the gas phase. This enables extremely fast response times and makes the 

technology well suited for dynamic hydrogen processes and safety-critical detection. 

Measurement Principle 

 

• A tunable diode laser emits light at a hydrogen-specific wavelength 

• The laser beam passes through the gas along a defined optical path 

• Hydrogen absorbs a portion of the light at characteristic wavelengths 

• The reduction in transmitted light intensity is measured 

• Absorption magnitude is proportional to hydrogen concentration 

 

TDLAS provides species-specific measurement, unlike bulk-property methods. 

 

Figure 17–  TDLAS 
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Characteristics and Strengths 

• Extremely fast response time (milliseconds) 

• In-situ measurement capability 

• No consumables or electrochemical reactions 

• High selectivity to hydrogen 

• Direct optical measurement 

• Continuous self-diagnostics (signal strength, alignment, window condition) 

 

TDLAS analyzers are particularly valuable where rapid detection and immediate feedback 

are required. 

 

Limitations and Engineering Challenges 

• Requires clear optical access 

• Optical window fouling in dirty or dusty environments 

• Signal attenuation in humid or condensing streams 

• Sensitivity to misalignment or vibration 

• Installation geometry is critical 

• Higher upfront cost compared to conventional sensors 

 

While TDLAS is analytically strong, mechanical and environmental design largely determines 

long-term performance. 

 

Typical Applications 

 Fast hydrogen safety detection 

• Electrolyzer hydrogen headers 

• Reactor inlets and outlets 

• Vent and purge monitoring 

• High-speed process control 

• Hazardous area detection with minimal intrusion 

 

TDLAS is especially effective in large-diameter pipes, ducts, or open paths where extractive 

sampling is impractical. 

Engineering Guidance 

 

TDLAS is best applied where: 

• very fast response is required 

• minimal dead volume is critical 

• in-situ measurement reduces leak risk 

• background gas composition is variable 

• safety functions demand high reliability 

However, it is not ideal for: 

• heavily fouled, dusty, or condensing gas streams without conditioning 

• installations with poor optical access 

• locations subject to severe vibration without mechanical stabilization 

Proper window protection, purge systems, and alignment strategy are essential. 

Summary 



P a g e  | 49 

 

 

TDLAS provides high-speed, selective hydrogen measurement with excellent diagnostics 

and minimal process intrusion. When properly engineered, it is one of the most powerful 

tools for hydrogen safety and dynamic process monitoring. 

Its success depends less on the spectroscopy itself and more on optical path design, 

environmental control, and mechanical integrity. 

8.5 Mass Spectrometry (MS)     

Mass spectrometry (MS) measures hydrogen concentration by ionizing gas molecules and 

separating them based on their mass-to-charge ratio. This allows simultaneous detection of 

hydrogen and multiple other gas species within a single analytical system. 

 

MS systems provide high diagnostic power and multi-component visibility, making them 

valuable tools for process optimization, troubleshooting, and research applications. 

However, their complexity and maintenance requirements generally limit their use in 

continuous industrial safety roles. 

Measurement Principle 

• Sample gas is extracted from the process 

• Gas enters a high-vacuum ionization chamber 

• Molecules are ionized 

• Ions are separated based on mass-to-charge ratio 

• Ion current is measured and converted to gas composition 

 

Mass spectrometry measures individual gas species directly, rather than inferring 

concentration from bulk properties. 

 

Figure 18– MASS Spetrometry Hydrogen Measurement 
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Characteristics and Strengths 

• Multi-component gas analysis 

• Excellent diagnostic capability 

• High sensitivity (ppm to % levels) 

• Fast response when properly conditioned 

• Capable of detecting trace impurities 

• Valuable for process optimization and troubleshooting 

 

MS analyzers provide visibility not only into hydrogen concentration, but also into 

background gases and contaminants. 

 

Limitations 

• Requires high-vacuum system 

• Extractive sampling only 

• High mechanical and operational complexity 

• Sensitive to contamination and moisture 

• Requires frequent calibration 

• Higher maintenance burden 

• Larger footprint and higher cost 

 

Vacuum integrity, sampling cleanliness, and calibration discipline are critical to reliable MS 

operation. 

 

Typical Applications 

• Process diagnostics 

• Hydrogen purity characterization 

• PSA and membrane performance analysis 

• Research and development 

• Commissioning and optimization studies 

 

Mass spectrometry is most commonly used in engineering support roles, rather than 

continuous plant operation. 

Engineering Guidance 

 

Mass spectrometry is best suited for: 

 

• detailed process analysis 

• troubleshooting and fault diagnosis 

• multi-gas composition tracking 

• laboratory or controlled industrial environments 

 

It is generally not recommended for: 

 

• primary safety instrumentation 

• continuous hazardous-area protection 

• fast interlock or emergency shutdown functions 

 

MS systems are often deployed as reference analyzers, supporting other measurement 

technologies. 
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Summary 

 

Mass spectrometry offers exceptional analytical power and flexibility, enabling detailed 

insight into hydrogen systems and associated gas streams. However, the requirement for 

vacuum systems, extractive sampling, and ongoing maintenance limits its suitability for 

primary safety or control roles. 

 

MS should be viewed as a diagnostic and optimization tool, complementing simpler, more 

robust technologies used for real-time hydrogen monitoring. 

8.6 Gas Chromatography (GC)    

Gas chromatography (GC) measures hydrogen concentration as part of a separated, multi-

component gas analysis. The technique physically separates individual gas species before 

detection, allowing hydrogen to be quantified with high accuracy and traceability. 

GC systems are widely used as reference analyzers in hydrogen applications. While 

analytically powerful, their cyclic operation and relatively slow response times limit their 

suitability for real-time process control or safety interlocks. 

Measurement Principle 

• A representative gas sample is extracted from the process 

• The sample is injected into a chromatographic column 

• Individual gas components are separated based on retention time 

• Hydrogen is detected using an appropriate detector (commonly TCD) 

• Component concentrations are calculated from calibrated peak areas 

 

GC directly identifies hydrogen as a distinct peak within a separated gas mixture. 

 

Figure 19- Gas Chromotrography Hydrogen Measurement 
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Characteristics and Strengths 

• High analytical accuracy 

• Excellent repeatability and traceability 

• Multi-component gas analysis 

• Well-established laboratory and industrial method 

• Suitable for certification and specification verification 

• Stable long-term performance when properly maintained 

GC is often considered the benchmark measurement against which other hydrogen 

analyzers are validated. 

Limitations 

• Discontinuous (cyclic) measurement 

• Typical cycle times measured in minutes 

• Not suitable for fast process dynamics 

• Extractive sampling required 

• Requires carrier gas supply 

• Requires regular calibration and maintenance 

• Larger footprint and higher system complexity 

Because of its time resolution, GC cannot capture rapid hydrogen concentration changes or 

transient events. 

Typical Applications 

• Hydrogen purity certification 

• Product specification verification 

• Quality control and auditing 

• Calibration reference for online analyzers 

• Research and laboratory analysis 

GC is commonly used at battery limits, product headers, or quality assurance points, rather 

than inside dynamic process loops. 

