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Abstract

Renewable gases, hydrogen and biomethane can be used for the same applications as natural gas: to heat homes, power vehi-
cles and generate electricity. They have the potential to contribute to the decarbonisation of the gas grid. Hydrogen blending
with existing natural gas pipelines is also proposed as a means to increase the performance of renewable energy systems.
Carbon capture and storage (CCS) and carbon capture and utilisation (CCU) technologies can be an answer to the global chal-
lenge of significantly reducing greenhouse gas emissions. Due to production methods, these gases typically contain species
in trace amounts that can negatively impact the equipment they come into contact with or pipelines when injected into the
gas grid. It is therefore necessary to ensure proper (and stable) gas quality that meets the requirements set out in the relevant
standards. The gas quality standards require the collection and transport of a representative gas sample from the point of use
to the analytical laboratory; i.e., no compounds may be added to or removed from the gas during sampling and transport.
To obtain a representative sample, many challenges must be overcome. The biggest challenge is material compatibility and
managing adsorption risks in the sampling systems (sampling line and sampling vessels). However, other challenges arise
from the need for flow measurement with non-pure gases or from the nature of the matrix. Currently, there are no conclusive
results of short-term stability measurements carried out under gas purity conditions (suitable pressure, matrix, appropriate
concentrations, simultaneous presence of several species).
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Introduction

Renewable gas is the term used to describe gases that can be
used as a clean energy source, i.e. whose combustion does
not produce any additional emissions. There are two main
forms: renewable hydrogen and biomethane. Hydrogen [1]
and biomethane [2] have the same applications as natural
gas: to heat homes, power vehicles and generate electricity.
Both have the potential to contribute to the decarbonisation
of the gas grid.

There are several ways to produce renewable hydrogen:
through electrolysis using electricity from renewable sources
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(e.g. wind), by biomass conversion—either thermochemi-
cal or biochemical conversion into intermediates that can
then be separated or reformed into hydrogen, or by dark
fermentation techniques that directly produce hydrogen, or
by solar conversion—either thermolysis, using solar heat for
high-temperature hydrogen production in the chemical cycle,
or photolysis, using solar photons in biological or electro-
chemical systems to directly produce hydrogen [3].

Biomethane is a nearly pure source of methane produced
either by “upgrading” biogas (a process in which most of
the carbon dioxide is removed from the biogas along with
other impurities) or by gasifying solid biomass followed by
methanation [4].

Biogas is produced by decomposing organic matter under
anaerobic conditions so that biogas with a methane content
of 50-60% can be obtained. The biogas is then purified, and
this process is usually referred to as upgrading the biogas to
biomethane (with a methane content of over 95%). During
the upgrading process, a carbon dioxide—containing stream
is also produced.

@ Springer


http://orcid.org/0000-0002-4037-3106
http://crossmark.crossref.org/dialog/?doi=10.1007/s00216-022-03949-0&domain=pdf

6286

Arrhenius K. et al.

Different fuels emit different amounts of carbon diox-
ide (CO,) in relation to the energy they produce during
combustion [5] (however, the combustion of hydrogen
only produces water vapour and energy in the form of
heat, with no carbon emissions). Capturing CO, can lead
to negative CO, emission. Carbon capture and storage
(CCS) refers to technologies that focus on selectively
removing CO, from gas streams [6] (usually from large
point sources such as a cement factory or biomass power
plant [7]), compressing it to a supercritical state and
finally transporting and sequestering it in geological
formations, including depleted oil and gas reservoirs or
oceans [8].

Another alternative is carbon capture and utilisation
(CCU) technologies, where captured CO, is converted into
valuable products as a renewable carbon feedstock instead
of being permanently sequestered. CO, is often used as
a feedstock for various applications, such as carbonated
beverage production, food preservation, urea production,
water treatment, enhanced oil recovery, chemical production
and polymer production [9, 10]. As microorganisms (such as
algae) are naturally capable of capturing CO, and converting
it into chemicals and fuels [11], the biological use of CO,
provides another route to the production of biodiesel and
various biomass-derived chemical feedstocks (used as food,
silage, biogas and fertiliser) [12].

