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Introduction

• Gas meters and gas volume conversion devices are instruments that have to be
placed into use and in the market of EU according to Directive 2014/32/EU (MID).
Until now these instruments are mainly used for the measurement of the consumption
of natural gas.

• The European Green Deal, however, aims at increased use of hydrogen and
biogas in the future. These and other renewable gases will be blended into natural
gas if circumstances allow in terms of measuring accuracy and ensuring safety. For
this reason, the durability of the materials of domestic gas meters and conversion
devices after exposure to renewable gases, the effects that renewable gas flow has
on the durability of gas meters were investigated.
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Durability of gas meters 

• At the beginning of this project, it was agreed that gas meters will be provided by
cooperating market-leading manufacturers in order to study their metrological stability and
the long-term properties of the internal materials that are in contact with the flowing gas.
Reference untested gas meters were supplied so that any degradation of gas meter
components during durability tests could be assessed using the EDX-SEM technique.

• Energy-dispersive X-ray (EDX) analysis is a widely employed technique by materials
scientists and used together with a scanning electron microscope (SEM), an EDX
detector can generate more information about a sample than an SEM can alone. EDX can
be used for qualitative and analysis, enabling users to identify both the type of elements that
are present as well as the abundance of each element on the sample surface.
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Numbers of gas meters 
Manufacturer 1 

• supplied 1 piece of G4 diaphragm gas meter to ISSI (reference for EDX-SEM)

• supplied 9 pieces of G4 diaphragm gas meters to CMI for air calibration

• supplied 1 piece of G4 gas meter to PTB for H2 gas tightness test

Manufacturer 2

• supplied 1 piece of G4 diaphragm gas meter to ISSI (reference for EDX-SEM)

• supplied 9 pieces of G4 diaphragm gas meters to CMI for air calibration

• supplied 1 piece of G4 diaphragm gas meter to ISSI for H2 gas tightness test

•

Manufacturer 3 

• supplied 1 piece of G4 thermal mass flow meter to ISSI (reference for EDX-SEM)

• supplied 11 pieces of G4 thermal mass flow meters to CMI for air calibration

• supplied 1 piece of G4 thermal mass flow meter to ISSI for H2 gas tightness test

• supplied 1 piece of G4 thermal mass flow meter to PTB for H2 gas tightness test

Manufacturer 4 

• supplied 2 pieces of G4 USM (ultrasonic domestic) gas meters to ISSI (reference for EDX-SEM)

• supplied 5 pieces of G4 USM (ultrasonic domestic) gas meters to CMI for air calibration
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Activity
Durability 
test bench at 
institute

Gas meter type
Number of 
gas meters 
tested

Months exposed

Natural gas flow CMI Diaphragm (manufacturer 1) 3 3

Natural gas flow CMI Diaphragm (manufacturer 2) 3 3

Natural gas flow CMI Thermal mass flow 2 6

Natural gas flow CMI USM 2 6

Static hydrogen PTB Diaphragm (manufacturer 1) 3 3 (1 piece), 12 (2 pieces)

Static hydrogen ISSI Diaphragm (manufacturer 2) 3 3 (1 piece), 12 (2 pieces)

Static hydrogen PTB Thermal mass flow 3 6 (1 piece), 12 (2 pieces)

Static hydrogen ISSI Thermal mass flow 3 6 (1 piece), 12 (2 pieces)

Biogas flow ISSI Diaphragm (manufacturer 1) 3 3 (1 piece), 12 (2 pieces)

Biogas flow ISSI Diaphragm (manufacturer 2) 3 4 (1 piece), 12 (2 pieces)

Biogas flow ISSI Thermal mass flow 3 6 (1 piece), 12 (2 pieces)

Biogas flow ISSI USM 3 6 (1 piece), 12 (2 pieces)

Activities
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The picture of the biogas durability test bench in ISSI (Italy):

Parameter
CH4

% 60-62
CO2

% 35-37
N2

% 1-4
H2S ppm <100
HCl mg/m3 <0.5
HF mg/m3 <1
NH3

mg/m3 <0.1
Total Si -

Siloxanes

n.d.