Engineering Guidance 

Gas chromatography is best suited for: 

• contractual quality verification 

• regulatory compliance 

• long-term trend validation 

• reference measurement 

It is generally not recommended for: 

• real-time control 

• safety interlocks 

• emergency detection 

• fast transient monitoring 
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In hydrogen systems, GC is most effective when used to validate and support faster online 

measurement technologies. 

 

Summary 

Gas chromatography delivers high-accuracy, traceable hydrogen analysis through physical 

separation of gas components. Its inherent cycle time makes it unsuitable for real-time 

safety or control, but invaluable for quality assurance, auditing, and reference 

measurement. 

GC should be viewed as a quality and verification tool, not a frontline process or safety 

analyzer. 

8.7 Indirect and Multi-Component Methods    

Indirect hydrogen measurement methods infer hydrogen concentration from secondary 

process variables or from the behavior of multi-component gas properties, rather than 

measuring hydrogen directly. 

These approaches may include: 

 inferred hydrogen from bulk properties 

 calculated balances 

 compensation-based measurements 

 multi-gas correlations 

 

While sometimes attractive for cost or integration reasons, indirect hydrogen measurement 

must be applied with extreme caution. 

Measurement Principle 

 

• Hydrogen concentration is inferred rather than directly measured 

• The signal is derived from: 

 bulk physical properties (e.g., thermal behavior, density) 

 multi-component gas models 

 pressure, temperature, or flow relationships 

• Hydrogen is calculated as part of a broader gas behavior model 

 

Indirect methods rely heavily on assumptions about gas composition and operating 

conditions. 
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Figure 20- Indirect Hydrogen Measurement 

 

Characteristics and Strengths 

 

• Can leverage existing instrumentation 

• Useful for trend analysis in stable systems 

• May reduce hardware complexity in controlled environments 

• Suitable for modeling and simulation purposes 

 

Indirect methods can provide useful insights when operating conditions are well understood 

and tightly controlled. 

Limitations and Risks 

 

Highly sensitive to: 

 background gas composition 

 pressure changes 

 temperature variation 

• Cross-effects often dominate the inferred signal 

• Small deviations can introduce large hydrogen measurement errors 

• Not inherently selective to hydrogen 

• Requires frequent validation 

• Model drift over time 

 

Because hydrogen has a small molecular weight and high diffusivity, indirect approaches are 

especially vulnerable to bias. 
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Validation Requirements 

Any indirect hydrogen measurement approach must be validated against: 

• representative operating conditions 

• direct hydrogen measurement technology 

• full composition variation scenarios 

• pressure and temperature transients 

Validation must include: 

• startup 

• shutdown 

• upset conditions 

• normal operation 

Without rigorous validation, indirect measurements can provide false confidence. 

 

Typical Applications 

• Process modeling and simulation 

• Mass balance estimation 

• Trend correlation in stable systems 

• Secondary or advisory indicators 

 

Indirect methods are not suitable for: 

• safety interlocks 

• explosive atmosphere protection 

• low-ppm hydrogen detection 

• regulatory compliance measurement 

Engineering Guidance 

Indirect hydrogen measurement should only be used when: 

• gas composition is stable and well characterized 

• operating conditions are tightly controlled 

• a direct measurement is available for validation 

• the measurement is advisory, not safety-critical 

They should never replace direct hydrogen analyzers in applications involving: 

• personnel safety 

• explosion risk 

• process protection 

• contractual quality 

 

Summary 

Indirect and multi-component hydrogen measurement methods can provide supplementary 

information under controlled conditions, but they are inherently sensitive to process 

variability. 

Because changes in gas composition, pressure, or temperature can introduce significant 

bias, indirect hydrogen measurement must always be validated against representative 

operating conditions. 

Indirect methods should be treated as supporting tools, not primary hydrogen measurement 

solutions. 

9. Dissolved Hydrogen Measurement  

Dissolved hydrogen measurement is required in applications where hydrogen is present in 

liquid phase, most commonly in: 
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 electrolysis water loops 

 cooling and condenser systems 

 power generation and turbine protection 

 boiler feedwater monitoring 

Because hydrogen has very high diffusivity and permeability, dissolved hydrogen 

measurement presents unique challenges compared to gas-phase analysis. Sensor selection, 

installation, and material compatibility are critical to obtaining reliable data. 

Measurement Principle 

Dissolved hydrogen is measured by detecting hydrogen that has permeated through a 

membrane or optical interface from the liquid phase. 

Two primary measurement approaches are used: 

• electrochemical sensing 

• optical (luminescence-based) sensing 

Both methods rely on controlled mass transfer of hydrogen from the liquid to the sensing 

element. 

 

Figure 21- Dissolved Hydrogen Measurement 

 

Electrochemical Dissolved Hydrogen Sensors 

Principle 
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• Hydrogen diffuses through a membrane 

• Electrochemical oxidation generates a current proportional to concentration 

Characteristics 

• Good sensitivity at low concentrations 

• Compact and widely available 

• Lower initial cost 

Limitations 

• Consumable membranes and electrodes 

• Drift over time 

• Sensitivity to flow rate and pressure 

• Requires frequent maintenance and calibration 

 

Electrochemical dissolved hydrogen sensors are typically used where: 

• short response time is required 

• maintenance access is available 

• long-term drift can be managed 

 

Optical Dissolved Hydrogen Sensors 

 

Principle 

• Hydrogen permeates to an optical sensing layer 

• Hydrogen alters luminescence or quenching behavior 

• Optical signal is correlated to dissolved hydrogen concentration 

 

Characteristics 

• No electrochemical consumption 

• Minimal drift 

• Reduced flow dependence 

• Long sensor lifetime 

• Stable calibration 

 

Limitations 

• Higher initial cost 

• Requires careful optical sealing 

• Slower response compared to some electrochemical designs 

 

Optical methods are increasingly preferred in: 

• continuous monitoring 

• low-maintenance installations 

• long-term electrolysis systems 

Installation Considerations 

Dissolved hydrogen measurement accuracy is strongly influenced by installation details: 

 

• Flow velocity across the sensor 

• Pressure stability 

• Temperature control 
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• Avoidance of gas bubble formation 

• Proper sensor orientation 

Hydrogen outgassing or bubble formation can cause: 

• falsely high readings 

• unstable signals 

• delayed response 

• Material Compatibility 

 

Because hydrogen readily permeates many materials: 

• elastomers 

• plastics 

• low-grade metals 

 

Sensor housings, seals, and wetted materials must be carefully selected to prevent: 

• signal loss 

• background diffusion 

• long-term drift 

Metallic housings and hydrogen-compatible polymers are strongly recommended. 

Typical Applications 

 Electrolyzer water circulation loops 

 Cooling water systems in hydrogen service 

 Generator stator cooling 

 Boiler feedwater monitoring 

 Power plant hydrogen protection systems 

Engineering Guidance 

For dissolved hydrogen measurement: 

• Optical sensors are generally preferred for long-term stability 

• Electrochemical sensors may be suitable for short-term or portable use 

• Flow, pressure, and temperature effects must be understood 

• Installation geometry matters as much as sensor technology 

Dissolved hydrogen measurement should be treated as a process-critical measurement, not 

an auxiliary indicator. 

Summary 

Dissolved hydrogen measurement plays a critical role in electrolysis, cooling, and power 

generation systems. Hydrogen’s high diffusivity demands careful sensor selection, material 

compatibility, and installation design. 