Due to the production methods (in the case of hydrogen
and biomethane) or the origin (in the case of carbon
dioxide), these gases usually contain species in traces that
can have a negative impact on the equipment they come
into contact with or on the pipelines when they are injected
into the gas network. For this reason, and depending on the
area of application of hydrogen, biomethane and carbon
dioxide, a certain gas quality is generally required. This
has led to the development of several standards that contain
requirements for fuel quality assessment for different
applications. Examples of such standards are EN17124
[13], ISO14687 [14] for hydrogen used as fuel in fuel cell
vehicles EN16723 standards [15, 16] for biomethane used
in transport and injected into the natural gas grid, and ISO
TR 27921 [17] for carbon dioxide capture, transport and
geological storage.

Each of these standards requires analysis in a laboratory
and therefore requires the collection and transport of a gas
sample from the point of use. The sample taken must be
representative of the gas supplied; this assumes that no
compounds are added to or removed from the gas during
sampling. However, it is known that adsorption effects in
the sampling vessel or sampling line can lead to a loss of
the impurities to be analysed. The purpose of this study
is to discuss the challenges and current limitations of the
sampling methods used for these three gases.
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Sampling vessels

Different vessels can be used for sampling renewable gas
(hydrogen and biomethane) and other related gases (e.g.
carbon dioxide).

There are two basic ways of sampling, with or with-
out enrichment [18]. For sampling with enrichment, the
desired compounds are adsorbed onto a solid collection
phase (with adsorption tubes) or absorbed into a solution
(with impingers) while the matrix passes without reten-
tion. For sampling without enrichment, bags, canisters
or cylinders made of different materials are used with
or without treatment or passivation technologies. With
these vessels, no distinction is made between the indi-
vidual compounds during collection; thus, all compounds
are collected. The choice of vessels depends on many
parameters, including the pressure and temperature of the
gas at the sampling point, safety aspects, requirements/
recommendations in standards, transport regulations and
data from storage stability studies. For sampling hydro-
gen for quality assessment according to [ISO14687 and
ISO21087 [19], samples should be taken at the hydrogen
filling station (HRS) nozzle, where the pressure is either
350 or 700 bar.

Sampling in cylinders is almost a requirement for
safety reasons. [SO21087 also states that transfer or
sampling from the original vessel should be avoided
(but is not prohibited) to minimise the risk of impurity
losses and contamination. Sampling in bags or on
sorption tubes is more commonly used for biogas and
biomethane, as most biogas and biomethane production
plants operate at low pressure (<4 bar). Guidelines for
sampling biomethane in bags and on sorbent hoses will
be added in the revision of the of the ISO10715 standard
[20].

Challenges

The main challenge when sampling gases for species at
trace levels is managing the risk of loss of contaminants
by adsorption on the walls of bags, cylinders or canis-
ters and on the media (partial adsorption or irreversible
adsorption for pipes) or by reaction (chemical reaction
between species or between species and the matrix). The
risk of adsorption in the sampling line is another chal-
lenge. Other challenges arise from the need for flow
measurement specifically for the enrichment methods and
especially for biomethane, hydrogen-enriched natural gas
and even carbon dioxide, the exact composition of which
may not be known until it has been fully analysed in a
laboratory.
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Biomethane

The EN 16,723 standard sets requirements for a number
of parameters, including the content of trace substances
such as siloxanes and sulphur compounds. However,
depending on the substrate being fermented and the treat-
ment method, biomethane may also contain other volatile
organic compounds (VOCs) such as terpenes [21], hydro-
carbons, oxygenated hydrocarbons, halogenated hydro-
carbons and nitrogenous compounds, and it may be rel-
evant to analyse these species as well. One of the obvious
challenges is the wide range of boiling points, e.g. in the
case of halogenated hydrocarbons, where species found in
biogas samples have boiling points ranging from — 82 °C
(CHF3) to over 300 °C (e.g. C6Cl6, 325 °C), but also
the fact that species also differ in terms of polarity, water
solubility and reactivity.

