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Executive summary
There is no inherent property of hydrogen that makes it unsuitable for metering at distribution or
transmission pressures. Towns gas containing large percentages of hydrogen was used for many
years in the UK and continues to be in use in Hong Kong and Singapore. Many manufacturers sell
their ordinary mechanical gas meters as suitable for hydrogen in a laboratory or industrial situation;
unfortunately lack of demand has meant that none of these meters seem to have certified under
appropriate metering regulations for gaseous hydrogen (e.g. the Measuring Instruments Directive)
Some of the more sophisticated modern inferential meters (e.g. thermal or ultrasonic) currently
designed specifically for natural gas (or LPG if suitably calibrated) are likely to unsuitable for
repurposing directly to hydrogen but none of the problems appear fundamental or insuperable.
The largest potential hurdle probably surrounds the physical size of current meters. A hydrogen
appliance will consume about 3.3 more hydrogen than natural gas (on a volumetric basis) and
using traditional designs this would have been measured through a meter probably too large to fit
within an existing meter box. Unless unsolved such an increase in size would add materially to any
hydrogen re-purposing programme.
The meter trade thus need to be challenged to come up with a hydrogen meter that is the same
physical size as a natural gas meter on a power rating basis (i.e. in kW). Ultrasonic and thermal
mass meters should be included in the necessary Research and Development programme.
A meter test programme is suggested that will provide evidence to meter manufacturers that the
metering of hydrogen is not inherently difficult and thus convince them to make the necessary
investments and/or approach the GDNO’s for assistance with such a programme.
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1 Introduction
There is increasing UK interest in the distribution of 100% hydrogen, especially the repurposing of
existing GB gas networks. This is highlighted in the H21 Leeds City Gate project report, which
showed that the conversion of a major UK city from natural gas to hydrogen for heat is feasible.
This project identified a number of work packages required to develop the knowledge base around
hydrogen. One of these packages considers the continuing validity (or otherwise) of existing gas
metering systems. These broadly break down into:
•
•
•
•

Domestic
Commercial
Industrial
Network

The hydrogen metering work package has been raised as an NIA project, with several phases.
This phase of the hydrogen metering project looks at legal and technical issues, and draws up a
suitable test programme to subsequently revalidate (or otherwise) meters that currently measure
natural gas to measure hydrogen.

1.1 Objectives
Prior to conversion of the gas distribution network from natural gas to hydrogen, any meter used
for billing will have to comply with the law when the new fuel is used. The objective of this phase of
the hydrogen metering project is the production of a document that will collate world-wide
experience regarding hydrogen metering and thus inform:
•
•
•
•
•
•
•

GDNOs
BEIS Regulatory Delivery
Other interested parties within BEIS
Ofgem
Gas appliance manufacturers
Gas meter manufacturers
Senior staff in the gas and gas meter industry

regarding:
•
•
•

The availability of new meters already suitable for use with hydrogen
The expected performance of different types of existing natural gas meters measuring
hydrogen
A test regime to practically assess this performance, including:
o The number and operational principle of meters subject to test
o Details of such a test regime, referring to regulatory and standards clauses
o Advice on which organisations may be able to conduct the test programme
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2 Areas of concern for metering of hydrogen
2.1 Flow capacity
Conversion of the natural gas grid to hydrogen is not inherently tied to any change in the demand
for energy. Therefore, due to the calorific value of hydrogen being roughly one third of that of
natural gas on a volumetric basis, the volumetric flow that flows to appliances which is metered will
approximately treble. The effect of this significant increase will need to be understood before any
conversion to hydrogen is possible.
It should be noted that the calorific value of towns gas (18,000kJ/m3) was also significantly lower
than natural gas (39,500kJ/m3) but not as low as pure hydrogen (11,800kJ/m3). Unfortunately
many Town Gas appliances had much lower energy ratings than modern appliances; thus a typical
Town Gas boiler might have been 15kW input compared to a 30kW modern Combi.

2.2 Meter life
For any meter with moving parts, the increase in flow associated with the conversion from natural
gas to hydrogen will increase the wear on moving components. This has the potential to affect the
performance of the meter, and in extremis lead to premature fatigue failure of the meter. Even for
meters without moving parts, the increase in velocity of gas flowing could potentially have effects
on the meter life through erosion.

2.3 Physical dimensions
The physical dimensions of gas meters used for metering premises (be they small or large scale)
are constrained by the layout and dimension of the existing pipework to and from the meter, and by
the dimensions of the meter housing which serves to contain it. Whilst this would not be a concern
with reusing existing meter installations, if the larger volumetric flow associated with hydrogen flow
mandates a physically larger meter it should still be able to fit inside the existing housings with the
existing pipe connections. Any modification or replacement beyond the meter itself could very
significantly increase the cost and time taken.

2.4 Accuracy of measurements
Gas meters, as with any measurement equipment, will record a throughput within a certain
tolerance from the true value. The change from natural gas to hydrogen gives rise to the potential
for the accuracy of the flow measurement to be adversely affected. There are several means by
which this may occur, such as unrecorded passing of gas, or by changes to the level of turbulence
within the meter. The effect of this is expected to be strongly dependent upon the technology being
used for the measurement e.g. volumetric displacement, thermal mass, ultrasonic or other.

2.5 Leakage rate
If there is potential for gas to leak from a meter to the outside environment, changing from natural
gas to hydrogen will have an impact on the nature of these leaks. It is important to understand in
what manner and to what extent this impact would be. Leakage rates will impact on safety, and
could impact on the accuracy of readings, and in aggregate the total amount of shrinkage from the
gas networks.
In practice the increase in volumetric leakage rate is a function of the nature of the leak; thus
diffusion (as might occur through a polymer seal) is typically 3 to 5 times faster than natural gas,
laminar leakage (as might occur down a thread) is about 1.2 times faster, and turbulent leakage
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(as might occur through a small hole) about 3 times faster. As most gas meters have effectively
zero leakage, the leakage from hydrogen is likely to also be very small. In practice, due to the high
diffusivity of hydrogen in air, and its low density, hydrogen is likely to diffuse away from a leak
faster than it escapes. Reports of high levels of hydrogen leakage often relate to very highpressure hydrogen (>200 bar).