Dew Point °C 5-12
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The picture of the hydrogen durability test bench in ISSI (Italy):
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The picture of the hydrogen durability test bench in PTB (Germany):
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The picture of the hydrogen durability test bench in PTB (Germany):
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The picture of the natural gas  durability test bench in CMI (Czech Republic):
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The domestic gas meters are, from point of view of Directive 2014//32/EU, the gas
meters of the accuracy class 1.5. This requirement is applied for these gas meters
during a durability test:
The variation of the measurement result after the durability test when compared with the
initial measurement result for the flow rates in the range Qt to Qmax - shall not exceed
the measurement result by more than 2 %. (The transitional flow rate Qt is usually
0.1Qmax.) The error of indication after the durability test shall not exceed twice the
maximum permissible errors (MPE) in this table:

Diaphragm gas meters 
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Diaphragm gas meters 

At first all these 18 pieces of domestic diaphragm gas meters were calibrated by air
close to 20°C in laboratory of CMI. Subsequently, 3 of these gas meters from
manufacturer 1 and 3 of these gas meters from manufacturer 2 were placed on a
durability test bench where they were operated with natural gas at flow rates between
0.8Qmax and Qmax for a period of 3 months. Then they were removed from this bench
and recalibrated with air at the temperature close to 20°C.

Manufacturer 1

mean error difference between initial 

accuracy test with air and accuracy 

test with air after 3 months durability 

with natural gas

flow rate %

Qmax -0,07

0.4Qmax -0,06

0.1Qmax 0,00

Qmin -0,26

Manufacturer 2

mean error difference between initial 

accuracy test with air and accuracy test 

with air after 3 months durability with 

natural gas

flow rate %

Qmax -0,35

0.4Qmax -0,16

0.1Qmax -0,28

Qmin 0,33
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Summary of the results of diaphragm gas meters after durability tests with
natural gas:

• All tested diaphragm gas meters were in tolerance even of initial MPE for
gas meters of accuracy class 1.5 before and after they were subjected to
durability test with natural gas.

• The variation of the measurement result after the durability test when
compared with the initial measurement results for the flow rates in the
range Qt to Qmax did not exceed the measurement result by more than 2 %.

Diaphragm gas meters 
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Diaphragm gas meters 

From 18 pieces of domestic diaphragm gas meters after their initial calibration with air

close to 20°C the 6 pieces of these gas masters were placed for static test in test

benches with hydrogen in PTB (Germany) or in ISSI (Italy). The gas meters were in

these hydrogen test benches 3 months or 12 months. Then they were removed from

these benches and recalibrated with air at the temperature close to 20°C. The results are

presented below.

Manufacturer 1

mean error difference between 

initial accuracy test with air and 

accuracy test with air after 3 or 12 

months durability with hydrogen

flow rate %

Qmax -0,36

0.4Qmax -0,52

0.1Qmax -0,47

Qmin 0,24

Manufacturer 2

mean error difference between initial 

accuracy test with air and accuracy 

test with air after 3 or 12 months 

durability with hydrogen

flow rate %

Qmax -0,32

0.4Qmax -0,36

0.1Qmax -0,18

Qmin 0,19
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Diaphragm gas meters 

Summary of the results of diaphragm gas meters after durability tests with
hydrogen:

• All tested diaphragm gas meters were in tolerance of initial MPE for gas
meters of accuracy class 1.5 before they were subjected to durability
testing with hydrogen.

• All tested diaphragm gas meters were in tolerance of twice initial MPE for
gas meters of accuracy class 1.5 after they were subjected to durability
testing with hydrogen.

• The variation of the measurement result after the durability test when
compared with the initial measurement result for the flow rates in the range
Qt to Qmax did not exceed the measurement result by more than 2 %.
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Diaphragm gas meters 

From 18 pieces of domestic diaphragm gas meters after their initial calibration with air close

to 20°C the 6 pieces of these gas masters were placed for test in a test bench with biogas in

ISSI (Italy). The gas meters were in a biogas test bench 3 months or 12 months. Then they

were removed from this bench and recalibrated with air at the temperature close to 20°C.

Unfortunately, some gas meters were influenced by some impurities and liquid drops from

biogas.