While both electrochemical and optical technologies are used, optical dissolved hydrogen 

sensors typically provide superior long-term stability, reduced maintenance, and lower 

sensitivity to flow variation, making them increasingly favored for continuous industrial 

applications. 
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10. Comparative Technology Selection   

Hydrogen measurement technology must be selected based on application context rather 

than sensor capability alone. Key decision factors include: 

 Required response time 

 Pressure capability 

 Diagnostic coverage 

 Failure behavior 

 Maintenance accessibility 

 Safety integrity requirements 

 

No single technology is optimal for all hydrogen applications. 

Example : Hydrogen analyzers for Electrolyzers 

 

Hydrogen Measurement Technologies for Electrolyzers — Engineering Comparison 

 

Electrolyzers operate in a uniquely demanding measurement environment. High hydrogen 

concentrations, rapid load changes, moisture-rich gas streams, and strict safety 

requirements place strong constraints on analyzer selection. 

 

No single measurement technology satisfies all electrolyzer needs. Effective designs combine 

multiple complementary technologies, each assigned to a clearly defined role: safety, 

control, quality, or diagnostics. 

Thermal Conductivity (TCD) 

 

Thermal conductivity detectors remain one of the most widely deployed hydrogen analyzers 

in electrolyzer systems. Their strength lies in simplicity and robustness, particularly where 

hydrogen concentration is high and background gas composition is stable. 

 

In electrolyzers, TCDs are well suited for: 

 product hydrogen purity monitoring 

 PSA or dryer outlet verification 

 steady-state performance tracking 

 

However, TCDs are inherently non-selective. Changes in background composition, moisture, 

or pressure can introduce bias. For this reason, TCDs should not be relied upon as 

standalone safety instruments in dynamic electrolyzer operation. 

 

Role in electrolyzers: 

Primary purity and yield monitoring in stable gas matrices. 

Electrochemical Hydrogen Sensors (Gas Phase) 

 

Electrochemical hydrogen sensors provide good low-ppm sensitivity and compact form 

factors. In electrolyzer facilities, they are most commonly used for cabinet monitoring, 

enclosure safety, or secondary protection layers. 
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Their limitations—sensor drift, consumable lifetime, temperature sensitivity, and humidity 

effects—restrict their use in continuous process measurement. They are best treated as 

supplementary safety indicators, not primary control instruments. 

 

Role in electrolyzers: 

Secondary safety detection and enclosure monitoring. 

Catalytic (Pellistor) Sensors 

 

Catalytic sensors detect hydrogen through heat generated by oxidation on a catalyst surface. 

Because oxygen is required for operation, these sensors are limited to ambient air 

monitoring and cannot be used in process gas streams or inert environments. 

 

In electrolyzer plants, pellistors are typically installed for: 

 area leak detection 

 building or skid-level safety monitoring 

 

They are unsuitable for hydrogen process measurement or purity control. 

 

Role in electrolyzers: 

Ambient area safety only. 

Tunable Diode Laser Absorption Spectroscopy (TDLAS) 

 

TDLAS is one of the most powerful hydrogen measurement technologies available for 

electrolyzer applications. Its non-contact, in-situ nature enables extremely fast response 

times with minimal process disturbance. 

 

TDLAS is particularly valuable for: 

 hydrogen header safety monitoring 

 purge and vent analysis 

 fast dynamic control 

 interlock and permissive functions 

 

Engineering success depends on proper optical path design, window protection, and 

condensation control. When these factors are addressed, TDLAS provides unmatched speed 

and diagnostic capability. 

 

Role in electrolyzers: 

Primary safety detection and fast process control. 

Mass Spectrometry (MS) 

 

Mass spectrometry offers unparalleled multi-component visibility and diagnostic depth. In 

electrolyzer systems, MS is used primarily for: 

 commissioning 

 performance diagnostics 

 impurity tracking 

 research and optimization 
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The need for vacuum systems, extractive sampling, and frequent maintenance makes MS 

unsuitable for frontline safety or control roles. 

 

Role in electrolyzers: 

Diagnostics and optimization support. 

Gas Chromatography (GC) 

 

Gas chromatography remains the reference method for hydrogen purity verification. Its 

strength lies in accuracy, repeatability, and traceability rather than speed. 

 

In electrolyzer applications, GC is typically used for: 

 product certification 

 contractual compliance 

 quality auditing 

 calibration reference for online analyzers 

 

Because measurement cycles occur over minutes, GC cannot support real-time control or 

safety functions. 

 

Role in electrolyzers: 

Quality assurance and reference measurement. 

Indirect and Model-Based Methods 

 

Indirect hydrogen measurement methods infer hydrogen concentration from bulk 

properties, mass balances, or multi-variable models. In electrolyzer systems, these 

approaches are highly sensitive to changes in pressure, temperature, and composition. 

 

Without continuous validation against direct measurement, indirect methods can provide 

misleading results. They should never be used for safety, purity certification, or interlocks. 

 

Role in electrolyzers: 

Advisory analytics only, with strict validation. 

Dissolved Hydrogen Measurement 

 

Electrolyzers introduce hydrogen not only into gas streams but also into liquid systems. 

Dissolved hydrogen measurement is critical in: 

 electrolyzer water loops 

 cooling systems 

 power electronics protection 

 

Both electrochemical and optical dissolved hydrogen sensors are used. Optical methods 

generally provide superior long-term stability, reduced maintenance, and lower sensitivity to 

flow effects. 

 

Role in electrolyzers: 

Water loop protection and long-term monitoring. 
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Integrated Measurement Philosophy for Electrolyzers 

 

Electrolyzer plants perform best when hydrogen measurement is treated as core 

infrastructure, not auxiliary instrumentation. 

 

A robust electrolyzer measurement architecture typically includes: 

 TDLAS for safety and fast response 

 TCD for hydrogen purity and yield 

 Optical dissolved hydrogen sensors for water loop protection 

 GC or MS as reference and diagnostic tools 

 

No single technology replaces the others. Each addresses a specific operational need. 

Engineering Conclusion 

 

Electrolyzers are not limited by hydrogen generation chemistry. They are limited by 

measurement speed, reliability, and clarity. 

 

Choosing the correct hydrogen measurement technologies—and assigning them appropriate 

roles—is essential for: 

 safe operation 

 high availability 

 regulatory compliance 

 long-term economic performance 

 

In electrolyzer systems, measurement architecture defines plant performance as much as 

the electrolyzer stack itself. 