Short-term stability studies [22] for siloxanes, halogen-
ated compounds and BTEX (benzene, toluene, ethylbenzene
and xylenes) in cylinders, bags and onto sorbent tubes were
carried out as part of the EMRP project ENG54 “Metrol-
ogy for biogas” [23] as shown in Figs. 1 and 2. The study
showed that at least, concentration, pressure and the pres-
ence of water affect the suitability of a vessel. While storage
in gas cylinders seemed to be a reliable alternative when the
gas was taken at a relatively high pressure (> 50 bar to 60 bar
as in the case of siloxanes D4 and D5 in Fig. 1), adsorption
effects occurred directly on the inner surface of the cylinder
at low pressure (less than 10 bar as in the case of toluene in
Fig. 2). The occurrence of adsorption on the walls of bags
has been shown to be strongly related to the boiling point of
the target species, which is consistent with information pro-
vided by bag manufacturers [24]. Compounds with a boil-
ing point above about 150 °C tend to be more likely to be
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partially lost by adsorption in pouches than compounds with
lower boiling points. The loss of concentration appears to
be concentration dependent and to occur to a greater extent
during the initial storage period when the internal surfaces
become saturated [18].

Material compatibility was investigated for different
cylinders as part of the EMPIR project “Metrology for
biomethane” [25], with tests to determine the long-term
stability (1.5 years) of siloxane standards in six different
types of cylinders: Spectraseal from BOC, Spectraseal with
H,S-treatment performed by NPL (called Spectraseal PT),
Performax from Effectech, Megalife from Air Liquide, Exp-
eris from Air Liquide and PB passivation from New Energy
Technology (deliverable D1). The targeted siloxanes were
hexamethyldisiloxane (L2), octamethyltrisiloxane (L3),
octamethylcyclotetrasiloxane (D4) and decamethylcyclo-
pentasiloxane (D5) in a methane matrix. These tests were
carried out at a pressure of 100 bar and concentrations of
55 nmol/mol for L2, 35 nmol/mol for L3, 27 nmol/mol for
D4 and 22 nmol/mol for D5. In these tests, measurements
were taken on different cylinders 30 days after the mixture
was prepared and the results were compared with measure-
ments taken on the day of preparation. With this time frame,
these results can be used to assess material compatibility
for sampling. The results for the Experis, PB and Megal-
ife cylinders showed that all siloxanes were stable (within
5% change) compared to day 0. The results for Performax
and Spectraseal PT showed that only D5 and D4 were
stable within the limit of 5% change. L2 levels increased
(+9% and + 11% change compared to day O for Performax
and Spectraseal PT, respectively) and L3 levels decreased
(— 8% and — 12% change compared to day O for Performax
and Spectraseal PT, respectively). The results for Spectra-
seal showed that only D4 was stable within a 5% change.
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Fig. 1 Short-term storage stability in cylinders, bags and on adsorbent for siloxanes D4 and D5 (figure from Arrhenius et al. [22])
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Benzene storage stability
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Fig.2 Short-term storage stability in cylinders, bags and on adsorbent for benzene and toluene (figure from Arrhenius et al. [22])

The concentrations of L2 and D5 increased (+9% change
compared to day 0) and the concentration of L3 decreased
(— 12% change compared to day 0).

Sorbent tubes contain various types of solid adsorbents.
Commonly used adsorbent materials include activated car-
bon, silica gel and organic porous polymers such as Tenax
and XAD resins [26]. Factors to consider when selecting
suitable sorbents [27] include the strength of the interac-
tion between sorbent and sorbate, which is highly dependent
on the boiling point of the sorbate, temperature, artefacts,
hydrophobicity and inertness (some sorbents contain chemi-
cally active substances and are generally unsuitable for reac-
tive species—sulphur compounds, terpenes, amines, etc.).
Weak sorbent [28], such as a porous polymer sorbent, should
be chosen for species with a boiling point above 100 °C, a
medium strong sorbent, such as a graphitised carbon black,
should be chosen for species with a boiling point between 30
and 100 °C, and a strong sorbent, such as a carbon molecular
sieve, should be chosen for species with a boiling point in
the range — 48 to 30 °C. Finally, compounds with boiling
points below —48 °C are usually too volatile.

