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WP4 objective and tasks

Objective

• The WP objective is to develop 
the capabilities needed to 
support the measurement of 
leaks from the decarbonised gas 
grid for safety and for reporting 
emissions 

Tasks

• Task 4.1 – Hydrogen leak detection 

• Task 4.2 – Carbon dioxide leak 
detection from CCS infrastructure

• Task 4.3 – Metrology of pipeline 
monitoring

Delivery Team:

NPL, UNL, Enagas, PTB, TUBS, Air Liquide

Standardisation links 
• CEN TC 264 (Air quality – measurement methods) 
• CEN TC 234 (Gas infrastructure – reporting / framework) 



Measurement Needs

• The WP is developing the capabilities needed to support 
the measurement of leaks from the decarbonised gas 
grid for safety and for reporting emissions 

• Understanding the performance of measurement 
technologies, developing the metrology infrastructure to 
support the future regulation of decarbonised grids

• Hydrogen and CO2 will both require leak detection and 
leak quantification in an analogous way to natural gas

• This will support environmental permitting, emissions 
measurement and reduction.

I asked an AI to 
generate a cartoon – for 
hydrogen pipeline leak 
detection



Stakeholder input

• Requirements for hydrogen leak detection

• Available instrumentation / current developments

• Needs for calibration / reference leaks for hydrogen

• Requirements for CO2 reporting

• Previous studies on pipeline leaks

• Mobile monitoring techniques in use

• Inputs to methods used for pipeline detection

• Industrial needs for monitoring



Task 4.1 - Objective

• Hydrogen leak detection
• To support industry to work safely with hydrogen and hydrogen-enriched 

natural gas networks through the development and application of leak 
detection equipment for use with hydrogen and hydrogen-enriched natural 
gas
• Assessment of the available technologies, 
• An assessment of the required metrology infrastructure to support the calibration 

and traceability of hydrogen detectors, 
• Development of suitable traceable refence hydrogen leaks providing industry with 

the metrology infrastructure to calibrate leak detection equipment. 
• Spectroscopic issues of measurement of hydrogen-enriched natural gas will be 

assessed. 
• Selected sensors will assessed in the laboratory, and then at the Enagas hydrogen 

leak facility.



Performance assessment test of H2/CH4 detectors for leak measurements 

H. Barros, H. Cheales, R. Harvey 

Part 1. Bench test at NPL
• Accurate mass flow controllers
• Certified gases
• Traceability
• Gas blending system
• Controlled conditions
• Safe & Safety
• Range up to 100% LEL
• Seven different sensor technologies tested



H2 Test in presence of CH4 (ratio 1:4)

Quantify H2 and CH4 correctly
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Performance assessment lab test of H2/CH4 detectors for leak measurements 

No tested

Work in low O2

> 10% LEL NA

> 10% LEL

> 10% LEL

High



Methane-hydrogen blends on site leak measurements.
Preliminary results

Enagas test bench

1

2 Open-ended line:

5 and 9 L/min

Flange: 1.5 L/min

NPL, UNL and Enagas test team 

Property of Enagás - The reproduction of this document is not permitted



Detection distance for methane-hydrogen blends
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Methane-hydrogen blend 20% H2 , 80% CH4 leak detection at 1 cm of the source 

Hard to discriminate between leak rates in the range 1 to 10 L/min
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Dual IR (CH4) - Electrochemical (H2) detector: Methane-hydrogen blends leak measurements.

y = 4.056x
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Actual sample dilution with ambient air variates due to flow pattern complexity, making difficult the leak rates quantification



Traceable reference leaks

“UNL will develop an improved traceable reference leak”

Three hydrogen reference leaks have been built and calibrated in a 

primary system, following method G of ISO 20486:2017

• Permeation leaks, with PTFE permeation elements

• Leak rates between 10-6 – 10-4 STP cm3/s (approx.) following the 

review done in A4.1.2.

12
3

Leak Reservoir 
pressure (bar g)

Leak rate (STP cm3/s) 
(@~23 ºC)

1 8,5 1,38 × 10-6

2 11,5 1,80 × 10-5

3 38,0 8,13 × 10-5

These reference leaks may be used as calibrators for commercial 

hydrogen concentration detectors.



Task 4.1 - Outputs

Key outputs from this work will be 

A guidance document on the use of currently available hydrogen detections instruments for leak detection, including 
guidance on quality control and calibration

Traceable leak calibration approach for leak detection instruments

Results from the lab and controlled release assessment on instrumentation 

Feed into future work on development of standardised methods (TC 264, EN 15446)



Task 4.1 – Further work

Further work is needed to:
• Understand the influence factors on the different hydrogen detection technologies from a wider range 

of factors. 
• Develop methods for sampling and the use of hydrogen leak detectors in the field, including 

quantification and feed into standardisation
• Assessment of direct quantification using high flow sampling approaches vs correlation factors
• Development of quality control and calibration approaches
• Extend the work to hydrogen quantification at source and site level

We have follow on work on hydrogen leak detection and quantification is proposed within the European 
Clean Hydrogen JU programme, within the European partnership on metrology Decarb II project and in 
nationally funded programmes.
These will be developing hydrogen measurement validation facilities (using controlled releases), methods 
for hydrogen LDAR and hydrogen leak quantification and site level hydrogen emission measurement.
Investigations are also underway on the use of distributed hydrogen sensors and on Raman spectroscopy 
for remote hydrogen detection.