Table 11- Hydrogen Measurement Technologies for Electrolyzers — Summary Table 

Technology Measurement 

Principle 

Typical 

Electrolyzer 

Location 

Strengths Key 

Limitations 

Recommended 

Role 

Thermal 

Conductivity 

(TCD) 

Bulk thermal 

conductivity 

difference 

H₂ product 

header, 

PSA/dryer 

outlet 

Robust, 

simple, no 

consumables 

Non-

selective, 

sensitive to 

background 

composition 

Hydrogen purity 

& yield 

monitoring 

Electrochemical 

(Gas Phase) 

Electrochemical 

oxidation 

current 

Cabinets, 

enclosures 

Good low-

ppm 

sensitivity, 

compact 

Drift, limited 

lifetime, 

humidity 

sensitivity 

Secondary 

safety detection 

Catalytic 

(Pellistor) 

Heat from 

catalytic 

oxidation 

Ambient air / 

area 

monitoring 

Proven LEL 

detection 

Requires 

oxygen, 

catalyst 

poisoning, 

no inert 

service 

Area safety only 
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TDLAS (Laser 

Absorption) 

Optical 

absorption at H₂ 

wavelength 

H₂ headers, 

vents, purge 

lines 

Fastest 

response, in-

situ, 

selective 

Optical 

fouling, 

alignment 

requirement

s 

Primary safety 

& fast control 

Mass 

Spectrometry 

(MS) 

Ionization & 

mass-to-charge 

separation 

Diagnostic 

skids, labs 

Multi-

component 

visibility, 

high 

sensitivity 

Vacuum 

systems, 

maintenance

, complexity 

Diagnostics & 

optimization 

Gas 

Chromatograph

y (GC) 

Physical 

separation + 

detector 

Product QA, 

certification 

points 

High 

accuracy, 

traceability 

Minutes-long 

cycle time, 

extractive 

Quality 

assurance & 

reference 

Indirect / 

Model-Based 

Inferred from 

bulk 

properties/mod

els 

Advisory 

analytics 

No dedicated 

sensor 

hardware 

Highly 

sensitive to 

process 

variation 

Advisory only 

(not safety) 

Dissolved H₂ – 

Electrochemical 

Membrane 

diffusion + 

electrochemistr

y 

Water loops Sensitive, 

compact 

Drift, flow 

dependence, 

maintenance 

Short-term 

liquid 

monitoring 

Dissolved H₂ – 

Optical 

Optical 

quenching/lumi

nescence 

Water loops Stable, low 

maintenance

, flow-

independent 

Higher initial 

cost 

Long-term 

water loop 

protection 

 

Engineering Interpretation 

 No single technology covers all electrolyzer needs 

 TDLAS + TCD form the core of most modern electrolyzer gas-phase measurement 

architectures 

 Optical dissolved H₂ is increasingly preferred for liquid systems 

 GC and MS remain reference and diagnostic tools 

 Indirect methods should never be used for safety or compliance 

 

11. Safety Integrity and Failure Modes  

Hydrogen analyzers used in safety-related functions must be evaluated as safety 

instruments, not merely as measurement devices. Their contribution to risk reduction 

depends not only on analytical performance, but on predictable behavior under fault 

conditions. 

 

For hydrogen safety applications, the analyzer is often part of a Safety Instrumented 

Function (SIF). As such, it must be assessed for its ability to reliably detect hazardous 

conditions and respond appropriately when faults occur. 

11.1 Dangerous Failure Rate 
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A dangerous failure is a failure that prevents the analyzer from detecting a hazardous 

hydrogen condition while appearing to operate normally. 

 

Examples include: 

• sensor drift without alarm 

• signal bias caused by contamination or fouling 

• blocked sampling lines producing false low readings 

• degraded optics with compensated output 

• membrane leakage in electrochemical sensors 

 

Dangerous failure rate is a key parameter in determining the risk reduction capability of the 

analyzer within a SIF. 

 

For hydrogen analyzers: 

• failures tend to be measurement-bias related, not total loss 

• many dangerous failures are gradual rather than abrupt 

• self-diagnostics are essential to detect latent faults 

11.2 Diagnostic Coverage 

 

Diagnostic coverage describes the percentage of internal failures that are automatically 

detected and brought to a safe state. 

 

Typical diagnostic mechanisms include: 

• sensor signal plausibility checks 

• optical signal strength monitoring 

• reference channel comparison 

• flow and pressure verification 

• watchdog timers and internal self-tests 

 

High diagnostic coverage reduces the probability that a dangerous failure remains 

undetected. 

 

Key considerations: 

• diagnostics must act on measurement validity, not just electronics health 

• diagnostics should force a safe output state 

• alarm handling must clearly distinguish diagnostic faults from process conditions 

11.3 Proof-Test Interval 

 

Proof testing is the periodic manual verification that the analyzer and associated sampling 

system perform as intended. 

 

Proof tests typically include: 

• application of certified calibration gas 

• verification of response time 

• validation of alarm and trip setpoints 

• inspection of sampling hardware 

• confirmation of fail-safe behavior 
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The proof-test interval directly influences the average probability of failure on demand 

(PFDavg). 

 

Engineering guidance: 

• shorter proof-test intervals reduce risk but increase operational burden 

• test procedures must detect real failure modes, not just electrical continuity 

• proof tests should include sampling path verification, not only sensor response 

11.4 Common Cause Failure 

 

Common cause failures occur when multiple safety elements fail simultaneously due to a 

shared vulnerability. 

 

Examples in hydrogen analyzer systems include: 

• shared sample lines or filters 

• common power supplies 

• identical sensor technology exposed to the same process condition 

• software or firmware commonality 

• shared environmental stress (heat, vibration, contamination) 

 

Common cause failures can defeat redundancy if not properly addressed. 

 

Mitigation strategies include: 

• diversity in sensor technology 

• independent sampling paths 

• physical separation of components 

• independent power and signal routing 

• environmental protection 

11.5 Technology-Specific Failure Characteristics 

 

Different hydrogen measurement technologies exhibit different dominant failure modes: 

 

• TCD — bias due to background composition change, contamination 

• Electrochemical — drift, membrane depletion, poisoning 

• Catalytic (pellistor) — catalyst poisoning, oxygen starvation 

• TDLAS — window fouling, optical misalignment, signal attenuation 

• GC / MS — sampling and valve failures, calibration drift 

• Indirect methods — model invalidation under process variation 

 

Understanding these failure mechanisms is essential when assigning analyzers to safety 

roles. 

11.6 Safety Role Assignment 

 

Not all analyzers are suitable for all safety roles. 

 

As a general rule: 

• primary safety detection requires fast response and high diagnostic coverage 

• secondary detection may tolerate slower response 

• advisory measurements must not be credited for risk reduction 
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Safety integrity is achieved through architecture, not individual devices. 

Summary 

 

Hydrogen analyzer safety integrity is defined by how the system behaves when something 

goes wrong, not when everything operates perfectly. 

 

Evaluating hydrogen analyzers for: 

• dangerous failure rate 

• diagnostic coverage 

• proof-test interval 

• common cause failure 

 

is essential for safe and compliant hydrogen system design. 

 

In safety-critical applications, analyzers must be treated as protective devices, with 

documented failure modes, validation procedures, and lifecycle management equal to any 

other safety instrument. 

 

Fail-low behavior is often dangerous in hydrogen service, as undetected hydrogen presence 

can lead to explosive conditions. Analyzer diagnostics, redundancy, and defined safe-state 

behavior are essential elements of safety integrity. 

12. Commissioning, Calibration and Proof Testing   

A significant percentage of hydrogen measurement failures originate during commissioning, 

not during normal operation. Improper installation, incorrect calibration practice, and 

incomplete loop testing can leave a system apparently functional but unsafe. 

 

For hydrogen analyzers assigned to safety or control functions, commissioning and proof 

testing must validate the entire measurement loop, not just the sensor element. 