Manufacturer 1

mean error difference between 

initial accuracy test with air and 

accuracy test with air after 3 or 12 

months durability with biogas

flow rate %

Qmax -0,83

0.4Qmax -0,88

0.1Qmax -1,05

Qmin -1,45

Manufacturer 2
mean error difference between initial accuracy 

test with air and accuracy test with air after 3 or 

12 months durability with biogas (only 2 pcs)

flow rate %

Qmax -1,45

0.4Qmax -1,38

0.1Qmax -1,19

Qmin -1,65
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Diaphragm gas meters 

Summary of the results of diaphragm gas meters after durability tests with biogas:

• All the 6 pieces of tested diaphragm gas meters were in tolerance of initial MPE for
gas meters of accuracy class 1.5 before they were subjected to durability testing
with biogas with one exception s.n. 39519403 (Manufacturer 1) at 0.1Qmax when
the error was -1,71 %.

• The 4 pieces from 6 pieces of tested diaphragm gas meters were in tolerance of
twice initial MPE for gas meters of accuracy class 1.5 after they were subjected to
durability testing with biogas. One piece was out of tolerances and one piece was
probably blocked and not working after durability test with biogas.

• The variation of the measurement result after the durability test when compared
with the initial measurement result for the flow rates in the range Qt to Qmax did not
exceed the measurement result by more than 2 % in case only of 4 pieces from 6
pieces of tested diaphragm gas meters.
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Diaphragm gas meters 
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Diaphragm gas meters 
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Thermal mass gas meters 

At first 11 pieces of domestic thermal mass gas meters were calibrated by air close to
20°C in laboratory of CMI. Subsequently, 2 pieces of these gas meters from manufacturer 3
were placed on a durability test bench where they were operated with natural gas at flow
rates between 0.8Qmax and Qmax for a period of 6 months. Then they were removed
from this bench and recalibrated with air at the temperature close to 20°C.

Manufacturer 3

mean error difference between initial accuracy 

test with air and accuracy test with air after 6 

months durability with natural gas 
flow rate %

Qmax -0,23
0.4Qmax 0,18
0.1Qmax 0,10

Qmin 0,27



21

Thermal mass gas meters 

Summary of the results of thermal mass gas meters after durability tests
with natural gas:

• All tested thermal mass gas meters were in tolerance even of initial MPE
for gas meters of accuracy class 1.5 before and after they were subjected
to durability testing with natural gas.

• The variation of the measurement result after the durability test when
compared with the initial measurement result for the flow rates in the
range Qt to Qmax did not exceed the measurement result by more than 2 %.
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Thermal mass gas meters 

From 11 pieces of domestic thermal mass gas meters after their initial calibration
with air close to 20°C the 6 pieces of these gas masters were placed for static
test in test benches with hydrogen in PTB (Germany) or in ISSI (Italy). Both in
PTB (Germany) and in ISSI (Italy), one gas meter was exposed to static
hydrogen for 6 months, and the two gas meters for 12 months.

Manufacturer 3

mean error difference between initial accuracy 

test with air and accuracy test with air after 6 or 

12 months durability with hydrogen
flow rate %

Qmax -0,72

0.4Qmax -1,01

0.1Qmax -1,15

Qmin -1,93
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Thermal mass gas meters 

Summary of the results of thermal mass gas meters after durability tests with
hydrogen:

• All tested thermal mass gas meters were in tolerance of initial MPE for gas 
meters of accuracy class 1.5 before they were subjected to durability testing 
with hydrogen. 

• All tested thermal mass gas meters were in tolerance of twice initial MPE for 
gas meters of accuracy class 1.5 after they were subjected to durability 
testing with hydrogen.   

• The variation of the measurement result after the durability test when 
compared with the initial measurement result for the flow rates in the range
Qt to Qmax did not exceed the measurement result by more than 2 %. 
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Thermal mass gas meters 

From 11 pieces of thermal mass gas meters after their initial calibration with air
close to 20°C the 3 pieces of these gas masters were placed for test in a test bench
with biogas in ISSI (Italy). Unfortunately, these 3 pieces of thermal mass gas
meters were almost damaged by some accident in a test bench with biogas in ISSI
(Italy).