As shown in Figs. 1 and 2, short-term storage stability
can be a problem when sampling in gas bags. When sam-
pling onto adsorbents, the flow rate must be stable during
the whole duration of the sampling, which is not always
possible on site. Another challenge with direct sampling on
a sorbent tube is flow measurement. Sampling on sorbent
tubes usually requires collecting a known volume of gas at
an appropriate flow rate on the sorbent tube, preferably with
a flowmeter. Many flowmeters are calibrated for a fixed com-
position, and changes in composition can drastically affect
the flow measurement [29].

The composition of biogas and biomethane varies in
terms of the main components depending on the process.
The methane content varies between 40 and 99 vol-% and
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the carbon dioxide content between less than 1 vol-% to 60
vol-%. Other compounds such as nitrogen, water vapour and
hydrogen sulphide may be present in the gas in amounts
ranging from a few umol/mol to up to mol/mol. Finally,
hydrocarbons such as ethane and propane may also be pre-
sent in the gas if, for example, natural gas has been mixed
with biomethane. In general, the exact composition is only
known after a complete analysis in a laboratory.
Combining the two methods by transferring a volume of
gas from the bag into a sorbent tube immediately after filling
the bag has been proposed as another sampling strategy, as
it could provide a solution to overcome the disadvantages
associated with both methods. However, this study [30]
has shown that the transfer must be done at relatively high
flow rates (Fig. 3), especially if the gas contains a higher
water content (as in biogas). If lower flow rates are used, the
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Fig. 3 Difference in VOC concentration measured on Tenax TA after
transfer from a bag using two different flows (100 ml/min versus
300 ml/min—reference) (figure from Arrhenius et al. [30])
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concentrations can be underestimated, which has a particu-
lar effect on compounds with higher boiling points (above
150 °C), probably due to adsorption on the walls of the bags.

The risks of adsorption at the sampling line must also
be considered. Tests [31] carried out as part of the EMRP
ENG54 “Metrology for biogas” project have shown that
adsorption effects occur even within the regulator of a cyl-
inder filled with 90 bar of a reference material consisting of
four siloxanes (L2 with a boiling point of 100 °C, L3 with a
boiling point of 153 °C, D4 with a boiling point of 176 °C
and D5 with a boiling point of 210 °C) in a mixture of meth-
ane, carbon dioxide and nitrogen.

The samples from the cylinders were collected on sorbent
tubes once the pressure had been reduced from 100 bar to
just over 1 bar. In the first tests, it was found that the con-
centrations of D4 and D5 were much lower than expected,
while the concentrations of L2 and L3 were as expected. It
was suspected that adsorption effects in the regulator for D4
and D5 were the cause. To test this hypothesis, a number of
samples were taken while the regulator was heated, and it
was found that the concentrations of D4 and D5 were much
closer to the expected concentration. However, the positive
effect of heating the regulator was found to decrease with
time, as shown in Fig. 4.

Hydrogen

The EN17124 and ISO14687 standards set quality require-
ments for hydrogen as a fuel, including limits for a large
number of gaseous species, some of which are very demand-
ing. Another challenge is the need for “total” measurements
such as total hydrocarbons, total sulphur compounds and
halogenated compounds at stringent threshold limits. In
addition, some of these substances are reactive or “sticky”
(formaldehyde, formic acid, sulphur compounds, water,
ammonia). Due to safety aspects, the sampling strategies
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Fig.4 Adsorption effects in the regulator observed for D4

for taking a hydrogen sample at the nozzle of a hydrogen
filling station (HRS) use cylinders made of aluminium or
stainless steel. These materials are more or less susceptible
to absorbing reactive compounds on their surfaces. Most
of the reactions that take place on the inner surface of an
aluminium cylinder are cavity reactions catalysed by the alu-
minium oxide structure. Reactive compounds are absorbed
on stainless steel by chemisorption [32].

