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Measurement Needs

Providing the basis for reliable measurements for hydrogen enriched natural gas; biomethane and pure hydrogen gas:
supplying reference materials
supplying proficiency testing of instrumentation
developing new online measurement methods to determine the amount of hydrogen in natural gas

ISO14687 (H2 purity and allowed impurities); EN16726 (H2 enriched natural gas for domestic use);
EN16723-1 (biomethane)

Providing the basis for reliable measurements for impurities in CO2 suitable for CCUS
Developing methods to quantify impurities in CO2

Gain knowledge to understand the difference in behaviour between mixtures that are 
fully gaseous and mixtures that are partially liquefied

ISO/TR27291.2020



Stakeholder input

Feedback from previous SAB meetings
There is still much unclear about the level and type of impurities that are critical for CCU and CCS
The maximum amount fraction of hydrogen in natural gas is still under discussion

What activities did we change based on this feedback
The maximum amount fraction of hydrogen in natural gas was enlarged from 20 to 30% mol/mol to
be certain that the upper allowed limit would be covered by the developed methods and reference materials
The proposed impurity NO was changed to NO2 for CCUS
The composition of the partially liquefied CO2 mixture was changed with respect to H2 and C2H6



Task 2.1 - Progress

To develop new Primary Reference Materials  
for hydrogen and hydrogen enriched natural gas used in boilers and cookers, 
for carbon dioxide quality measurements required for CCUS
to understand the difference between gaseous and partially liquefied multi-component mixtures in carbon dioxide

NPL have prepared the following PRMs:
a)  Hydrogen for heat (CO, H2S, THT, CO2, O2,

Ar, N2, He, CH4, C2H6 in H2)
b)  Multicomponent CCUS (CO, Ar, CH4, C2H6, 

N2, O2 and H2 in CO2)
c)  Binary CCUS (H2O in CO2, NH3 in CO2)

• H2 mixtures are undergoing stability testing  
(up to 18 months) to confirm their lifetimes are
suitable for industry.

analysis 100 ppm 
CH4

10 ppm CO 1000 ppm 
N2

Balance 
Hydrogen

GC-FID GC-FID with 
methaniser

GC-TCD

May 2022 -0.12% -0.82% 0.20%

Oct 2022 -0.15% -0.70% -0.12%

May 2023 -0.13% -0.80% -0.11%

May 2024

All measurements performed against VSL mixtures in Nitrogen
Deviations are in % relative to gravimetric value



Task 2.1 – Effect of  pressure on analytical amount                       
fractions in CO2 (gas/partly liquefied)

• Effect of pressure on 
analytical amount 
fractions was evident.

• Uncertainty <9% for 
all compounds

• General trend not 
shown by O2 and CO

• N2 and H2 analytical 
value < gravimetric 
value as pressure 
reduced



Task 2.1 – Further work

Develop a better H2O-O2 stability in H2

Develop PRMs for halogenates in H2 like CL2 (Met4H2)

To expand range of reference materials of impurities in CO2 that have greater industrial relevance

To carry out more tests to understand between gaseous and partially liquefied/multi-phasic CO2

mixtures. This helps in better understanding of the effect of pressure on multi-components 

mixtures of CO2. – Supports CCS application



Task 2.1 – Outputs
(BAM; CEM; NPL; VSL)

A literature review to identify gaps in PRMs for 100% H2 and CCUS: available on the website

A report will be written on the availability of new PRMs for decarbonizing industry including a summary of
validation and stability data: available by the end of April 2024

Reference materials for hydrogen grade A are available for the industry (June 2024)



Task 2.2 - Progress

To develop new (or improve existing) analytical methods for measuring purity of Carbon dioxide
in CCS processes (FT-IR; QCM; GC-PDHID and OFCEAS-GC)
To prepare a report regarding the costs and the state-of-the-art for current available instrumentation and 
Hydrogen purity and CCUS

Development of OFCEAS-GC method by RISE



Task 2.2 – Further work

Measurement systems for CO2 impurities that are of industrial importance example SOx, NOx and H2O



Task 2.2 – Outputs
(NPL; RISE; VSL)

A literature review of current documentary standards or technical specifications for quality assurance 
hydrogen (for heat), biomethane and CCS: available on the web-site

A paper study to understand the capital  costs, gas sample requirements and time taken to perform the analyses for 
quality assurance. The report will include a statement on new requirements 
and recommendations: available on the website

Peer-reviewed article summarizing the new or improved methods for measuring impurities in carbon dioxide 
Useability of FT-IR (VSL)
Useability of OFCEAS-GC (RISE)
useability of QCM and GC-PDHID (NPL)
(May 2024)

A review of the quality requirements for different carbon dioxide utilization for beverage, food, cement, 
steel and algae cultivation: available in April 2024 



Task 2.3 - Progress

Overview of the task
To develop and validate online gas analysers for new requirements in the gas grid:

modification of process GC instruments (calorific value)
to monitor hydrogen blends with instrumentation based on RAMAN and NMR 
to monitor hydrogen blends with a fast GC using only 1 carrier gas

To develop a new analytical method for direct gas composition measurement of impurities 
in liquid carbon dioxide using combined RAMAN and NMR spectroscopy

2.3.5 – PTB will modify an online process GC used for gas composition measurement of natural gas to 
work with only one carrier gas

July 2022 – December 2023 (PTB)
Current status:

Carrier gas Helium with modifiers Hydrogen, Argon, Nitrogen: unsuccessful (done(√))
Carrier gas Hydrogen with modifiers Argon: unsuccessful (done(√))
Carrier gas Nitrogen with modifier Helium: work in progress, first results: 
Carrier gas Argon with modifier Helium: work in progress
Carrier gas Argon with modifier Hydrogen: work in progress
Performance evaluation of a commercial available PGC for Hydrogen quantification: 
work in progress

LOD for C6 in N2/He 
approx. 7 times
higher than with
pure He


but still 

resonable for fiscal
metering!