12.1 Commissioning Risks 

 

Common commissioning-related issues include: 

 

• sample line leaks introducing dilution or air ingress 

• incorrect calibration gas composition 

• calibration performed at non-representative pressure 

• improper purge or inerting procedures 

• incomplete warm-up or stabilization 

• incorrect signal scaling or units 

• bypassed or disabled diagnostics 

 

Hydrogen analyzers frequently fail silently when these errors occur, producing plausible but 

incorrect values. 

 

Commissioning must therefore be treated as a critical safety activity, not a routine startup 

task. 
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12.2 Calibration Practices 

 

Calibration establishes the relationship between sensor output and hydrogen concentration. 

For hydrogen service, calibration must reflect actual operating conditions. 

 

Key principles: 

 

• calibration gas must match the background gas matrix 

• pressure during calibration must match operating pressure 

• temperature effects must be considered 

• flow rate must be representative 

• zero gas must be verified, not assumed 

 

Calibration performed at ambient pressure for a high-pressure hydrogen stream is a 

common source of hidden bias. 

 

For safety-related analyzers, calibration must be: 

• traceable 

• documented 

• repeatable 

12.3 Pressure and Matrix Effects 

 

Hydrogen measurement technologies respond differently to pressure and background gas 

composition. 

 

Typical failure modes include: 

• correct response at calibration conditions 

• incorrect response at operating conditions 

• slow recovery after pressure transients 

Commissioning must explicitly verify analyzer performance across: 

• normal operating pressure 

• minimum and maximum expected pressure 

• representative gas composition 

 

Failure to do so can invalidate the analyzer’s safety role. 

12.4 Proof Testing Philosophy 

 

Proof testing verifies that the analyzer detects hazardous hydrogen conditions and that the 

system responds as designed. 

 

A valid proof test must demonstrate: 

• sensor response to hydrogen 

• correct alarm or trip activation 

• diagnostic detection of faults 

• correct fail-safe behavior 

• signal transmission to control and safety systems 

 

Electrical simulation alone is insufficient. 
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12.5 Proof Test Scope 

 

Proof testing must include: 

 

• the sensing element 

• sampling system 

• conditioning components 

• signal processing 

• diagnostics 

• output to the control or safety system 

 

Partial testing leaves hidden failure modes undetected. 

 

Proof tests should be designed to expose: 

• blocked sample lines 

• fouled filters 

• drifted sensors 

• failed diagnostics 

• incorrect alarm logic 

12.6 Proof Test Interval 

 

The proof-test interval directly affects residual risk. 

 

Engineering considerations include: 

• analyzer technology 

• environmental severity 

• diagnostic coverage 

• historical failure data 

 

Shorter intervals reduce risk but increase operational burden. Longer intervals require 

higher diagnostic coverage. 

12.7 Documentation and Change Control 

 

All commissioning, calibration, and proof testing activities must be documented. 

 

Records should include: 

• test conditions 

• gas compositions 

• pressures and temperatures 

• response times 

• pass/fail criteria 

 

Any change to: 

• calibration gas 

• operating pressure 

• analyzer location 

• sampling hardware 
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requires revalidation. 

Summary 

Hydrogen measurement systems rarely fail because of sensor physics. They fail because of 

poor commissioning, incorrect calibration, or incomplete proof testing. 

 

Commissioning must verify: 

• measurement accuracy under real conditions 

• diagnostic effectiveness 

• correct safety response 

Proof testing must demonstrate that the entire measurement loop, not just the analyzer, 

performs its intended protective function. 

In hydrogen service, commissioning and proof testing are risk-reduction activities, not 

administrative steps. 

13. Hydrogen Measurement in Safety-Critical Applications   

Hydrogen measurement is frequently embedded in safety-critical functions, where failure to 

detect hazardous conditions can lead directly to fire, explosion, or equipment damage. In 

these applications, the analyzer is not an indicator—it is part of the protective layer. 

 

Typical safety-critical roles include: 

• Safety Instrumented Functions (SIFs) 

• inerting verification 

• purge validation 

• electrolyzer protection 

• startup and shutdown permissives 

 

In such applications, hydrogen analyzers must be selected, installed, and validated as safety 

devices, not analytical conveniences. 

13.1 Role of Hydrogen Measurement in Safety Functions 

 

Hydrogen analyzers are commonly used to: 

• confirm oxygen-free conditions before hydrogen introduction 

• detect hydrogen accumulation in confined volumes 

• verify purge effectiveness before energizing equipment 

• trigger shutdowns or isolation during abnormal operation 

• prevent formation of flammable or explosive mixtures 

 

These functions are often binary in nature—safe or unsafe—and require predictable, 

deterministic behavior. 

13.2 Safety Instrumented Functions (SIFs) 

 

When hydrogen measurement is part of a SIF, it contributes directly to risk reduction. 

 

Key characteristics of such applications: 

• defined safety action (alarm, trip, inhibit) 

• defined response time 
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• defined safe state 

• defined failure behavior 

 

The analyzer must meet the Safety Requirement Specification (SRS) for: 

• response time 

• accuracy under operating conditions 

• diagnostic behavior 

• proof-test capability 

 

Measurement uncertainty or slow response cannot be compensated by logic alone. 

13.3 Inerting and Purge Verification 

 

Inerting and purge verification are among the most safety-critical hydrogen measurement 

applications. 

 

Common use cases include: 

• vessel inerting prior to hydrogen admission 

• purge confirmation during startup and shutdown 

• verification of oxygen displacement 

• confirmation of hydrogen removal 

 

In these roles, the analyzer determines whether the system is allowed to proceed. 

 

Critical requirements include: 

• fast response 

• high reliability 

• clear diagnostic indication 

• fail-safe behavior 

 

False “safe” indications represent one of the highest risk failure modes in hydrogen systems. 

13.4 Electrolyzer Protection Systems 

 

Electrolyzers rely heavily on hydrogen measurement for: 

• hydrogen purity verification 

• detection of cross-leakage 

• header safety monitoring 

• cabinet and enclosure protection 

• water loop protection 

 

In electrolyzer protection systems, hydrogen analyzers often interact directly with: 

• power supply interlocks 

• pressure relief systems 

• purge sequences 

• emergency shutdown logic 

 

Analyzer failure can therefore propagate rapidly into broader system risk. 

13.5 Analyzer Selection for Safety Applications 
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Analyzer selection for safety-critical hydrogen measurement must follow the SRS, not 

convenience or availability. 

 

Selection criteria include: 

• suitability for hazardous area classification 

• response time relative to hazard development 

• diagnostic coverage 

• resistance to known failure modes 

• maintainability and proof-testability 

 

Not all hydrogen measurement technologies are suitable for safety roles. Some are 

inherently diagnostic or advisory and must not be credited with risk reduction. 

13.6 Validation Through Hazard Analysis 

 

Hydrogen analyzers assigned to safety functions must be validated through: 

• Hazard and Operability Studies (HAZOP) 

• Layer of Protection Analysis (LOPA) 

• Functional Safety Assessment (where applicable) 

 

Validation must confirm: 

• analyzer placement is appropriate 

• detection occurs before hazard escalation 

• diagnostics detect credible failure modes 

• response time is adequate 

• proof testing is feasible 

 

Assumptions made during design must be explicitly tested during commissioning. 