The stability of these reactive species in different cyl-
inders must be evaluated before selecting the appropriate
cylinder. However, there is currently a lack of meaningful
results from short-term stability studies conducted under
conditions typical of hydrogen purity (appropriate pressure,
matrix, appropriate concentrations, simultaneous presence
of multiple species). So far, to our knowledge, there are no
studies that have addressed these issues for species such as
formaldehyde, formic acid and water (at low umol/mol val-
ues). For sulphur compounds, especially hydrogen sulphide,
there is some information available.

Most studies on hydrogen sulphide show that some treat-
ment of stainless steel or aluminium cylinders is required.
For example, one study showed that hydrogen sulphide at a
concentration of 17 nmol/mol [33] was completely lost after
1 day when stored in untreated stainless steel cylinders, while
the hydrogen sulphide concentration remained stable for at
least 7 days when stored in SilcoNert 2000 coated cylinders.
Another study has shown that 1.5 nmol/mol hydrogen sulphide
in air remained stable in SilcoNert-2000-treated canisters [34].

No stability test results could be found for hydrogen sul-
phide at low nmol/mol levels in aluminium cylinders, but the
stability of hydrogen sulphide at 500 nmol/mol in synthetic
air was studied in different types of aluminium cylinders
[35] (superior gas stability—SGS cylinders, basic -B alu-
minium alloy cylinders and acid washed—AW cylinders),
with several cylinders tested for each type. Again, losses
were observed for AW cylinders (total loss after 2 days) and
for B cylinders (total loss after 10 days for most cylinders
tested), while the hydrogen sulphide concentration remained
more stable for SGS cylinders. However, some loss (up to
20% for one cylinder) was also observed for these cylinders,
especially at the beginning of the tests.

In a study conducted as part of the EMPIR 16ENGO1
“Metrology for hydrogen vehicles” project [36], the stability
of hydrogen sulphide in a hydrogen matrix at 40 nmol/mol
was compared in different types of cylinders: untreated 10-1
aluminium cylinders, Spectraseal-treated 10-1 aluminium
cylinders, 1-1 untreated stainless steel aluminium cylinders,
1-1 Sulfinert treated stainless steel cylinders and 1-1 Dursan
stainless steel cylinders. The results in the aluminium cyl-
inders showed a significant initial loss in both types. After
this initial loss, the level of hydrogen sulphide (H,S) in
both types of sampling vessels remained stable over the test
period (5 weeks, Fig. 4).

@ Springer
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The stainless steel cylinders were filled 6 months after the
preparation of the mixture by decanting from the untreated
aluminium cylinders. The results (Figs. 5 and 6) show an
almost complete loss when decanting into the Dursan cyl-
inder, while H,S remained stable for a period of at least
6 days after decanting in both the untreated and the Sulfinert
cylinders. The concentration in these cylinders was signifi-
cantly lower than the concentration measured in the original
aluminium cylinder (40 nmol/mol). This may be due to the
time laps between the preparation of the original mixture
and decanting (6 months), but also to initial losses in the
stainless steel cylinders.

Some initial losses were observed for tests performed at
10 times higher than the threshold value of ISO14687 [37]
(4 nmol/mol). It is likely that larger losses could occur at
even lower amount fractions (closer to the threshold).

Many compounds belonging to the total species are
organic. Therefore, the use of sorption tubes could be an
alternative sampling method for the total species, as it not
only provides a sum of the concentrations, but also an iden-
tification of the compound(s) actually present in the hydro-
gen. However, due to the wide range of boiling points of
compounds in these families, the existing sorbent tubes are
not universal enough to capture all possible impurities. In a
recent study [38], the short-term stability (over one week)
was determined for a number of compounds belonging to the
three total families on different sorbent materials. The most
suitable sorbent appeared to be a three-bed sorbent contain-
ing a weak (Tenax TA), a medium (Carbograph 1TD) and
a strong sorbent (Carboxen 1003) that can be used for the
three families.