Task 4.2 - Objective

• Carbon dioxide leak detection from CCS infrastructure

• Develop the metrology infrastructure to support the measurement of 
carbon dioxide leaks from CCS processes to meet the requirements of 
EU Emission Trading System (accuracy of ± 1.5 - 2.5 %). 
• Improved measurement capabilities able to monitor the behaviour of 

released carbon dioxide plumes

• Improved understanding of the capabilities of open path optical systems. 

• Spectroscopic issues of measurement of hydrogen-enriched natural gas will 
be assessed. 

• Objective to enable small changes of carbon dioxide in atmosphere.



Measurement of emissions of CO2

• We can assume the main sources will be similar in a CCUS system as in the 
gas system 
• Fugitive leaks from components/seals/etc

• LDAR programmes, optical gas imagining (OGI)

• Process related vents/releases
• Lower emission designs, OGI

• Maintenance and repair operations
• Engineering, design 



Task 4.2 - Progress

Work completed on the development and assessment of the NPL DIAL CO2 capability including field 
comparisons

Wrote up work as a paper which has been submitted

Currently writing guidelines on metrological requirement for traceable leak detection and quantification 
using optical remote sensing technologies based on spectroscopy



Monitoring of CO2
emissions using DIAL

N. Howes, F. Innocenti, A. Finlayson, C. 
Dimopoulos, T. Gardiner and R. Robinson 



DIAL measurement principle

DIAL - Differential Absorption LIDAR

• ‘LIDAR’ Laser Radar system, which can be targeted 
on specific gas emissions.

• Gives range-resolved concentration along optical 
path (Range  ~500 metres in IR, ~1 km in UV).

• Spatial resolution < 8 metres.

• Vertical scans enable plume mapping and emission 
calculation.

• Different wavelengths of light are used to measure 
different gases, e.g. Near-IR: (3.3-3.4 μm) -
methane, methane, VOCs (including general 
hydrocarbons) 

• Combine integrated concentration with wind field 
to give quantified emission rate.



Developing a measurement method for CO2

• As CO2 has a significant atmospheric concentration 
(~400 ppm, compared to ~2 ppm for methane), 
careful selection of absorption peaks is required.

• Too strong an absorption peak and the on-resonant 
energy will be absorbed by the atmosphere. Too 
weak and detection limit will be extremely high.

• NPL identified a potential region in the 2 µm range 
where interference from other species is minimal.



Validation of CO2 emissions measurements 
using DIAL

• In November 2022, NPL carried out a validation 
exercise at a Liquified Natural Gas storage and 
regasification site.

• CO2 emissions from the regasification plant process 
were measured simultaneously by NPL teams using 
DIAL and in-stack monitoring.



Validation of CO2 emissions measurements 
using DIAL

• During the campaign, CO2 emissions were 
measured downwind of seven active stacks 
simultaneously, as shown below. 

• An average emission rate measured from four 
scans was 42.2 ± 5.4 t/h with the reported 
uncertainty expanded to provide a 95% level of 
confidence. 

• Using data provided by the operator, it was 
possible to calculate a comparative emission rate 
of 40.3 t/h. This value is within the coverage 
interval of the DIAL measurement.



Validation of CO2 emissions measurements 
using DIAL

• The results from the DIAL measurements 
compare well with simultaneous in-stack 
measurements and suggest that any bias in the 
DIAL data is likely small.

• Moreover, using the definition outlined in EN
15267-3, a detection limit of 0.12 t/h was 
estimated for the 2 µm wavelength DIAL data. 

• This result is a three orders of magnitude 
improvement with respect to previous NPL DIAL 
measurements of CO2, made in the 1.5 µm 
wavelength region.



Task 4.2 - Outputs

Guidelines on metrological needs for traceable leak detection and quantification using optical remote sensing 
technologies based on spectroscopy. Focus on achieving detection of small changes above the background 
over pathlengths 

Paper on the DIAL CO2 measurements 
(submitted)



Task 4.2 – Further work

Further work will include better understanding of the uncertainties in CO2 emissions measurement, 
development of additional site and source level emissions measurement techniques such as tracer and 
optical gas imaging, and the measurement of emissions from CO2 storage including sub-sea storage.