That is why it was not possible to calibrate these 3 gas meters again by air after
their exposure to biogas.
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Thermal mass gas meters 
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Ultrasonic domestic gas meters 

At first 5 pieces of ultrasonic domestic gas meters were calibrated by air close
to 20°C in laboratory of CMI. Subsequently, 2 of these gas meters were placed
on a durability test bench where they were operated with natural gas at flow
rates between 0.8Qmax and Qmax for a period of 6 months. Then they were
removed from this bench and recalibrated with air at the temperature close to
20°C. No domestic ultrasonic gas meter was loaded with hydrogen for long
periods of time during this project.

Manufacturer 4

mean error difference between initial accuracy test with 

air and accuracy test with air after 6 months durability 

with natural gas 
flow rate %

Qmax 0,16

0.4Qmax -0,05

0.1Qmax -0,03

Qmin 0,62
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Ultrasonic domestic gas meters 

Summary of the results of ultrasonic gas meters after durability tests with
natural gas:

• All tested ultrasonic gas meters were in tolerance even of initial MPE for gas
meters of accuracy class 1.5 before and after they were subjected to durability
testing with natural gas.

• The variation of the measurement results after the durability test when
compared with the initial measurement result for the flow rates in the range Qt
to Qmax did not exceed the measurement result by more than 2 %.

From 5 pieces of domestic ultrasonic gas meters after their initial calibration with air
close to 20°C the 3 pieces of these gas meters were placed for test in a test bench
with biogas in ISSI (Italy). Unfortunately, these 3 pieces of domestic ultrasonic gas
meters were almost damaged by some accident in a test bench with biogas in ISSI
(Italy). That is why these 3 gas meters were not calibrated again by air after their
exposure to biogas in CMI.
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Ultrasonic domestic gas meters 
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Gas volume conversion devices

A conversion device usually consists of a pressure sensor, a temperature sensor and a calculator. A
temperature sensor is in the place of installation placed into thermo-well in the pipe in which the
natural gas is flowing. This thermo-well used to be filled with oil. It means that a temperature
sensor does not come into direct contact with the flowing gas at all.
The situation is different with the pressure sensor. Its diaphragm is directly affected by the pressure
of the flowing gas and therefore the diaphragm comes into direct contact with the flowing gas.
According EN 12405-1 these MPE are applied:



30

Gas volume conversion devices

Manufacturer 1 supplied 2 pieces of gas volume conversion devices with pressure
range (0.8-5.0) bar.
Manufacturer 2 supplied 3 pieces of gas volume conversion devices, 2 pieces with
the pressure range (1.5-6.0) bar and one piece with pressure range (0.7-2.0) bar.
Manufacturer 5 supplied 2 pieces of gas volume conversion devices, 1 piece with the
pressure range (0.8-20.0) bar and one piece with pressure range (0.8-5.2) bar.
All these 7 pieces of pressure sensors installed in gas volume conversion
devices were calibrated with nitrogen in laboratory of CMI. Subsequently, all of
these of pressure sensors installed in gas volume conversion devices were placed on
durability test benches where they were loaded with hydrogen for 12 months. Then
they were removed from this bench and recalibrated with nitrogen at the temperature
close to 20°C.
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Gas volume conversion devices

Manufacturer 1
mean error difference between initial accuracy test with and accuracy test after 

12 months durability with hydrogen 
pressure value %

Pmin = P1 -0,12
P2 -0,08
P3 -0,06
P4 -0,05

Pmax =P5 -0,04

Manufacturer 2
mean error difference between initial accuracy test with and accuracy test after 

12 months durability with hydrogen 
pressure value %

Pmin = P1 0,16
P2 0,09
P3 0,08
P4 0,06

Pmax =P5 0,06

Manufacturer 5
mean error difference between initial accuracy test with and accuracy test after 

12 months durability with hydrogen 
pressure value %

Pmin = P1 0,07
P2 0,01
P3 0,02
P4 0,00

Pmax =P5 0,00
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Summary of the results of the durability test of pressure sensors of EVCD with
hydrogen:
• The highest shift of the error was found at the minimum pressure. For one

piece of EVCD it was 0.27 % that is above 0.20 % from the measured value
what is MPE for the pressure sensors. But it is necessary point out that the
uncertainty of measurement at Pmin was in the range U(k=2)=(0.09-0.18) % at this
pressure point. (The main source of uncertainty in this pressure point was
readability from LCD of the EVCD because it was in several cases 0.001 bar at
0.800 bar.) No important shift was found at the pressure point Pmax.