It has also been shown that it may be necessary to use
a combination of small sampling volumes (to reduce the
risk of volatiles breaking through the sorbent bed during
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Fig.5 Short-term stability study for H,S at 40 nmol/mol in H, (Spec-
traseal-treated aluminium sampling vessel (2698) and untreated alu-
minium sampling vessel (LUX0012)) (figure from Arrhenius et al.
(36D
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sampling) and larger sampling volumes (to achieve the
detection limit required by ISO14687, especially for sul-
phur compounds). In addition, this study has shown that
compounds retained on the sorbents can be analysed sev-
eral days after sampling without any significant change in
their concentration, except for species such as vinyl chloride,
chloroform and ethanol.

As the pressure has to be reduced to a maximum of 10 bar
(and preferably lower), sampling on the tubes at the noz-
zle would be a major challenge in many respects, including
safety aspects. The possibilities of using vented hydrogen
need to be evaluated. Transferring the hydrogen sample from
the sampling cylinder to the sorbent tubes is not prohibited,
although there is an increased risk of losing impurities and
further contaminating the sample. However, this is currently
the best option for sampling hydrogen on sorption tubes.
Some of these aspects are being further investigated in the
EMPIR 19ENG04 “Metrology for hydrogen vehicles 2” pro-
ject [39].

The results of the available stability studies as well as
experience from industry are summarised in a table in a
recent article [32], which is reproduced here (Table 1).

As can be clearly seen from the table, in a number of
cases, the data are insufficient to assess the compatibility
of the materials and further studies are therefore needed to
complete the table.

Carbon dioxide

ISO Technical Committee TC265 is currently developing
standards and technical reports on CO, capture, transport
and geological storage, including technical report ISO/
TR27921:2020 [40]. Depending on the feedstock and pro-
cess, CO, streams captured from different sources contain
various species at trace levels such as benzene, methanol,



Sampling methods for renewable gases and related gases: challenges and current limitations 6291

Table 1 Cylinder suitability for Stainless stecl Aluminium

a time period of 4 months (table

from Arrhenius et al. [32]) Untreated Sulfinert®  Untreated  Aculife VII Performax = SPECTRA- Unptreated

SEAL SGS
a b a b a b a b a b a b a b

C,H, X X X X X X X X X X S S S S
He X X X X X X X X X X S S S S
N, X X X X X X X X X X S S S S
Ar X X X X X X X X X X S S S S
Co, X X X X X X X X X X S S S S
CO id S id S S S id id id id S S S S
H,S id IS X S id 1 id 1 id id I I S id
HCI id id id I id id id I id id id id id id
CH,O id id id S* id id id id id S* I I I id
CH,OH id id id id id X id id id id S S I id
NH, id id id X id id id id id id I X I id
0, id id id id id id id id id id S S! S! S!
H,0 id id x* x* id id id id id id S$* §2 §* 82

a, at ISO14687:2019 threshold; b, at higher concentrations (i.e. 50 times ISO14687); X, should be suitable;
S, suitability demonstrated (* more than 80% stability); I, issues were found (ex. of issues: need careful
selection of the cylinder, initial loss...)

i.d. insufficient data

!0xygen stability seems to vary between cylinders of the same internal treatment

2Oxygen reactivity may affect the amount fraction of water through the reaction in hydrogen matrix

methane, carbon monoxide, hydrogen, water, ammonia, oxy-
gen, sulphur compounds (such as H,S and COS—carbonyl
sulphide) and nitrogen. Most of these substances are also tar-
geted in biomethane or hydrogen matrices, but the thresholds
are less stringent than those for hydrogen used in fuel cell
vehicles. As mentioned above, these species have different
physical and chemical properties, including a wide range of
boiling points. Accordingly, the presence of these species in
the CO, stream can have negative effects of a physical nature
(affecting the thermodynamic and transport properties of
the stream), chemical nature (corrosion), microbiological
and toxic and ecotoxic nature (effects on human and animal
health and on the environment). These effects have been
reviewed in ISO/TR27921:2020.