13.7 Separation of Safety and Non-Safety Roles 

 

A common design error is using a single analyzer for both: 

• process optimization 

• safety protection 

 

This creates conflicting requirements. 

 

Best practice: 

• dedicate analyzers to safety roles 

• avoid shared sampling paths 

• avoid shared logic or power 

• maintain functional independence 

 

Safety integrity is achieved through architecture, not through individual device accuracy. 

Summary 

 

Hydrogen measurement in safety-critical applications must be treated as protective 

infrastructure, not analytical instrumentation. 

 

When hydrogen analyzers form part of: 
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• Safety Instrumented Functions 

• inerting and purge validation 

• electrolyzer protection systems 

 

their selection and implementation must follow the Safety Requirement Specification and 

be validated through structured hazard analysis. 

 

In hydrogen service, safety performance is determined not by how precisely hydrogen is 

measured under ideal conditions, but by how reliably hazardous conditions are detected 

when the process deviates from normal operation. 

 

14. Applications of Hydrogen Measurement  

Hydrogen measurement is required across a wide range of industrial and energy 

applications. While the underlying measurement technologies may be similar, application 

requirements differ significantly in terms of pressure, response time, reliability, and 

diagnostic expectations. 

 

Across all applications, successful hydrogen measurement depends less on nominal accuracy 

and more on: 

• pressure capability 

• response time 

• robustness to operating conditions 

• diagnostic transparency 

14.1 Water Electrolysis Systems 

Hydrogen measurement plays a central role in water electrolysis systems, including: 

• Proton Exchange Membrane (PEM) electrolysis 

• Alkaline electrolysis 

• Solid Oxide Electrolysis (SOEC) 

 

Key measurement objectives include: 

• hydrogen purity verification 

• detection of cross-contamination 

• header and vent safety monitoring 

• cabinet and enclosure protection 

• dissolved hydrogen monitoring in water loops 

 

Electrolyzers operate under dynamic load conditions, high moisture content, and varying 

pressure. Hydrogen analyzers in these systems must tolerate rapid transients and provide 

fast, reliable feedback to both control and safety systems. 

14.2 Hydrogen Compression and Storage 

 

Compression and storage systems introduce additional mechanical and safety challenges. 

 

Hydrogen measurement is used to: 

• detect leaks during compression 

• monitor purity before storage 
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• protect compressors and seals 

• verify inerting prior to pressurization 

• monitor vent and relief systems 

 

High pressure capability and material compatibility are critical. Measurement devices must 

withstand pressure cycling, vibration, and temperature changes without introducing leak 

paths or signal bias. 

14.3 Pipelines and Distribution Networks 

 

Hydrogen pipelines and distribution networks require measurement for: 

• quality verification 

• leak detection 

• blending control 

• custody and accountability 

• safety monitoring along the network 

 

In these applications, analyzers must operate reliably over long periods with minimal 

maintenance. Measurement bias or drift can propagate over large distances and affect 

downstream users. 

 

Response time and diagnostic transparency are particularly important where hydrogen is 

blended into existing gas infrastructure. 

14.4 Refineries and Chemical Plants 

 

Refineries and chemical plants use hydrogen extensively as a feedstock, reagent, and utility 

gas. 

 

Hydrogen measurement supports: 

• reactor feed control 

• recycle loop optimization 

• purge and vent monitoring 

• loss reduction 

• explosion prevention 

 

These environments often involve complex gas matrices, contaminants, and harsh operating 

conditions. Analyzer selection must account for cross-sensitivity, fouling risk, and long-term 

stability. 

 

Measurement systems in refineries are typically integrated into layered protection 

architectures, where reliability and predictability are paramount. 

14.5 Fuel Cells and Mobility Applications 

 

Fuel cells and hydrogen mobility applications place stringent requirements on hydrogen 

quality and safety. 

 

Measurement objectives include: 

• purity verification 

• detection of trace contaminants 
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• leak detection in confined volumes 

• system startup and shutdown protection 

 

In mobility applications, analyzers must be compact, fast, and highly reliable. Measurement 

failures can lead directly to equipment damage or loss of availability. 

 

In stationary fuel cell systems, long-term stability and minimal maintenance are often 

prioritized over absolute response speed. 

14.6 Cross-Application Design Considerations 

 

Despite differing operating environments, hydrogen measurement applications share 

common design drivers: 

 

• pressure capability must match real operating conditions 

• response time must be faster than hazard development 

• diagnostics must clearly indicate loss of measurement validity 

• analyzers must behave predictably under fault conditions 

• maintenance and proof testing must be feasible 

 

Application-specific optimization should not compromise fundamental safety principles. 

Summary 

Hydrogen measurement is a foundational requirement across electrolyzers, storage systems, 

pipelines, refineries, and fuel cell applications. While operating conditions vary, the decisive 

factors remain consistent. 

Across all hydrogen applications: 

• pressure capability 

• response time 

• diagnostic transparency 

 

determine whether a measurement system contributes meaningfully to safety, 

performance, and reliability. 

Effective hydrogen measurement architecture is therefore application-specific, but always 

guided by the same principle: 

If hazardous conditions cannot be detected quickly and reliably, the measurement is not 

fit for purpose. 

15. Summary and Engineering Takeaways   

System integrity principles • common failure causes • practical rules of thumb 

Hydrogen measurement is often treated as an instrumentation detail. 

In reality, it is an enabling discipline. 

When hydrogen measurement works, plants operate safely, efficiently, and predictably. 

When it fails, the consequences are rarely minor. 

Trips occur. 

Quality is lost. 

Operators lose confidence. 

And in the worst cases, safety barriers disappear without warning. 
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After decades of industrial experience across electrolysis, fuel cells, pipelines, and 

petrochemical facilities, one conclusion appears repeatedly: 

Hydrogen measurement success is determined far more by system integrity than by sensor 

technology. 

The sensor is rarely the weak link. 

The system around it is. 

 

Core System Integrity Principles 

These principles apply regardless of technology, application, or industry. 

Treat the analyzer as part of the process, not as an accessory 

Measurement is not a bolt-on device. 

It is a process interface and must be engineered with the same rigor as pumps, valves, and 

vessels. 

Keep the process boundary closed whenever possible 

Every sample tap, fitting, and vent is a potential leak path. 

If measurement can be achieved in-situ, avoid extraction. 

Fewer penetrations mean: 

• lower risk 

• lower cost 

• faster response 

• simpler maintenance 

 

Minimize dead volume 

Dead volume creates slow response and “memory effects.” 

In hydrogen service, delay hides real conditions. 

Short lines and small volumes almost always outperform complex systems. 

 

Design for response time first 

Fast and reliable beats perfectly accurate but slow. 

For safety and control, seconds matter more than ppm. 

 

Assume hydrogen will find every weakness 

Hydrogen leaks where other gases do not. 

Permeates seals. 

Escapes through fittings that appear tight. 

Leak integrity is not optional — it is foundational. 

 

Engineer for maintenance 

If the analyzer cannot be calibrated or serviced easily, it will not be maintained correctly. 

Good design makes the right behavior easy. 

Poor design guarantees shortcuts. 

 

Most Common Field Failures 

Across installations, the same problems appear again and again. 

Rarely sensor faults. 
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Mostly preventable engineering issues. 