2.6 Safety
It is essential that any change from natural gas to hydrogen is carried out in such a way that safety
is not adversely affected. Due to the largest safety hazard associated with hydrogen being from
flammability, this is closely related to the leakage rate. The potential for the meter to create an
ignition source for a release of hydrogen has to be assessed.

2.7 Vent hole in meter regulators
Domestic meter regulators (sized for a U6 meter) reduce the pressure of the gas after the ECV to
produce the required 20 mbarg out of the meter. Typical regulator input pressures are 25 to
75 mbarg and outlet pressures are 21 mbarg. They are frequently mounted in meter boxes.
These regulators have a small breather hole that provides the reference atmospheric pressure
against which the 20 mbarg can be set. Unlike many industrial or commercial regulators they have
no facility for connection of an external vent pipe to this breather connection, so in the event of
failure of the regulator diaphragm any gas will be released into the zone immediately around the
meter.
Over the years, considerable investigation has gone into optimising the precise size and shape of
this breather hole.
It must not be so small as to be at risk of blockage products of corrosion or insects or dust, but it
must not risk release of material quantities of flammable gas sufficient to form a flammable
atmosphere even in the smallest meter box.
The physical properties of hydrogen indicates the leakage from a hole (as typified by such a
breather orifice) is about 2.8 times the volume of natural gas and as the technical % LEL of
hydrogen and natural gas are broadly similar (about 4 to 5%) this could be a problem.
Conversely however:
1. Hydrogen is much lighter (Density 0.084 cf 0.067kg.Nm3) , and its diffusion is much higher.
2. The technical LEL of hydrogen does not offer the same immediate and real risk offered by
natural gas, and general deflagration does not occur until about 8.8% v/v H2.
This means prediction of the behaviour of future meter regulator breather holes is difficult without
practical measurement.

30810 / Northern Gas Networks

3

© Kiwa Ltd 2018

3 Gas meter types and operating principles
Many different technologies are available for use in flow measurement, with some having greater
degrees of penetration in use than others, with some being better suited than others to specific
applications.
The performance of gas meters when being used to measure the flow of hydrogen is of interest
both within the distribution grid, and downstream of the emergency control valve. Meters which
may be used for industrial and commercial applications but not within gas distribution, are briefly
considered but are not the main focus of this study.
Gas meters can be broadly divided into two categories: positive displacement meters and
inferential meters. A positive displacement meter is where a fixed volume of gas is allowed to fill a
chamber, and the number of times this chamber is filled in a given time is counted. An inferential
meter is where the volume is inferred from measured parameters.
A brief description of each of the common types is included below.

3.1 Diaphragm gas meters
The diaphragm gas meter is a type of positive displacement meter. It is the most commonly used
meter within an installation. A diaphragm gas meter consists of four measurement chambers,
which fill and empty in two pairs, incorporating diaphragms connected by a linkages and slide
valves to an index as illustrated in Figure 1. As the volumes of the chambers are known, the index
acts directly as a running volume totalizer.

Figure 1 - Diaphragm gas meter, cutaway section

Diaphragm meters have historically been popular for several reasons. They are simple and reliable
and generally need no regular maintenance. Traditionally in their simplest form they have no
electrical or electronic components and therefore no power supply required. This also means that
there is no significant source of ignition associated with the meter in case of a leak. It should
however be noted that electronic pre-payment diaphragm meters have been fitted since the early
1990’s and latterly some diaphragm meters are now smart meters being fitted with electronic
indexes.
The main reasons for the increase in measurement error of a diaphragm meter is the leakage
through the sealing at the slide valves, stiffening of the internal mechanism and any diaphragm
distortion or leakage.
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Diaphragm meters have been used for many years, including on towns gas which had
approximately 50% hydrogen without large problems from leakages – carbon monoxide poisoning
was then the larger hazard. When used on towns gas, the diaphragm was usually made from
leather whereas now synthetic diaphragms are used. Meter manufacturers were questioned about
the meter performance in markets such as Hong Kong and Singapore where towns gas is still
used, however information was not forthcoming.
Discussions with meter manufacturers have identified that diaphragm meters are currently
available on the market which are suitable to measure the flow of hydrogen gas. These are not
currently certified for hydrogen under the MID due to the lack of demand and it is unclear whether
they would meet the accuracy requirement set out in the Directive. It should be noted that the MID
covers gas meters passing fuel gas, therefore the measurement of hydrogen would be covered
under the scope of this directive. However such conventional displacement meters are currently
routinely offered and purchased for the measurement of >99% hydrogen in a laboratory or
manufacturing environment. Generally manufacturers of displacement meters make no distinction
between their performance on hydrogen and any other non-natural gas e.g. nitrogen.

3.2 Rotary displacement gas meters
Rotary displacement gas meters are also positive displacement meters. They comprise of counterrotating impellers inside a housing, with a space enclosed between the impellors and the housing,
as illustrated in Figure 2. For gas to pass through the meter, it alternately fills the two enclosed
spaces. As the volume of each enclosure is known, the volume of gas metered is proportional to
the number of revolutions of the impellors. A running total of gas flow can be displayed
mechanically from the rotations, to an index as with the mechanical counting of the diaphragm
meter operation.

Figure 2 - Rotary displacement gas meter [1]

In practice, there will be leakage between the impellors as they do not touch, and between the
impellors and the walls of the enclosure. An error curve has to be determined through calibration of
the meter, and applied to the raw volumetric flow reported. The impact of differing gas physical
properties and the higher flow rate associated with the use of hydrogen has to be investigated.