Furthermore, measurement challenges arise from the
physical properties of CO, itself. The critical point of pure
CO, is close to the ambient temperature. Therefore, phase
changes and multiphase conditions can occur at the sampling
points. There may be a partitioning of species between the
different phases, and if only the gas phase is analysed, the
composition may be underestimated. The composition of
the CO, stream needs to be monitored along the CCS chain
downstream of the capture plant and the CO, stream should
be in a single phase at the time of sampling. The technical
document only mentions sampling in Sulfinert cylinders, but
also notes that it is important to address the standardisation
of sampling and analysis procedures, as there is currently

no standard for sampling matrices in which CO, is the main
component.

Monitoring and reporting guidelines (MRG) for CCS
have been produced in 2010 as part of the CATO2 project
[41], describing the monitoring and quantification of CO,
streams in CCS. Some guidance is given on sampling for
CO, concentration. For compressed CO, flows, it is sug-
gested to perform extractive sampling by pressure reduction
and subsequent measurements of gaseous CO, concentra-
tion at or near atmospheric pressure. The pressure reduction
system in the sampling line should be designed to avoid
liquid or droplet formation, e.g. by using a heated system.
With such a sampling system, CO, samples can then be col-
lected in gas cylinders or sampling bags and even on sorp-
tion tubes. As for biomethane, the composition of the CO,
stream may not be known at the time of sampling, and simi-
lar problems may occur with flowmeters that are normally
calibrated for a fixed composition.

Hydrogen-enriched gas

Mixing hydrogen into existing natural gas pipelines is pro-
posed as a means to increase the performance of renewable
energy systems and as a means to deliver pure hydrogen to
markets [42] (the hydrogen is extracted from the natural gas
close to the point of use). Appropriate hydrogen concentra-
tions are determined taking into account the risks associated
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with the utilisation of the gas in end-use appliances, public
safety and the durability and integrity of the existing pipeline
network.

At present [43], it is not possible to specify a limit value
for hydrogen that would generally apply to all parts of the
European gas infrastructure, as further studies need to be
carried out to assess the impact of hydrogen in porous rock
underground storage tanks, steel tanks in natural gas vehi-
cles, gas turbines and gas engines [44]. The European Com-
mittee for Standardization (CEN) developed the standard EN
16,726:201 “Gas infrastructure—Quality of gas—Group H”
[43]. The permissible hydrogen concentrations in natural gas
systems are addressed separately in Annex E (informative).
For sampling, EN16726 refers to ISO10715 [20] which is
primarily intended for natural gas.

The ISO16726 standard specifies the relative density
requirements (which, if determined according to ISO6976
[45], requires the determination of the composition of the
hydrogen-enriched natural gas in terms of methane, hydro-
gen, other alkanes and nitrogen), for oxygen, for carbon
dioxide and for sulphur species such as H,S, COS and
mercaptans.

The sampling system (sampling line and sampling ves-
sel) must be adapted to the geometry of the pipeline (e.g. its
diameter) and the conditions (e.g. pressure). At high pres-
sure, a probe is required, and cylinders are the only vessels
mentioned, while at low pressure and small pipeline diam-
eters, a probe may not be required and sampling in bags and
on sorbent tubes is possible.

