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Scientific Objectives

WP 1: SI-traceable reference materials and working standards

WP 2: Field-deployable measurement methods 

WP 3: Sampling protocols

WP 4: Thermodynamic properties

Participants: BAM (DE), ČMI (CZ), INRIM (IT), PTB (DE), RISE (SE), SMÚ (SK), TÜBİTAK (TR), 
VSL (NL); DTU (DK), GERG (BE), GRTgaz (FR), HyCentA (AT), INiG (PL), ISSI (IT), KIWA (NL), 
NEL (UK), NOVA (PT), NPL (UK), POLITO (IT), RUB (DE), TUBS (DE), TU-Ch (DE), UVa (ES)
Budget: € 2 300 000 Duration: 36 months
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Need for the Project

Key idea:  BLENDING natural gas with hydrogen, biomethane, e-methane
“Low-carbon gases”

Development of an integrated comprehensive measurement structure: 

• quality (PRMs, working standards)
• field-deployable measurement methods, odorization
• sampling procedures and protocols
• characterization and modelling
• implementation along the supply chain
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Need for the Project

WP 1: to develop SI-traceable Primary Reference Materials (PRMs) for high 
amount fraction blends of hydrogen or including biomethane and e-
methane components with hydrogen 

WP 1: to offer field-deployable working standards and new reference materials 
for blends of hydrogen, biomethane and e-methane, along with trace 
impurities and novel odorants

WP 2: to provide field-deployable, robust, rapid, stable, traceable and accurate 
online measurement methods for leak detection, and odorisation and 
billing purposes, to use in future European decarbonised gas network 
with increasing and faster variability of compositions due to the 
increasing feed-in of hydrogen, biomethane and e-methane  
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Need for the Project

WP 3: to bring the currently non-existing sampling protocols for hydrogen / 
natural gas / biomethane / e-methane blends into existence, including 
robust studies for multiple impurities in different sampling vessels and on 
possible matrix effects

WP 4: to deploy an exhaustive comparison between the GERG 2008 EoS and new 
experimental thermodynamic data from hydrogen-enriched blends of 
biomethane / e-methane mixtures to assess the EoS performance and 
new measuring campaigns and improvement directions of the standard 

WP 5: to facilitate the take up of the technology and measurement 
infrastructure developed in the project by the measurement supply chain 
(accredited laboratories, instrument manufacturers), standards developing 
organisations and end users (e.g., hydrogen industry, gas network 
operators and suppliers). 5



Objectives WP 1 (NPL)

• To develop SI-traceable Primary Reference Materials (PRMs) for quantification of 
components within natural gas, hydrogen, e-methane and biomethane blends.

• To develop working standards (WSs) for dynamic gas generation systems suitable for 
measurements of natural gas / hydrogen blends (0–20 % H2), natural gas / biomethane 
/ e-methane blends (0–100 % CH4) and natural gas / hydrogen / biomethane / e-
methane blends (0–20 % H2, 0–100 % CH4). 

• The WSs should be field-deployable and contain sulfur-free odorants and relevant 
analytes, as specified within EN 16723-1, ISO 14687 and EN 16726.

• Stability tests of at least 1 year should be applied for both the PRMs and WSs.

• The relative target uncertainties for WSs are < 20 % and should be appropriate for the 
relevant documentary standard.
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Tasks in WP 1 (NPL)

1.1: Preparation of PRMs. PRMs will contain natural gas / hydrogen blends (0–20 % 
hydrogen), natural gas / biomethane / e-methane blends (0–100 % methane) and 
natural gas / hydrogen / biomethane / e-methane blends (0–20 % hydrogen, 0–
100 % methane).

PRMs will also contain novel sulfur (THT, ethyl mercaptan) and non-sulfur 
odorants (2-hexyne) and key impurities that are typically found in blends, 
particularly components that are likely to interfere with the calibration of 
equipment (e.g., components with known cross-sensitivities).

Cylinder choice will be reviewed to ensure that suitable passivation is used.

Participants: NPL, BAM, ČMI, SMÚ, TÜBİTAK, VSL
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Tasks in WP 1 (NPL)

1.2: Development of methods for the preparation of WSs.

The WSs should be field-deployable and contain relevant novel odorants 
and analytes as specified within EN 16726, EN 16723-1, ISO 14687 and CEN/TS 
17977.

The relative target uncertainties for WSs are from 1 % for existing capabilities and 
up to a maximum of 20 % for novel components or an appropriate uncertainty for 
the relevant documentary standard, whichever is lower. 

These WSs will be used in conjunction with the PRMs that were prepared in Task 
1.1 for WP 2 and WP 3 in both laboratory and field settings.

Participants: NPL, INRIM, VSL
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Tasks in WP 1 (NPL)

1.3: Validation of WSs developed in Task 1.2 using the PRMs prepared in Task 1.1. 

Dynamic gas generators will be used to produce calibration curves for matrix, 
trace and odorant components across the amount fraction ranges specified in 
Task 1.1 and PRMs will be used to validate these calibrations.