Gas volume conversion devices
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Currently, most authorised test laboratories for verification of domestic gas meters in
Europe use air as the test medium. This is usual and simple from the point of view of safety
and operation of the station because there is no need to solve any explosion problems. The
accuracy results of measurements made with air are found to be satisfactory and applicable
to the measurement of natural gas at the locations where these gas meters are then installed.

Anyway, for a more accurate and general calibration procedure, applicable in a wider range of
conditions, NEWGASMET recommendation reports for diaphragm, domestic USM, and
thermal mass flow gas meters recommendations are made to either calibrate with a test gas
closest to operational conditions, or, alternatively, to prove the air or natural gas test transferability
to the (partly) renewable gas.

Recommendations for improving current calibration 
and verification facilities
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Effects of renewable gases on inner parts 
and materials

DIAPHRAGM GAS METERS – MANUFACTURER 1

The main effects observed on the meters’ 
diaphragm, after the durability test periods, 
are summarized. Deposits are largely 
present in the samples exposed to biogas, 
mainly after 12 months, they consist of 
sulphur-based crystals and chlorine 
containing salt layers (after 12 months). 
These deposits are assumed to be 
produced by nucleation from the biogas
contaminants (H2S e.g.) but also from the 
condensation ad subsequent evaporation of 
moisture in the biogas. The salts dissolved 
in this condensate form crusts after 
evaporation. 
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DIAPHRAGM GAS METERS – MANUFACTURER 2

The same effects are observed for the 
diaphragms of Manufacturer 2, which 
have a different surface structure, but 
showing similar deposition effect after the 
exposure to biogas. In this case thicker 
layers of deposits are present after 12 
months in biogas. 
The exposure to pure hydrogen does not 
produce any apparent effect on the 
diaphragms of Manufacturer 1, while 
some limited, local modifications are 
visible on the diaphragms of 
Manufacturer 2, after 12 months in 
hydrogen.

Effects of renewable gases on inner parts 
and materials
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ULTRASONIC GAS METERS – MANUFACTURER 4

Ultrasonic gas meters were 
used in biogas durability tests 
only they showed extensive 
effects of corrosion and 
deposition which irreversibly 
damaged these devices in a 
short time. These effects were 
clearly visible as soon as the 
meters were disassembled.

Effects of renewable gases on inner parts 
and materials



37

THERMAL MASS GAS METERS – MANUFACTURER 3

The thermal mass gas meters of do not 
have sensitive parts directly exposed to 
the gas; hence the analyses were focuses 
on the inner sockets, providing the 
transmission of electric current and 
signals from the outer electronics to the 
inner parts and vice versa.
Exposure to biogas produces corrosion 
and chemical modification of the surface 
of the electrical contacts, which caused 
some malfunctions observed during the 
durability tests, while no effects are 
observed with hydrogen

Effects of renewable gases on inner parts 
and materials
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From these observations and from the results of calibrations of the gas meters before and
after the durability tests, it can be suggested that:

• Current design of diaphragm, USM, TM can not be used with great confidence in raw
biogas

• Hydrogen-natural gas blends should not affect gas metering devices, since no or negligible
effects have been observed with pure hydrogen

Results and Conclusions

D1 D2 TM US

NG No effects No effects No effects No effects

H2 No effects

Possible initial deterioration of 

the membrane with l imited 

detachment of surface elements

No effects Not tested

BIOGAS
Extendesive corrosion and 

deposition of inorganic salts 

Corrosion and deposition of 

inorganic salts 

Extendesive corrosion and 

deposition of inorganic salts 

Very extendesive corrosion and 

deposition of inorganic salts 
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Questions / Discussion

www.newgasmet.eu LinkedIn: Newgasmet
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