 

Sampling problems 

• long tubing runs 

• large internal volumes 

• regulators far from the analyzer 

• condensation in low points 

• poor purging 

• contaminated filters 

Symptoms: 

• slow response 

• drifting readings 

• unexplained lag 

• inconsistent calibration 

 

Leakage and ingress 

• loose compression fittings 

• permeable seals 

• air ingress during shutdown 

• undetected micro-leaks 

Symptoms: 

• false low hydrogen readings 

• unstable baseline 

• oxygen appearing “mysteriously” 

• safety systems not triggering 

 

Installation mistakes 

• analyzer too far from process 

• mounted in high vibration or heat 

• poor vent routing 

• inaccessible for service 

• incorrect hazardous area practices 

Symptoms: 

• frequent downtime 

• unsafe maintenance 

• nuisance alarms 

 

Integration issues 

• alarms not defined 

• analyzer fault treated as valid signal 

• no quality flags 

• unclear fail-safe behavior 

 

Symptoms: 

• operators ignore alarms 
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• unsafe operation during analyzer failure 

• control instability 

 

In almost every case, these failures were predictable and avoidable at the design stage. 

 

Practical Rules of Thumb 

Simple guidelines that consistently produce reliable hydrogen measurement. 

Sampling & piping 

• Keep lines as short as physically possible 

• Minimize fittings 

• Avoid dead legs 

• Regulator near the analyzer 

• Heat trace if condensation is possible 

• Leak test with helium, not only pressure 

Measurement architecture 

• Prefer in-situ for fast or safety-critical applications 

• Use extractive only when conditioning or multi-component analysis is necessary 

• Account for transport delay explicitly in control design 

Analyzer selection 

• Specify response time (T90), not “fast” 

• Specify repeatability separately from accuracy 

• Define failure behavior (fail-high or fail-low) 

• Require diagnostics and health signals 

• Match materials to chemistry, not assumptions 

Installation 

• Easy access for calibration and service 

• Safe vent routing 

• Purge capability 

• Block-and-bleed isolation 

• Proper hazardous area compliance 

PAS / SIS integration 

• Classify signals: control vs safety 

• Pass analyzer health and quality flags 

• Define behavior during analyzer fault 

• Never rely on a measurement without diagnostics 

Commissioning 

• Helium leak test entire system 

• Verify response time with a real gas step 

• Validate alarm and trip logic 

• Confirm purge volumes 

• Check calibration gases and scaling 

Technology Perspective 

No hydrogen measurement technology is universally best. 

Each has strengths and limits. 



P a g e  | 78 

 

 

What matters most is matching the technology to: 

• response time requirement 

• pressure and temperature 

• gas composition 

• maintenance capability 

• safety integrity needs 

A well-installed “simple” technology often outperforms an advanced technology installed 

poorly. 

System design beats sophistication. 

Every time. 

 

The Big Picture 

As hydrogen systems scale — higher pressures, larger plants, tighter safety expectations — 

measurement integrity becomes increasingly important. 

Hydrogen measurement is no longer: 

a lab instrument 

or 

a compliance checkbox 

It is: 

a control input 

a safety barrier 

a protection layer 

a reliability enabler 

In many facilities, the analyzer is the first indication that something is wrong. 

Sometimes it is the last barrier before an incident. 

That responsibility requires engineering discipline. 

 

Final Takeaway 

If you remember only one idea from this handbook, it should be this: 

Hydrogen measurement is a system engineering problem. 

Design the whole chain correctly — sampling, installation, analyzer, and integration — and 

most problems disappear. 

Ignore the system and focus only on the sensor, and no technology will save you. 

Keep it tight. 

Keep it simple. 

Keep it fast. 

Keep it maintainable. 

And hydrogen measurement will work reliably for years. 

16. Glossary and Terms   

This glossary defines the key technical, measurement, safety, and system terms used 

throughout this handbook 

Definitions are written from an engineering and practical perspective rather than a purely 

academic one. 
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Accuracy 

Closeness of a measured value to the true or reference value. Important for compliance, 

reliability of results, and reporting. In most control applications, repeatability and stability 

are often more critical than absolute accuracy. 

Adsorption 

Attachment of gas molecules to internal solid surfaces such as tubing, fittings, or other 

components. Can delay, bias, or reduce hydrogen or impurity measurements, especially at 

low concentrations. Molecules are later released by desorption. To minimize measurement 

error, the adsorption and desorption rates should be as close to equilibrium (ratio ≈ 1) as 

possible. 

Analyzer 

Instrument that determines the physical properties or chemical composition of a substance. 

It is one element of the overall measurement system, not the complete system itself. 

One element of the overall measurement system, not the system itself. 

ATEX 

European directive defining and classifying safety requirements for equipment intended for 

use in explosive atmospheres. 

Background Gas 

All gases present in the mixture other than the target gas (e.g., hydrogen) being measured. 

May strongly influence the response of non-selective measurement technologies such as 

TCD. 

Block-and-Bleed 

Valve arrangement allowing safe isolation and depressurization of a sample system for 

maintenance. 

BTU (Heating Value) 

Measure of the energy content of a gas mixture. Often monitored or controlled indirectly 

through hydrogen concentration when hydrogen is present, as it significantly influences the 

overall heating value. 

Bypass (Maintenance Bypass) 

Temporary override allowing analyzer removal or servicing without process shutdown. 

Must be managed carefully in safety-related systems. 

Calibration 

Adjustment of an analyzer’s output to match known reference points, typically zero and 

span, using traceable calibration gases or solutions. 

Catalytic Sensor (LEL Sensor) 

Combustible gas detector based on catalytic oxidation. 

Requires oxygen; not suitable for pure hydrogen streams. 

Conditioning System 

System that brings the sample gas to conditions suitable for analysis by the analyzer. 

Includes components such as filters, regulators, dryers, and separators used to clean, 

control, and stabilize the sample before measurement. 

Containment 

Prevention of gas release to atmosphere. 

Primary safety objective in hydrogen measurement. 

Control Loop 

Feedback or feed-forward system using analyzer signals to automatically regulate process 

variables. 

Cross-Sensitivity 

Analyzer response to gases other than the intended target gas. 

Dead Volume 
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Internal volume within tubing, fittings, or valves that delays gas transport. Causes slower 

response time and can introduce memory effects in the measurement. 

Diagnostics 

Built-in functions that monitor analyzer performance and detect faults or abnormal 

operating conditions. 

DCS (Distributed Control System) 

Plant automation system receiving analyzer signals for monitoring and control. 

 

 

Drift 

Continuous change in analyzer output over time that is not related to the measured gas 

composition, typically caused by changes in analyzer sensitivity or internal components. 

Electrochemical Sensor 

Gas sensor based on chemical reactions at electrodes that generate a measurable electrical 

signal proportional to gas concentration. Often sensitive at ppm levels, but typically has 

limited lifetime and long-term stability. 

Extractive Measurement 

Measurement method in which gas is withdrawn from the process and transported to an 

external analyzer for analysis. 

Explosion-Proof (Ex d) 

Protection method in which the enclosure is designed to contain an internal explosion and 

prevent the ignition of the surrounding explosive atmosphere. 

Explosion Limits 

Concentration range of a gas in air within which combustion or explosion can occur. For 

hydrogen in air, the flammable range is approximately 4–75% by volume; certain mixtures 

with oxygen can become explosive within narrower ranges. 