3.3 Ultrasonic flow meters
Ultrasonic flow meters represent the main alternative to diaphragm gas meters for current
installation in domestic properties in the UK. Unlike positive displacement meters, there are no
moving parts associated with ultrasonic flow measurement, which instead relies on measuring the

30810 / Northern Gas Networks

5

© Kiwa Ltd 2018

difference in time of flight of an ultrasonic pulse moving upstream and downstream through the
body of the flow meter, as shown in Figure 3.

ecei er

rans itter
Figure 3 – Simplified ultrasonic flow meter

An ultrasonic flow meter is an inferential gas meter that measures gas velocity and hence
volumetric flow independently of the physical transport properties of the gas that is flowing. In
practice several aspects do arise of potential issue for the re-purposing of meters from natural gas
to hydrogen.
Firstly, the ultrasonic attenuation characteristics of hydrogen and natural gas may not necessarily
be the same. This gives rise to the possibility of an undetectable signal being used. As a
counterpoint to this, ultrasonic flow meters are used industrially to measure the flow of hydrogen,
supporting its applicability to domestic and commercial metering.
Secondly, the change in physical properties between natural gas and hydrogen has the potential to
affect the flow regime within the meter. The flow rate calculation assumes that the velocity within
the meter is constant across its diameter – in reality there will be a profile across it. If this profile
differs significantly from that of natural gas flow, an error term may be introduced. For a given
energy flow in a fixed diameter channel, hydrogen flow will always be less turbulent than natural
gas and so the flow profile will be more pronounced than with natural gas.
Reynolds Number calculation
Due to the difference in calorific value, for a given energy flow, hydrogen will be flowing
approximately 3.5 times as fast on a volumetric basis as natural gas. Within a given channel of
diameter d this equals the relative velocity, u.
The density, ρ, of hydrogen is approximately one eighth of that of natural gas.
The viscosity, μ, of hydrogen is approximately 78% of that of natural gas.
Calculating the Reynolds Number, Re, is the first step in determining the flow regime in a fluid. For
a given energy flow:
ReH2 =

ρH 2 × u H 2 × d
0.125 × ρNG × 3.5 × uNG × d
=
= 0.56 × ReNG
μH2
0.78 × μNG

With a Reynolds number 56% of that of natural gas, hydrogen flow is less turbulent.
Thirdly, the increase in the speed of sound of hydrogen compared to natural gas is very significant.
This means that the time taken for an ultrasound pulse to be detected after its generation will be
much shorter. Ultrasonic flow meters include error checking electronics, and expect the ultrasound
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pulse to be detected within a certain time frame. Changing the gas properties will probably mean
that the result would be rejected by the meter.
An additional effect of the increase in speed of sound is that the percentage error in transit time
measurements will increase, and hence so will the error measurement. For an ultrasonic flow
meter to have the same accuracy on hydrogen as one on natural gas, the precision of the timing
circuits will need to be improved.
Finally, the increase in gas velocity will tend to shear the path of the ultrasound pulses
downstream. This is likely to result in the ultrasound pulse missing the detecting transducer
entirely. Additionally, ultrasonic flowmeters in reality contain signal conditioning components which
are not shown Figure 3, these are designed to refocus the path of the ultrasound pulses. In gas
flowmeters for domestic applications, a V or W shaped signal path is more common to give a
longer flow path, but the principle of operation remains the same. The change in gas velocity will
interfere with the performance of these components.
This is not to say that re-engineered ultrasonic meters should not have future for hydrogen
metering; more that existing meters are unlikely to be immediately re-usable.

3.4 Turbine flow meters
These inferential flow meters consist of a turbine mounted within a pipe, driven to rotate by the gas
flowing through it. As the turbine rotates, a magnetic pickup or other sensor detects the rotation to
determine the flow.
There are several factors which can affect the measurement reported by the flowmeter. Firstly,
mechanical losses from friction on the bearings and gearing where present will tend to lead the
meter to under-read. This has to be accounted for by calibrating the flowmeter to produce an error
curve so that the measured pulse rate can be translated in to an accurate flow rate.
Secondly, the installation of the flow meter is important, with straight flow being required. If there is
any swirl in the flow, this will tend to force the flowmeter reading away from its true value. Straight
lengths of pipework upstream of the meter or an integral flow straightener / conditioner have to be
part of the flow meter installation.
As with all other meters, the increased flow of gas through the meter when conveying hydrogen will
cause issues with turbine flow meters. Recalibration would be necessary to determine the correct
error curve when the lighter gas is being measured. It will also be necessary to consider the life of
the shaft bearings, as they will be called on to rotate over three times as fast as with natural gas
giving rise to increased wear.
It is known that turbine eters suffer ‘o erspinning’ on rapidly arying gas flows i.e. the turbine
continues to spin at high speed long after the actual gas velocity has reduced. Hydrogen is
expected to exacerbate this problem due to the higher angular momentum of the turbine
associated with higher gas flow. It is not obvious how this can be overcome.

3.5 Thermal mass flow meters
Thermal mass flow meters are relatively new to the consumer market, but have been installed in
their hundreds of thousands in Italy. The implementation details vary by model, but the principal of
operation is the same. A heating element raises the temperature of the flowing gas, and the
temperature rise is measured as shown by Figure 4. A greater flow results in a lower temperature
rise for a specific heating element power.
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Figure 4 - Thermal mass flow meter

Hydrogen has a significantly higher specific heat capacity than natural gas (a factor of 7 per kg)
which has to be accounted for in the design of the flowmeter: it will not work without changes to the
associated temperature sensors, heating element and calculation electronics. It would be
necessary to determine whether or not changes in flow have any effect on how representative the
measured temperature rise is. Due to the increased specific heat capacity, the heating element
duty would be higher for an equal temperature rise, and the impact on meter battery life needs to
be assessed. It appears genuinely unclear what the result of such an assessment would be.