Task 2.3.3 - Progress
Setup for Raman and NMR

Raman spectroscopy Samples 
• 11 gases (Raman), fraction of H2:

1.2 cmol/mol – 100 cmol/mol

• 8 gases (NMR), fraction of H2:
5.9 cmol/mol – 89.9 cmol/mol

Conditions
• 1 – 10 bar
• Room temperature

NMR spectroscopy

Raman RXN1, 785 nm
400 mW

NMR X-Pulse, 60 MHz



Task 2.3.3 - Progress

Raman NMR   

Calibration and uncertainty 



Task 2.3.3 - Progress

Summary
• Raman and NMR results show a linear relationship between the Amplitude / Integral 

and the mole fraction of H2.
• However, the NMR result is not as accurate as with Raman.
• It should be noted that detecting low concentrations (< 5.9 cmol/mol) with NMR is not 

possible with our settings.
• One reason for the less good result in NMR is that the phasing of the NMR spectrum is 

a subjective step in the data analysis. In Raman, everything is done mathematically by 
a python script.

Further work on NMR:
• Possible work on the influence of gas flow on NMR spectra



Task 2.3 – Further work

Future task: Develop and validate methods to meet demands of blends of fuels in variable proportions in the grid 
(Decarb II)
• Expected blends comprise 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)

• Methods must be in general robust, rapid, accurate and field-deployable 

• PTB and BAM plan to test a new Raman sensor applicable to laboratory and industrial environments to
determine calorific values as calculated from composition according to ISO 6976

• Qualify instruments or new technologies for hydrogen grade A according to ISO 14687 (> 98% H2)
• Because there is a lack of metrological accurate sensing devices: testing of new technologies (sensors, 

spectrometers) for hydrogen quantification from 1% H2 to 99% H2

• State of the art: The fastest PGC for HENG on the market (analysis time approx. 1 min) have a considerable 
reaction time for changing gas qualities

• The gas industry is therefore urgently looking for emission-free, more cost-effective and sufficiently powerful 
measurement methods



Task 2.3 – Outputs
(BAM; CEM; NPL; PTB; RISE)

An assessment for the industrial requirements for ultra-fast online analytical instrument capable of 
measuring hydrogen injections up to 25% mol/mol in natural gas: 

December 2023 

A brief survey about the available techniques for fast online measurements 
of hydrogen in natural gas: available on the website

A peer reviewed paper on the applicability of NMR and RAMAN Spectroscopy 
for assessment of impurities in liquid CO2 and on the direct analysis of 
hydrogen enriched natural gas: available in June 2024

A report on the comparison of data between the developed methods 
for online and offline instruments will include validation parameters 
and CapEX/OpEx costs: available June 2024

PTB development results of instrumentation: by April 2024



Task 2.4 - Progress

Organization of a proficiency testing scheme to determine impurities in biomethane relevant for EN 16723-1
Organization of a comparison for online purity analyses to measure hydrogen in natural gas



Task 2.4 – Further work

Repeat of the intercomparison for online purity analyses to measure hydrogen in natural gas: 
manufacturers of instrumentation commented that they were not ready for the intercomparison



Task 2.4 – Outputs
(Air Liquide; NPL; RISE; VSL)

Report on the results of the proficiency scheme for impurities in biomethane: available on the website
The participants have expressed an interest in more of these type of comparisons: 

this service for biomethane is now available

Report on the result of the intercomparison for online purity analyses to measure hydrogen in natural gas:
March 2024



Task 2.5 - Progress

Literature review of sampling methods for CCUS, biomethane, hydrogen and hydrogen enriched natural gas 
including use of gas cylinders, gas bags and sorbent tubes
To investigate the feasibility of suing sorbent tubes to sample impurities from carbon dioxide focussing on 
recovery yield and storage capability



Task 2.5 – Further work

To test sorption tubes on actual CCS facilities and not only in the laboratory



Task 2.5 – Outputs
(RISE; VSL)

Peer-reviewed article in Analytical and Bioanalytical Chemistry
2022 Sep;414(21):6285-6294
doi: 10.1007/s00216-022-03949-0. Epub 2022 Feb 7.

Report on the feasibility of using sorbent tubes for sampling
impurities from carbon dioxide at CCS sites: available on the website



Conclusions

Reference materials (PRMs) for hydrogen grade A will be available at the end of this project

The composition of CO2 for CCUS (components and amount fractions) are still under discussion

The developed methods in this project will support industry by CO2 composition measurements
and the analysis of hydrogen enriched natural gas in the gas grid

Proficiency testing schemes for biomethane composition and for hydrogen enriched natural gas 
measurement systems are available

There is still a lot of work to be done to support industry to decarbonize the gas grid
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