Fail-High / Fail-Low 

Defined analyzer output behavior under fault or failure conditions. Critical for safety 

systems. 

 

Fail-high: output drives to a higher hydrogen indication. 

Fail-low: output drives to a lower hydrogen indication. 

 

Fail-low behavior can be hazardous in hydrogen detection applications, as it may mask the 

presence of gas and delay alarms or protective actions. 

Feed-Forward Control 

Control strategy that uses measured or predicted disturbances to adjust the process before 

deviations occur. Corrective action is applied in advance to maintain the desired setpoint 

and improve stability. 

Feedback Control 

Control strategy that uses the measured output to correct deviations after they occur. 

Adjustments are made based on prior results to return the process to the desired setpoint. 

Flammability Range 

Concentration range where hydrogen-air mixtures can ignite. 

Hydrogen has a wide flammability range (~4–75%). 

Flow Cell 

Analyzer chamber through which the sample gas flows and passes over the sensing element 

for measurement. 

Gas Chromatography (GC) 

Analytical technique that separates a gas or liquid mixture into individual components based 

on their different adsorption and desorption behavior inside a separation column. Each 
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component is detected and quantified according to its concentration. Provides highly 

selective and accurate multi-species measurement, but is relatively slow (typically minutes 

per cycle) and requires higher operating and maintenance costs due to carrier gases and 

consumables. 

Grounding / Bonding 

Electrical connection practices used to prevent the accumulation of static electricity and to 

safely dissipate fault currents, reducing the risk of sparks, ignition, or other hazards in 

hazardous areas. 

 

Hazardous Area (Zone/Division) 

Area classified due to the potential presence of flammable gases or vapors in the 

environment. The classification determines the equipment design, protection methods, and 

installation requirements permitted in that area. 

Helium Leak Test 

Technique used to detect very small leaks in gas systems with high sensitivity, helping 

ensure system integrity, safety, and containment. 

Hy-SAM (Hybrid Sampling Adapter) 

Multi-cylinder sampling manifold designed to reduce contamination and improve trace 

impurity capture. 

Hydrogen Crossover 

Migration of hydrogen into the oxygen stream (or oxygen into the hydrogen stream), 

creating contamination and potential explosive risk, particularly in electrolyzers and gas 

separation systems. 

IECEx 

International certification system for equipment used in explosive atmospheres. 

In-situ Measurement 

Measurement performed directly inside the process stream, pipe, or vessel without 

extracting or transporting a sample. 

Integrity (System Integrity) 

Combined reliability, containment, and correctness of the full measurement system. 

Intrinsic Safety (IS) 

Protection technique limiting electrical energy to prevent ignition. 

LEL (Lower Explosive Limit) 

Minimum concentration of hydrogen in air or oxygen at which the mixture can ignite and 

form an explosion when exposed to an ignition source. 

Lifecycle Cost (OPEX + CAPEX) 

Total ownership cost including installation, maintenance, and downtime. 

Mass Spectrometry (MS) 

Multi-component measurement technique that identifies and quantifies gases based on 

their mass-to-charge ratios. Offers high sensitivity and broad analytical capability, but 

involves higher complexity, cost, and maintenance. 

Memory Effect 

Delayed release of previously adsorbed gas, causing slow measurement recovery. 

MetroHyVe 

European metrology project focused on hydrogen measurement and fuel quality sampling 

methods. 

PAS (Process Automation and Safety) 

Combined architecture of control and safety systems. 

Partial Pressure 

Pressure contribution of hydrogen within the total pressure of a gas mixture, representing 

the pressure exerted by hydrogen independently of other gases. 
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Passivation 

Surface treatment reducing adsorption or chemical interaction with impurities. 

PED (Pressure Equipment Directive) 

European regulation governing pressure-rated equipment. 

Permeation 

Diffusion of hydrogen through materials, membranes, or seals over time, potentially leading 

to gradual leakage or loss of containment. 

Proof Test 

Periodic functional test performed to identify dangerous hidden failures and verify that 

safety-related measurement systems operate correctly and as intended. 

. 

Purge 

Flushing a line or system with inert gas to remove hydrogen or contaminants. 

 

Repeatability 

Ability to produce the same analytical result under identical conditions. Often more 

important than absolute accuracy for process control. Repeatability and accuracy are distinct 

performance characteristics. 

Response Time (T90) 

Time required for the analyzer to reach 90% of the final measured value after a step change 

in gas concentration. 

Resolution 

The smallest detectable change in an input signal that an instrument can reliably distinguish, 

representing its ability to separate closely adjacent measurements or peaks. 

Sample Line 

Tubing transporting gas from process to analyzer. 

Sampling System 

Complete hardware between the process and the analyzer that conditions and transports 

the sample so it can be safely and reliably measured. Includes components for sample 

extraction, transport, temperature and pressure control, filtration, and conditioning. 

SIL (Safety Integrity Level) 

Quantified level of risk reduction required for safety instrumented functions. 

SIS (Safety Instrumented System) 

Independent system performing protective shutdown or mitigation actions. 

Safety Instrumented Function (SIF) 

A specific safety function implemented using sensors, a logic solver, and final control 

elements to detect hazardous conditions and reduce process risk to a defined tolerable 

level. 

Sour Service 

Service conditions in which hydrogen sulfide (H₂S) and moisture are present. Requires 

special materials, corrosion control, and appropriate sample conditioning. The sampling 

system should be designed to safely remove or treat H₂S before the gas reaches the 

analyzer. 

Span Gas 

Calibration gas with a known hydrogen concentration, typically near the upper end of the 

measurement range, used to set and verify the analyzer’s span response. 

TCD (Thermal Conductivity Detector) 

Sensor that measures hydrogen concentration based on changes in thermal conductivity, 

detected as variations in electrical resistance of heated filaments or thermistors as the gas 

passes through. Robust and widely used for high-percentage hydrogen measurements. 

TDLAS (Tunable Diode Laser Absorption Spectroscopy) 



P a g e  | 83 

 

 

Highly selective, non-contact optical measurement technique that determines gas 

concentration by passing a narrow-band, tunable diode laser through a gas sample. The laser 

wavelength is tuned to specific absorption lines of the target gas. Provides fast response, 

high sensitivity, and strong diagnostic capability. 

Transport Delay 

Time required for the sample to travel from the process to the analyzer, introducing a delay 

between an actual process change and its measurement. 

Turndown Ratio 

Ratio between the maximum and minimum measurable concentrations over which the 

analyzer maintains the specified accuracy and performance. 

Vent Line 

Line routing sample exhaust gas to a safe location. 

Volume Fraction (% v/v) 

Ratio of the volume of hydrogen to the total gas volume. Commonly used to express 

hydrogen concentration in gas mixtures on a volumetric or molar basis. 

 

Wobbe Index 

Fuel interchangeability metric based on heating value and density. 

Strongly influenced by hydrogen concentration. 

Wet Basis / Dry Basis 

Method of expressing gas concentration depending on whether water or water vapor is 

included (wet basis) or excluded (dry basis) from the measurement. 

 

Final Note 

Terminology alone does not ensure safe hydrogen measurement. 

Clear definitions, combined with sound engineering practice, are what make measurement. 

 