3.6 Orifice flow meters
Orifice flow meters are commonly installed on industrial plants to measure gas flows, and there is
some level on use on the gas networks. As shown in Figure 5, gas flows through an orifice would
increase the velocity and hence increases the pressure absorption across the orifice plate. By
Bernoulli’s principle, this pressure drop can be easured to infer the flow rate.

Figure 5 - Orifice flow meter

The pressure drop across an orifice plate is proportional to the square of the volumetric flow, and
proportional to the density. Using the same factors as in the Reynolds Number calculation in 3.3
above, the pressure drop for a given energy flow of hydrogen will be 3.5² x 0.125 = 1.53 times as
high as for natural gas. The combination of increased pressure drop and increased velocity may
affect the operating conditions necessary, and potentially affect wear rate of the orifice through
erosion. Recalibration and revalidation of performance would be necessary for conversion to
hydrogen.
Orifice flow meters are installed in the gas networks. They are slowly being replaced by other
technologies, but some are still present.
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3.7 Vortex flow meters
Vortex flow meters consist of a length of pipe with a bluff body inserted through the flow path as
shown in Figure 6. As gas flows past the bluff body, it generates vortices first on one side, and then
on the other, which can be detected using electronic sensors. This gives an indication of the
volumetric flow.

Figure 6 - Vortex flow meter

Vortex flow meters have a number of issues which restrict their applicability for use on hydrogen.
They require long lengths of straight pipe, have high pressure drop (albeit not as high as an orifice
plate) and are very sensitive to vibrations in the pipework. With hydrogen in particular, the low
density means that the vortices generated are difficult to detect. These flowmeters should probably
be avoided for hydrogen duty. The authors are not aware of the use of vortex meters in the gas
network.

3.8 Coriolis flow meters
Coriolis meters are not installed on the gas distribution network. They rely on measuring the
oscillations that are generated by passing flow through a pipe that is subjected to a forced
vibration. These meters are used in the chemical and associated industries where accurate flow
measurement is needed, and particularly where the composition of the fluid flowing is subject to
change. Additionally, they are used in some compressed gas refuelling stations, where the high
pressure of gas under distribution makes them more suitable.
When measuring a gas flow, Coriolis meters are less accurate, as the density of the fluid is much
lower than for liquids, and this reduces the magnitude of the oscillations that are being detected.
With hydrogen, the density will be very low and so inaccurate. Additionally, Coriolis meters suffer
from high pressure drop when used with gases, which would be a serious issue in gas distribution
and use.

3.9 Gas industry structure
The structure of the gas metering industry in Great Britain is quite convoluted. All meters were
formerly owned by National Grid but over time Gas Act responsibility has gradually transferred
under the Review of Gas Metering Arrangements (RGMA) to gas suppliers. As the smart meter
roll-out process continues, supplier Gas Act responsibility will increase significantly.
As a consequence of this change Gas Act responsibility and ownership arrangement for meters,
there is not a single source able to advise of the overall gas meter types installed in Great Britain.
Instead, the most representative data that could be found has been used.
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3.10 Gas meter type breakdown
he breakdown of eter types installed in NGN’s LDZ [2] was obtained following a data request to
Xoserve. Table 1 summarises the proportions of types installed in NGN.
Meter type
Diaphragm
Rotary
Ultrasonic
Turbine

Proportion
82.4%
<0.2%
17.4%
<0.1%

Table 1 - Gas meter type breakdown

Within the LDZ considered, 82.4% of all meters installed are diaphragm meters, with 17.4% being
ultrasonic and the remaining 0.2% of meters being rotary and turbine. This should inform the
relative importance of understanding meter performance, considering that the rotary and turbine
meters may be significantly larger than the domestic types.
As stated above it is the increase in volumetric flow rate that is likely to be the main driver for the
replacement in volumetric gas meters. This is indicated in the table below:
Appliance

Combi boiler
Gas fire
Gas cooker
Total

Energy
Input
(kW)
32
7
8
47

Nat Gas
Input
(m³/hr)
2.9
0.6
0.7
4.3

Hydrogen
Input
(m³/hr)
9.8
2.2
2.5
14.5

Table 2 - Gas demand and meter size impact

The existing G4 meter has a rated capacity of 6 m³/hr and is (as expected) nicely sized at 71% to
meet typical peak domestic loads; this figure would rise to 241% with hydrogen. Even a single
modern combi boiler is likely to overspeed the meter up to 160% of its design capacity with
hydrogen. Most mechanical meters are not designed to operate at anything approaching this level
of demand over the meter deign capacity. Essentially, G4 meters are inappropriate. It is possible to
envisage a few properties having smaller demand, (and a modest test programme will be
recommended) but with large combi boilers now taking 80% of the market, especially in small
properties (where there is no space for a DHW tank) the likely long-term use of existing G4 meters
looks doubtful. From the above data, it would appear sensible to size future domestic hydrogen
meters at about 20 m3/hr.
It is however also important to note that in future there should be R&D to ensure such 20 m3/hr
hydrogen meters are physically sized similarly to a current natural gas G4 meter. Without this (i.e.
downsizing of the physical size of the meter) very considerable excess expenditure will be incurred
in rebuilding meter boxes etc.
This is a complicated issue. It is expected that existing pipework downstream of the ECV can
generally be retained as the lower density of hydrogen permits high velocities for a similar pressure
drop. Most authorities agree that on an energy flow basis hydrogen will deliver, down the same
pipe, between 80 and 85% of the capacity on natural gas for the same pressure drop. Over the
past 50 years displacement gas meters have been optimised for:
•
•

Volumetric flow rate
Physical size
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•
•

Cost
Acceptable accuracy.