Where static WSs have been generated these can be directly compared with 
PRMs. 

Stability tests of at least 1 year should be applied for both the PRMs and WSs.

Participants: NPL, BAM, ČMI, INRIM, SMÚ, TÜBİTAK, VSL

Deliverable: Summary report on the development, validation and 12-month stability 
of static and dynamic RMs with relative expanded uncertainties ≤ 20 %
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Objectives WP 2 (GRTgaz)

• To develop field-deployable validated measurement methods for natural gas / 
hydrogen blends (0–20 % H2), natural gas / biomethane / e-methane blends (0–100 % 
CH4) and natural gas / hydrogen / biomethane / e-methane blends (0–20 % H2, 0–100 
% CH4), applicable to laboratory and industrial environments. 

• Developed methods should focus on the quantification of molecular hydrogen by new 
sensors or new detection methods, olfactometry testing of novel safety odorants 
including sulfur-free odorants and leak detection (building upon EN 15446).

• The relative target uncertainty of the methods to be developed should be < 20 % and 
appropriate for the analytes of emerging industry needs and relevant documentary 
standards, such as EN 16723-1, ISO 14687, EN 16726, EN/TS 17977, and OIML R140.
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Tasks in WP 2 (GRTgaz)

2.1: Development of methods (spectroscopy) for the measurement of the odorant 
contents in blends of hydrogen, biomethane, e-methane and natural gas. 

Improvement of methods for commonly used odorants, such as THT 
(tetrahydrothiophene) and ethyl mercaptan, and to develop novel methods for 
sulfur-free odorants, such as 2-hexyne, at pipeline conditions.

On-line and in-situ odorant measurements will be performed and the most 
appropriate control method for a specified mixture determined. 

Participants: DTU, VSL, NPL, INiG
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Tasks in WP 2 (GRTgaz)

2.2: Improving the reliability and to develop new capabilities for leak detection.

Development of evidence-based best-practice guides to apply the developed and 
characterized sensors in the field. 

In addition to ground-based measurements, airborne platforms are used for leak 
identification and estimation of leakage rates during release experiments. 

Analysis of leakage and composition monitoring through integration of 
thermodynamic modelling, advanced Machine Leaning (ML) models, and 
geographic information system (GIS). Suggestion of a new process for early 
detection of hydrogen leakage and location identification system (visualised) to 
quantify the leak rates and compositional changes in real-time. 

Participants: NPL, PTB, RISE, GERG, ISSI, KIWA, NEL, NOVA, TUBS
Deliverable: Good Practice Guide on leak detection methods
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Tasks in WP 2 (GRTgaz)

2.3: To develop, adapt, validate or qualify analytical methods (spectroscopy, GC) for 
the analysis of impurities and constituents in the targeted blends.

The targeted parameters are those mentioned in standards or technical 
specifications of interest (EN 16726, EN 16723-1, and EN/TS 17977 on quality of 
H2 used in rededicated gas systems) for purposes of conformity assessment, 
billing and parameters that are of interest to be monitored in the gas grid and that 
could be considered in future standards.

These methods will be applicable to laboratory and/or industrial environments.

Participants: BAM, PTB, VSL, DTU, GERG, GRTgaz, DTU, INRIM, ISSI, POLITO

Deliverable: Good Practice Guide on measurement methods for the content of minor 
components in blends
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Objectives WP 3 (RISE)

• To develop standardised sampling protocols appropriate for blends of natural gas with 
hydrogen (0–20 % H2), natural gas / biomethane / e-methane (0–100 % CH4) and 
natural gas / hydrogen / biomethane / e-methane blends (0–20 % H2, 0–100 % CH4).

• Sampling procedures should also take into account issues related to the determination
of the content of main components and trace components, as specified within ISO 
10715, EN 16723-1, ISO 14687 and EN 16726. 

• To demonstrate the accuracy of the developed protocols in both laboratory and 
industrial environments (e.g., biomethane, hydrogen production plants) via 
proficiency testing schemes.
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Tasks in WP 3 (RISE)

3.1: Material compatibility of sampling vessels with focus on multiple impurities 
present in the gas simultaneously. That is critical to keep the integrity of the 
sample and avoiding false-negatives (by loss of impurities, for example, through 
adsorption) or false-positives (for example, by reaction or from the previous 
sample). 

With a simultaneous presence of several impurities, there is a risk of interactions 
which would lead to false-negative. These interactions have been shown to be 
different for different vessels (19ENG04 MetroHyVe2).

The material compatibility for different vessels will be studied using multi-
component mixtures prepared in WP 1 and from mixtures prepared by the 
participants of this task.

Participants: ČMI, RISE, VSL, HyCentA, INiG, ISSI, KIWA, NPL

15



Tasks in WP 3 (RISE)

3.2: Matrix effects on sampled gas. 

Most of the stability studies performed in previous projects have been done in a 
pure gas (either H2 for 16ENG01 MetroHyVe or CH4 for ENG54 Metrology for 
biogas) but no tests have been performed for mixtures of those so far. 

Different concentrations of the impurities and different vessels will be addressed. 