Emissions of associated pollutants from the CCUS capture process will also need to be measured

These activities are being carried out in the EPM project MetCCUS

Further work on developing methods for nitrosamines in
national project



Task 4.3 - Objective

• Metrology for pipeline monitoring

• Develop capabilities and metrology infrastructure to support a 
significant advancement in the measurement of leaks from pipelines
• Initial work to detect methane as a key component of hydrogen-enriched 

natural gas and for biomethane 
• Assessment of leak scenarios
• Workshop (internal) on requirements for mobile monitoring
• Assessment of existing mobile monitoring methods and analysis approaches
• Development of a UAV based approach.
• Assessment of UAV approach at PTB test facility
• Produce industry guidelines on monitoring pipelines using mobile platforms



Measurement needs for pipeline monitoring 

For transmission network assets:

• Buried and above ground, ≥ 1 metre below ground level if buried, some 
related above ground process, e.g. compressors

• Sections on order of 10 – 100 kilometres in length

• Pressures ≤ 85 barg

• Pipework ≤ 1.2 metres diameter, typically metal

• Typically these are in non-urban environments, under fields

For distribution network assets:

• Typically buried ≤ 1 metre below surface, maybe above surface for short 
distances near point of use.

• Sections on order of 1 – 1000 metres in length

• Pressures ≤ 7 barg

• Pipework ≤ 0.3 metres diameter, metal and plastic

• Mostly urban environment, under roads and pavement

29



Mobile detection of  leaks

Standardised approaches that have been applied to this area:

• US EPA OTM 33A – mobile vehicular based concentration detection

• DVGW G501 – helicopter based remote sensing

• EN 17628 – some possibly applicable methods, but standard focussed 
on facilities

Non-standardised / In development approaches:

• Use of aircraft and UAVs to carry remote sensing payloads

• Vehicle based ethane:methane ratio or isotopic measurement 
instruments

• Satellites

• Handheld walkover concentration detectors

• Dogs

30



Development of  UAV based 
monitoring

• TUBS developed and tested a concept for UAV based 
emissions monitoring approach. 

• Multi-rotor carries a downward pointing Tuneable 
Diode Laser Instrument (loaned by NPL).

• Field tested in Poland on recent campaign measuring 
both a controlled release and coal mine ventilation 
emissions (Methane-Copter SToRCH project, Sven 
Bollmann ).

• This highlighted the practical challenges and tradeoffs
regarding instrument performance, UAV performance 
and endurance, weight of aircraft and payloads, 
sampling strategies.

• TU Braunschweig have drafted a paper covering the 
concept of use.



Specifications for performance 
and related test protocols for 
UAV methods

• Development of a document that lists key performance 
specifications of UAV based methods for detection of pipeline 
leaks.

• Considers the likely emissions propagation characteristics from 
near ground or buried pipelines

• Considers appropriate gas detection techniques given the use 
case (location of leaks, expected leak rate, industry 
requirements)

• Considers type of UAVs and their specifications, and associated 
flight envelopes /patterns available to use the currently available 
instruments 

• How these methods may be validated by conducting controlled 
gas releases.

• Formally due to complete in M25, left as draft to incorporate 
learnings from the measurement campaign (A4.3.7)



Measurement campaign

• A team from TU Braunschweig IFF
undertook UAV based field 
measurements at the PTB
Braunschweig baseline facility.

• Work took place throughout late 
September



Measurement campaign

• TUBS undertook field 
measurements at the PTB
Braunschweig baseline facility 
throughout late September.

• This utilised the ‘Mini Controlled 
Release Facility’ a calibrated 
thermal mass flow controller 
based system, loaned by NPL to 
PTB.

• Controlled releases of methane 
≥99.5% mol/mol, emission rates 
between 7 and 50 litres/min



Measurement campaign

• Crossing a linear source, orthogonally, at variable speeds. Example measurements from a flight 
at 17 m above ground, crossing a linear source with variable flight speeds (2, 1 and 0.5 m/s)



Task 4.3 - Outputs

Report on the role of mobile monitoring for pipeline leak detection for accurately quantifying leaks of 
carbon dioxide in CCS processes
Paper on the UAV approach
Performance test procedures for UAV techniques and use of controlled releases.
Feed UAV performance /testing technical specifications into standardisation activities (TC 264)



Task 4.3 – Further work

Further work will include better understanding of the performance and methods to deploy airborne 
techniques for pipeline monitoring. Also further work to develop validation capabilities and extend the 
work to address other gases such as CO2 and hydrogen pipeline emissions.

Assessment of hydrogen leak detection with hydrogen sensors

Additional work on mobile monitoring validation

These activities are being proposed to carry out in Decarb II and some work is also being proposed for 
METRONOME project which is focussing on methane measurement.



Conclusions

• Addressed 3 key areas related to leak detection in the decarbonised 
gas grid

• Reviewed current capabilities, extended understanding of 
instrumentation and developed new capabilities for DIAL and UAVs

• Developed guidelines and recommendations and feeding into future 
standardisation, particularly with measurement standards
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