A similar exercise needs to be taken for gas with markedly different physical properties.
The authors suggest such an increase in volumetric duty might be expected to be challenging for
traditional displacement meters, but there are several options. Operations could be relatively
straightforward for ultrasonic and thermal mass meters where the gas is merely conveyed along a
pipe; a rotary displacement (lobe) meter with high speed bearings is also an option.
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4 Legislative requirements
The minimum operating characteristics of instruments used for a variety of measurement
applications in Great Britain have been set down in law for many years. Initially, this was
implemented through national regulations, but latterly by implementing a European directive, the
Measuring Instruments Directive (MID) [3] in British law via the Measuring Instruments Regulations
[4]. It should however be noted, that the transposition of the MID into British law has limited the
capacity of gas meters under these Regulations to; if the rate of flow would exceed 1600 m3/h if a
meter measured at a temperature of 15°C and a pressure of 1013.25 millibars, then it is excluded
from the regulations.
There are three ways to demonstrate conformity to the MID:
a) Directly against the Essential Requirements of the MID
b) Conforming to a harmonized standard,
c) In the case of the MID, The International Organization of Legal Metrology (OIML) which
sets out recommendations for meter performance.

4.1 Measuring Instruments Directive
The MID sets out accuracy requirements for gas meters. This is broadly similar to the previous
regulations under which meters were regulated prior to the implementation of the MID, via the Gas
(Meters) Regulations 1983, as amended [5] and Gas (Meters) (Amendment) Regulations 1993 [6].
Figure 7 shows the accuracy requirements for gas meters.

Figure 7 - Gas meter accuracy requirements
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It is worth observing that the MID permits a higher Maximum Permissible Error (MPE) for class 1,5
meters in service compared to that required for their initial conformity assessment. This in-service
MPE is higher than the MPE allowed for diaphragm meters in the preceding British legislation. The
MID class 1,0 meter MPE is aligned with the preceding British limits for meters exceeding 10 m³/hr.
It is essential that any gas meter used for billing purposes meet or exceeds the accuracy
requirements set down in this legislation. Approximately three thousand domestic, commercial and
light industrial gas meters are removed for dispute testing each year [7] under monitoring by
Regulatory Delivery, part of BEIS. Whilst the majority of meters tested are found to be accurate, if
a systematic error becomes apparent it could lead to significant regulatory action.

4.2 Gas Safety (Installation and Use) Regulations
The GSIUR [8] covers the safe installation, maintenance and use of gas systems. It applies to any
gas as defined by the Gas Act, which includes hydrogen in domestic premises. Hydrogen in
commercial premises is covered but hydrogen in industrial premises are not covered by these
regulations. Such industrial applications are primarily of chemical and associated industry
purposes rather than for combustion. The HSE have other more appropriate legislation such as the
Health and Safety at Work etc. Act and the Factories Act to enable any enforcement action against
dangerous installations.
Part C of the GSIUR sets out requirements for meter installations. The majority of these aspects
will be unchanged by the transition to hydrogen, but the requirements for gas tightness shall be
borne in mind. Currently, the IGEM standards for purging and tightness testing – the IGE/UP/1
series – are based on energy release rates which are broadly similar for hydrogen and natural gas
when leaking through a hole at a given pressure. The IGEM hydrogen working group is considering
whether this is an appropriate calculation method for hydrogen, or whether a release rate criterion
based on volume of flammable atmosphere created may be more appropriate. Any such change
would relate to the integrity of joints within the gas system rather than having a significant impact
on the gas meter.

4.3 ATEX Directives
There are two EU directives which together are known by the acronym ATEX. These are together
intended to improve the health and safety of people potentially at risk from explosive atmospheres.
Whilst the ATEX directives nominally exclude installations in domestic premises, the driving forces
behind them should still be respected in such applications. This is of key concern for Smart meters,
where electronic components are an inherent part of the design, contrasting with traditional
diaphragm meters without ignition sources.

4.3.1 ATEX Equipment Directive
The ATEX Equipment Directive [9] is implemented in British law via the Equipment and Protective
Systems Intended for Use in Potentially Explosive Atmospheres Regulations [10]. This is the part
of the ATEX system which defines how equipment used in areas which may contain flammable
atmospheres must be designed and tested.
One key principle of the ATEX equipment directive is that of gas groups, whereby the type of fuel
gas present is characterised by its ease of ignition. Hydrogen differs from natural gas in that it has
lower ignition energy, and so equipment which is ATEX approved for natural gas is not necessarily
suitable for use in a hydrogen atmosphere. This can differ depending on the way in which the
equipment is made safe (the protection concept) – if the equipment is assessed to be safe
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because it can generate a spark of a certain energy content, it is likely to be impacted by the
change in gas, whereas protection by encapsulation of the electronic parts in resin will be
unaffected.

4.3.2 ATEX Workplace Directive
Whereas the ATEX Equipment Directive provides specifications for equipment for installation within
potentially explosive atmospheres, the ATEX Workplace Directive [11], which is implemented in
Britain by the Dangerous Substances and Explosive Atmospheres Regulations (DSEAR) [12], sets
out how employers must carry out risk assessments to reduce risks. This is explicitly only
applicable to workplaces, as gas fittings covered by GSIUR are excluded from the scope of
DSEAR.
As mentioned above, the extents of any flammable atmosphere which could be generated through
a hydrogen gas leak has to be assessed and compared to the existing extents, which may impact
meter siting requirements. However, this is a consequence of the gas being conveyed rather than
a specific meter concern.
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5 European and national standards requirements
Meter installations of capacity not exceeding 6 m³/h in the UK have an applicable standard, BS
6400 series [13]. This standard covers the installation and other works with the meter including the
dimensions of the meter and its connections rather than the performance of the meter per se.