Participants: ČMI, RISE, VSL, DTU, HyCentA, ISSI, NPL
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Tasks in WP 3 (RISE)

3.3: To develop a sampling protocol suitable for use in industrial environments 
detailing the sampling equipment, the suitability of materials used in a sampling 
system and recommendations on how the verification of the sampling system 
should be done.

Considerations regarding the conditions at a selected sampling point will also be 
included.

Sampling in cylinders, in bags, in liquid sorbents and on sorption tubes will be 
investigated. Cylinder choice will be reviewed to ensure that suitable passivation 
is used.

Participants: ČMI, RISE, DTU, HyCentA, INiG, ISSI, KIWA, NPL

Deliverable: Sampling Protocol for sampling blends (to be evaluated into a standard)
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Tasks in WP 3 (RISE)

3.4: To demonstrate the applicability of the developed protocol at industrial 
environments (e.g., biomethane and plants that operate with blends) via 
intercomparisons. The results of the intercomparison will then be used to 
improve the protocol developed in Task 3.3. 

Stakeholders will be consulted prior to the intercomparison. Minimum two 
locations (in different countries) will be selected.

Data will be processed following ISO 17043. 

Participants: RISE, GRTgaz, DTU, INiG, ISSI, KIWA

Deliverable: Report on the intercomparison of sampling techniques and protocols for 
blends
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Objectives WP 4 (UVa)

• To develop thermodynamic models for blends of natural gas / hydrogen, natural gas / 
biomethane / e-methane and natural gas / hydrogen / biomethane / e-methane. 

• To evaluate standard equations of state (EoS) by experimental datasets optimised for 
different hydrogen/natural gas blends (0–100 % H2).

• To assess the equations of state for different compositions, pressure and temperature 
operating conditions. 

• To assess gas networks at different hydrogen contents considering new models, data, 
and metrology infrastructure. 
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Tasks in WP 4 (UVa)

4.1: Identification of the potential problems of the existing Helmholtz energy-based 
EoS (mainly GERG-2008 and modifications) for the calculation of blends. Based on 
available experimental and additional literature data, it will be analysed which 
binary-specific functions need to be optimized in the future so that
experimental data of multicomponent systems can be reproduced within their 
measurement uncertainties. 

p, T, x ranges of binary mixtures are to be concluded from the findings, which 
have to be investigated experimentally for a future improvement of the models. 
Boundary conditions are to be identified for development of binary-specific 
functions. 

New thermodynamic modelling and data will be fed in a technoeconomic analysis 
of refurbished NG pipelines transporting blends. 

Participants: HyCentA, NEL, RUB
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Tasks in WP 4 (UVa)

4.2: Density ρ and speed of sound u for binary systems at p, T, x selected will be 
measured. These data will be compared with results from standard Helmholtz-
energy EoS, enabling the improvement of the EoS. 
Experimental data of gross calorific value of blends will also be collected and 
compared with the established models.

The speed of sound will be measured by a spherical acoustic resonator (Urel = 
0.03 % in binary mixtures). 

Density measurements will be performed using a magnetic-suspension coupling 
resonator (Urel = 0.02 to 0.06 % in binary mixtures). 

The gross calorific value GCV will be measured by a reference calorimeter.

Participants: INRIM, TÜBİTAK, TU-Ch, UVa
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Tasks in WP 4 (UVa)

4.3: Water vapour in real gas blends.
To convert from a quantity to another, the real gas behaviour must be accounted 
for. The required parameter is the water enhancement factor. In some key 
binary systems, such as water in hydrogen / methane and water in synthetic 
biomethane mixtures, the enhancement factor of water has never been properly 
measured and characterised with the required level of uncertainty over a wide 
range of conditions. 

The water enhancement factor relevant for the expected industrial applications 
will be determined and evaluated using a device for dynamic generation of humid 
gas.  

Participants: INRIM, NPL
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Tasks in WP 4 (UVa)

4.4: To provide relevant and accurate experimental VLE data able to describe the 
phase behaviour (vapour-liquid equilibrium, VLE), looking at binary systems 
relevant to blends from renewable sources and also relevant to real blends. 

Improved thermodynamic models that resort to relevant experimental data 
currently scarce in the literature will determine dew points more accurately, thus 
allowing the avoidance of multiphase flow and phase composition segregation. 

Participants: INRIM, TÜBİTAK, INiG, NPL, TU-Ch, UVa

Deliverable: Data set of densities, speeds of sound, gross calorific values, dew points 
and water enhancement factor values in selected gas mixtures and 
temperatures, pressures, composition ranges, including uncertainties
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Objectives WP 5 (GERG)

• To facilitate the take up of the technology and measurement infrastructure developed 
in the project by:

• the measurement supply chain (accredited laboratories, instrument manufacturers)

• standards developing organisations (ISO/TC197/WG27, ISO/TC193, CEN/TC408, 
CEN/TC264, CEN/TC234)

• end users (e.g., hydrogen industry, gas network operators and suppliers)
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Stakeholder input

To be collected …

… and very welcome
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