For all gases considered in this study, the sampling of
high-pressure gases or gases containing reactive substances
raises material issues. For the selection of materials for natu-
ral gas sampling, the standard ISO10715 [20] refers to a
table from another standard, ISO16664 [46], which provides
material compatibility for a list of gases such as inert gases,
oxygen, carbon dioxide, carbon monoxide, alkanes, alkenes,
aromatics, nitrogen oxides, chlorine, hydrogen chloride,
ammonia, hydrogen sulphide and sulphur dioxide and for
a list of materials (stainless steel, copper/brass, Hastelloy/
monel/nickel, aluminium, polytetrafluorethene, polyether-
ketone silica-lined, glass/quartz, fluorinated ethene-propene
and silica-lined stainless steel).

According to this table, stainless steel is suitable for most
of the impurities mentioned, except for CO at a mole frac-
tion above 1% (of limited suitability) and for Cl, and HCI
at all (of limited suitability) and for H,S at a mole fraction
below 0.001% (not suitable). Aluminium is also suitable for
many of the impurities. However, there is no experience for
NO, with a mole fraction below 1% (aluminium is not suit-
able for NO, with a mole fraction above 1%), for Cl, with
a mole fraction between 0.001 and 1% (aluminium is not
suitable for Cl, with a mole fraction above 1%) and for NHj.
Aluminium is not suitable for HCI at mole fractions above
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0.001%. Hastelloy/monel/nickel, glass/quartz and silica-
lined stainless steel are suitable for all impurities in the three
ranges of mole fractions (< 0.001%,>0.001 to 1%, > 1%).
The ISO10715 standard [20] even recommends analysing
reactive compounds on site using direct sampling methods
when practical, as even coated cylinders cannot eliminate
the risk of absorption of reactive species.

Conclusions

The purpose of this study is to identify the challenges and
current limitations of sampling methods for the quality
assessment of biomethane, hydrogen, carbon dioxide and
hydrogen-enriched natural gas. The main challenge com-
mon to all these gases is to adequately manage the risk of
impurities being lost by adsorption into the walls of the gas
cylinders (or bags) and onto the sorbents either immediately
or during transport to the analytical laboratory.

Materials in contact with gases that may contain reac-
tive impurities should be impermeable to all species and
should have a minimum of sorption and chemical inertness
to the constituents being transferred. The same considera-
tions apply to all parts of the sampling line and especially
to those parts where pressure reduction takes place (regu-
lators, valves, etc.). The material of the cylinder is prob-
ably even more critical when sampling hydrogen used as
fuel in FCEVs, as the thresholds required in EN17124 and
ISO14687 are very strict (low or sub-umol/mol).

Performing “total” measurements (total hydrocarbons,
total sulphur compounds, halogenated compounds for hydro-
gen, siloxanes and sulphur for biomethane, sulphur species
for carbon dioxide and hydrogen-enriched natural gas) is
another challenge to overcome in sampling, partly because
of the wide range of boiling points of the compounds belong-
ing to these families. For example, the existing sorbent tubes
are not universal enough to trap all possible impurities of a
given family.

Other challenges arise from the need for flow measure-
ment specifically for enrichment methods and especially for
biomethane, hydrogen-enriched natural gas and even car-
bon dioxide, for which the exact composition may not be
known until a complete analysis is performed in a labora-
tory. Many flow meters are calibrated for a fixed composi-
tion and changes in composition drastically affect the flow
measurement.

Finally, a more carbon dioxide—specific challenge arises
from the physical properties of CO, itself, as the critical
point of pure CO, is near ambient temperature, so that phase
change and consequently multiphase conditions can occur at
sampling points if the necessary precautions (such as heating
the sampling line) are not taken.
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As material compatibility issues are often mentioned but
not well demonstrated experimentally, it is of great impor-
tance to increase the knowledge of adsorption effects of rel-
evant species on different materials under different condi-
tions (matrix, pressure, concentration). This could be done
by more systematic recovery experiments (at the time of
sampling) and short-term stabilities (over a period of time
corresponding to the time it takes for the sample to be deliv-
ered to the analytical laboratory) at defined and relevant con-
ditions in terms of pressure, matrix and concentration).

The results of these investigations should be compiled in
material compatibility tables to assist industry in selecting
suitable materials for cylinders and sampling lines.
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