5.1 Diaphragm gas meters
Diaphragm gas meters have a specific standard, BS EN 1359 [14]. These meters are to be of
class 1,5 under the MID. Consequently, the meter shall have a turndown of 150:1 between the
maximum and minimum flow rate for which the meter is designed. At flowrates less than 10% of
Qmax the maximum permissible error is 3% of the actual flow, and above 10% of Qmax the maximum
permissible error is 1.5%.
Figure 8 is taken from the GRHYD power to gas study currently being undertaken by GRDF in
northern France. This appears to show that with natural gas enriched with 20% hydrogen, the flow
measurement error exceeded the maximum permissible error at 20% of Qmax. It is unclear whether
this is a systematic error, due to measurement transients, or from data scatter. It is also unclear
whether there would be any applicability to measurement of 100 % hydrogen. This only represents
a snapshot of meter performance.
Nevertheless, it is worth noting that these measured errors would not be a concern in practice for
the levels of hydrogen addition assessed. For class 1,5 meters, the MPE stated in the MID refers
to initial testing, with an in-situ (durability) error of twice the MPE being permitted. The meter
performance is within the allowable limits when using this gas mixture.

Figure 8 - Natural gas enriched with hydrogen, effect on meter error [15]
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5.2 Rotary displacement gas meters
The standard for rotary displacement gas meters is BS EN 12480 [16]. These meters are to be of
class 1,0 under the MID. As these (and subsequent) meters are of class 1,0 rather than class 1,5
there is no equivalent set of in-situ (durability) limits – the meters must remain within the initial
accuracy limits.

5.3 Ultrasonic flow meters
There is also a specific standard applicable to small scale ultrasonic gas flow meters,
BS EN 14236 [17]. The current scope of this standard is of up to 10 m³/hr, but work is in progress
to revise this standard including increasing the scope to 40 m³/hr. Ultrasonic flow meters may be of
either class 1,0 or class 1,5.

5.4 Turbine flow meters
Turbine flow meters are standardised under BS EN 12261 [18]. This requires that they shall be
class 1,0.

5.5 Thermal mass flow meters
There is currently no European Standard for these meters. There is currently a published Italian
Standard UNI 11625. A new work item has been launched to use this Italian standard as the basis
for a European Standard which has the scope of covering the requirements for this type of meter
up to a capacity of not exceeding 160 m3/hr.
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6 Scope and specification for meter testing programme
Where possible, meter testing approaches should be consistent with those specified in standards
as this adds to confidence as to whether a meter under test is or is not suitable for use on
hydrogen. There will however be aspects which will need to be tested in novel ways.
The rationale behind this meter testing is complex. As stated above, Natural gas meters have been
optimised over many years for physical size (height, depth and width and gas pipe diameter),
volumetric capacity (m³/hr) and cost (£). Specifying and designing hydrogen meters suitable for
minimal installation work will require innovative R&D.
It is clear from so-called ‘Hydrogen eters’ around the world that manufacturers essentially
continue to offer (for example) the same positive displacement to measure 6 m³/hr of hydrogen.
These are perfectly satisfactory in a laboratory situation (where meter physical size and cost are
not imperatives) and are suitable for very small-scale role out of hydrogen (a few hundred houses);
what is required for the mass roll out of hydrogen is a new breed of miniaturised hydrogen meters
to offer low cost meters that will fit within existing natural gas meter boxes conforming to BS 8499
[19]. The following work programme will provide meter manufacturers with fundamental information
that should simplify their R&D programmes.
Once a provisional test programme has been agreed within the gas industry, this will be discussed
with the gas meter industry. The plan is that the programme should both inform the industry of
potential issues but also re-assure them that the metering of hydrogen is quite feasible. It would
appear likely that once constructed this hydrogen meter test rig could be used in the testing of the
novel meters likely to be required. With the current uncertainty regarding government policy and
the role out hydrogen, it is difficult to see individual manufacturers investing in such facilities
themselves.

6.1 List of meter types to be tested
For the next phase of this project, the intention is to test meters which are of types installed in the
natural gas system, to assess their performance (within their current volumetric limitations) on
100% hydrogen. Meters which are not currently installed but may be appropriate for a hydrogen
application are out of scope of works. Likewise, meters which are currently installed but are known
to be incompatible with distributed hydrogen will not be included.
The types of meters which will be tested for the next phase are:
•
•
•
•
•
•

Diaphragm gas meters
Thermal mass gas meters
Ultrasonic gas meters
Rotary displacement gas meters
Turbine flow meters
Orifice flow meters

Because of limitations of size (i.e. a 20 m³/hr hydrogen meter will need to fit into the space
currently occupied by a G4 meter) it is foreseen that appropriately designed ultrasonic and
(potentially) thermal mass flow meters may be the most suitable for mass market application to
hydrogen distribution. Where possible, pilot metering installations should be constructed using offthe-shelf instrumentation elements to assess the proof of concept for future metering to help direct
R&D by meter manufacturers.
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6.2 The pressure range at which the meters will be tested
Due to concerns around metallurgical issues with hydrogen at high pressure causing failure of high
strength steels due to hydrogen embrittlement (especially at welds), the existing natural gas
transmission system is currently considered unlikely to be suitable for the transmission of
hydrogen. There is no information available as to the grades of steel used to construct the
transmission system, so it is not possible to ascertain where they fall on the Nelson curves which
relate hydrogen pressure to metal attack: without being able to confirm that they are suitable to
carry hydrogen, the default position can only be to assume that they are not suitable.
Consequently, any high-pressure (above 7 bar) transmission line would be new and include new
flow measurement instruments rather than repurposing an existing installation.
As a result, the range of pressures over which the meters will be tested shall reflect those in the
distribution systems and end use installations. A range of pressure points covering the low,
medium, and intermediate pressure distribution systems should be chosen, with ranges consistent
with ENA GDN/PM/GT/1 [19]. The following list of pressures at the gas meter installation inlet is
suggested to give a sufficient range:
Pressure
Range
Low
Medium
Intermediate

Operating Pressures
(mbar gauge)
25
35
75
105
1100
2000
3000
5000
7000

Design Maximum Incidental
Pressure (mbar gauge)
200
2700
9310

Table 3 - Network pressure ranges

No meter will be tested outside of its design pressure. Risk assessments for the test programme
stages will need to be conducted prior to starting, and the increasing level of risk associated with
hydrogen and higher pressures will be taken into consideration as part of this risk assessment
process.

6.3 The flow rates range at which the meters will be tested
6.3.1 Accuracy within normal volumetric range of meter
As with the pressure range, the range of flow rates over which each individual meter will be tested
and depend on the particular meter under test. The meters will be tested using hydrogen up to the
overload volumetric flowrate of 120% of Qmax of the meter.

6.3.2 Performance above normal volumetric range of meter
The flow rates tested will also consider the ratio of calorific value of natural gas to that of hydrogen.
Unlike the pressure range, this means that the meters will be operating outside of their design
range, as this is one of the key parameters of interest. To maintain the energy flow capacity
through a G4 (6 m3/hr, Qmax air) meter passing hydrogen compared to natural gas, it will be
necessary to gradually increase the flow for each meter under test to 3.5 times its Qmax to a
maximum of 20 m³/hr for domestic meters. Initially some comparative tests will be carried out at
these increased rates with air and hydrogen. This will investigate whether any usually 2nd order
effects come into play e.g. approaching the mechanical parts natural resonance frequencies. If
these test report are positive, progress will be made to the full programme. This will be conducted
on air over an extended period to assess the effect on the meter integrity, via comparative
tightness tests carried out before and after extended high rate trials. Disassembly and inspection of
parts such as bearing units for wear will also be necessary.
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This test work is considered useful as it will provide meter manufacturers with publicly available
information on:
•

•

The pressure drop across various designs of meter with large volumes of hydrogen. This is
considered important as especially the ultrasonic and thermal mass meters are expected to
give low pressure drop.
The life of mechanical meters subject to overspeed.

The duration of such overload tests will need to be agreed prior to beginning phase 2 testing.

6.4 Meter regulator vent release
As part of the second phase of the meter test programme it is recommended that a series of
comparative tests are carried out with three brands of meter governor in the 6 most widely used
meter boxes (4 wall mounted, and 2 ground mounted). Tests would be carried out at the low
pressure operating conditions identified above.
Following determination of natural gas and hydrogen concentrations in (at least) 3 locations in the
box (probably top left back, top right front and adjacent to any meter electronics/battery access
cover) these concentrations would be considered and any necessary R&D programme instigated.
The implications on ATEX Zoning (especially on meter signal transmitters etc) would need to be
included in this.

6.5 Measurement requirements
For any meter test rig to function effectively, it is necessary that the flow rate through the meter(s)
under test is known accurately. This emphasises the importance of avoiding circular reasoning in
the performance measurement by cross-checking inaccurate meters against each other and
drawing conclusions based on spurious correlations. A known good meter will be installed which
may be one that is unsuitable for use within a real-world gas metering application. Determination of
one or more reference flow measurement devices will form a key part of the detailed design of the
meter test rig.
In addition to flow rates, pressure and temperature measurements; tests will also be recorded to
ensure that the readings that are taken can be corrected back to standard conditions (278K and
1013.25 millibar) where necessary.

6.6 Safety requirements
The most significant hazard associated with testing the meters will be flammability from any gas
release. The rig will be constructed robustly and installed in an appropriately zoned area with
respect to ignition sources. Fire response procedures will be required before any use of the rig can
begin, along with risk assessments of its operation.
A hazard and operability study (HAZOP) will be carried out once the design has been fixed but
before ordering of items which may need to be changed. This HAZOP will be small in complexity
compared to most applications. Pressure relief and trip systems (as required) will form part of this
rig and will be defined prior to the HAZOP.

6.7 Conceptual design of meter test rig
To allow extended flows of potentially high hydrogen rates to be tested, a rig consisting of a ring of
hydrogen of pipework and buffer vessel will be needed. It would be highly wasteful to feed
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hydrogen through flow meters at a high rate in a single pass. Therefore, the meter test rig will need
to include gas circulation via an appropriate booster / circulation fan. Consideration may need to be
given to cooling to remove the heat generated through this mechanical work, and sufficient
instrumentation to ensure that the flow of gas through the meter is as intended.
Multiple meter test rigs may need to be constructed to allow the full range of meters to be tested.
While the vast majority of meters are domestic meters of 6 m³/hr capacity, rotary and turbine
meters can handle thousands of cubic metres per hour. It is not feasible for one rig to provide this
range of flows without modifications. Figure 9 shows a conceptual design to allow controlled flows
of hydrogen gas to be measured through gas meters. This will require elaboration into a detailed
design.
The choice of gas meter known to be good for use on hydrogen is critical to the success of this test
progra
e. his eter will be used as the flow controller, identified by “FC” on Figure 9. An
industrial flow controller designed for use on hydrogen, such as a commercially available ultrasonic
flow meter that has had its calibration double checked with a bell prover (if available), appears to
be most appropriate for this role where a form factor compatible with existing meter connections is
not necessary.

Figure 9 - Meter test rig conceptual design

This rig design includes pressure relief after the gas cylinder regulators and the circulation fan to
avoid overpressuring any equipment, and controllers for the flow, temperature and pressure of gas
to the meter under test (annotated as FI on the diagram). By controlling the physical conditions and
the flow rate, the accuracy of measurements can be evaluated.
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6.8 Data collection and results
Table 4 shows a suggested, simplified template for collecting performance results. For each meter
(of which only a small subset are shown) a range of flows will be tested at a range of inlet
pressures, as discussed above.
Meter

G4
Diaphragm
0 – 6 m³/hr

E6
Ultrasonic
0 – 6 m³/hr

Turbine
T.B.D.

Thermal
Mass
T.B.D.

Inlet pressure (mbar)
Outlet pressure (mbar)
Pressure drop (mbar)
Actual volumetric flow (m³/hr)
Indicated volumetric flow (m³/hr)
Error (m³/hr)
Error (%)
Tightness – prior to testing
Tightness – after testing
Observations
Table 4 - Testing template

An expanded spreadsheet version is supplied along with this report.

6.9 Criteria for selection of meter testing organisation
Any organisation to be used for meter testing as part of this project shall be an experienced meter
test lab technician with expertise of handling flammable gas at a large scale. Only two such
laboratories could be readily identified in the UK: NREL East Kilbride; and National Grid
Loughborough. Other laboratories may exist, but nearly all existing volumetric gas meter calibration
facilities use predominantly air. The location chosen will have to be suitable for handling the safety
features of the test rig, such as venting any pressure relief devices to a safe location.
There are other rigs available in Europe. These include PTB, Germany, NMI, The Netherlands and
SGS United Kingdom Ltd. A note with contact details was sent to Chris Barron.
The lab to be used for this testing should preferably be accredited to BS EN ISO 17025 [20] for
calibration purposes to ensure that the quality system is implemented well, and ensure confidence
in the results of the testing.
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7 Criteria for acceptance or rejection of meters as to
suitability for hydrogen
7.1 Mechanical integrity
Gas tightness testing will be conducted before and after testing of the meters, using helium for
sensitivity if deemed necessary. The tightness requirements will be as required based on the IGEM
UP/1 series of standards. Following tightness testing after overspeed trials, meters will be
disassembled and parts will be inspected. Mechanical / reliability engineering input would be
required to confirm scope of inspection.
Meter standards include detailed procedures for testing mechanical integrity, covering vibration,
bending, impact resistance etc. These tests primarily consider the resilience of the meter housing
and its associated pipework: which should be unaffected by any change of gas.
Likewise, tests for meter life are based on operation using air, for specified durations and flow
rates, with differing conditions for different meter types. These test processes will be used, with the
higher volumetric flow necessary to maintain energy flow.

7.2 Measuring accuracy
Measuring accuracy is required to be at least as good as mandated by the MID, and remain within
limits when measuring accuracy testing is repeated following meter life testing. For a new
diaphragm meter, an increase in measurement error from the initial to the in-situ limits would be
permissible but will have to be within the durability limits set out in the MID. All test results will be
recorded.

7.3 Pressure drop
For domestic meters, conformance with [13] requires that the pressure drop across the meter
installation under test shall not exceed 4 mbar at the maximum flowrate – there are different valves
for different capacity meters. The pressure drop across the meter itself should not exceed 2 mbar
on air, equivalent to 1.25 mbar on NG. It is suggested that the pressure drop specification of 1.25
mbar across the meter should be maintained with H2. This will be an arduous criteria for many of
the physical displacement meters (e.g. bellows or lobes) at the higher flow rates.

7.4 Physical dimensions
BS 8499 [21] details the dimensions required for a domestic gas meter to fit within an existing
meter housing and to be connected to the inlet and outlet pipework. For the majority of domestic
applications, this will need to carry 20 m³/hr of hydrogen. Any new meter developed to measure the
flow of hydrogen will need to satisfy these dimensional requirements, as modifications to the meter
housing would involve very significant cost.
Meters with larger capacities need also to be able to fit within the same footprint as existing meter
installations. These dimensions will be reviewed during the detailed design of the meter test rig
during the next phase of this project.

7.5 Electrical supply and battery life (if applicable)
The MID [3] contains specifications regarding the power supply to gas meters. It is permissible for
a gas meter to be powered from the mains, (although this is not normal) subject to inclusion of a
means of backup to ensure measuring continues during a power failure. Where a meter is to be
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powered by a battery, this must have a useful life of at least five years. This is independent of the
type of gas being measured by the gas meter.
No specific criteria is identified for the duration of power loss which has be accounted for; this is a
function of the electricity supply reliability rather than the gas supply.

7.6 ATEX equipment specifications
Any meter used for hydrogen is to be suitable for gas group IIC T1, rather than IIA T1 due to the
lower ignition energy of hydrogen compared to natural gas. It will be the responsibility of the meter
manufacturer to ensure that their meter is appropriately constructed.
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8.2 Abbreviations used
ATEX

Explosive Atmospheres (ATmosphères EXplosibles)

DSEAR

Dangerous Substances and Explosive Atmosphere Regulations [12]

GRDF

Gaz Réseau Distribution France, French natural gas distribution
network operator

GRHYD

Hydrogen energy storage demonstrator project to inject hydrogen into
the natural gas supply networks of a new residential neighbourhood
in Dunkerque

GSIUR

Gas Safety (Installation and Use) Regulations [8]

HAZOP

Hazard and Operability Study

IGEM

Institution of Gas Engineers and Managers

MID

Measuring Instruments Directive [3]

MPE

Maximum Permissible Error

NIA

Network Innovation Allowance

NIC

Network Innovation Competition

Qmax

Maximum flowrate, the highest flowrate at which the gas meter
provides indications that satisfy the requirements regarding MPE

Qmin

Minimum flowrate, the lowest flowrate at which the gas meter
provides indications that satisfy the requirements regarding MPE

Qr

Overload flowrate, the highest flowrate at which the meter operates
for a short period of time without deteriorating

Qt

Transitional flowrate, the flowrate occurring between the maximum
and minimum flowrates at which the flowrate range is divided into two
zones, the ‘upper zone’ and the ‘lower zone’. Each zone has a
characteristic MPE
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8.3 Correspondence and interviews
Meetings, telephone interviews and email correspondence were conducted with a number of meter
and instrumentation component manufacturers to ascertain the current state of the art with respect
to their product lines, and applicability to hydrogen metering. These interviews were conducted
under commercial confidentiality and therefore have not been quoted directly.
We are grateful to the following organisations amongst others for sharing their time and
knowledge:
•
•
•
•
•
•
•
•

Bronkhorst – Newmarket
Bureau de Normalisation du Gaz – Paris
Honeywell Elster – Stafford and Germany
Landis+Gyr – Stockport
MeteRSit – Milan
NMi – Netherlands
Sensirion – Switzerland
SICK – Germany
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